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Advance Information describes products that are not available at the time of printing. Specifications 
may change in any manner without notice. Contact TRW for current information. 

Preliminary Information describes products that are not in full productron at the time of printing. 
Specifications are based on design goals and limited characterization. They may change without notice. 
Contact TRW for current information. 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% 
testing, as appropriate. TRW reserves the right to change products and specifications without notice. 
This information does not convey any license under patent rights of TRW LSI Products Inc., TRW 
Inc., or others. 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a 
failure or malfunction of the component can reasonably be expected to result in personal injury. The 
~ser of TRW LSI Products Inc. components in life support applications assumes all risk of such use and 
indemnifies TRW LSI Products Inc. against all damages. 

©Copyright TRW Inc. 1990. All rights reserved. TRW is the name and mark of TRW Inc. 
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Standardized Military Drawings 

To stem the proliferation of contractor-generated Source Control Drawings (SCDs), the US Government 
has established a program to create a single government-controlled SCD for each part in the military 
inventory. This document is called a Standardized Military Drawing (SMD) and is available for use by 
any contractor. By greatly reducing the number of part numbers thus generated, it is much more 
practical to maintain an inventory of these products, reducing acquisition time, cost, and overhead. 

TRW is a strong supporter of this program. We have a number of products currently in the system and 
the list is growing rapidly. Identified below are the products in the inventory at the time of publication 
of this databook, along with the "nearest generic equivalent" TRW part number. Since the Defense 
Electronics Supply Center (DESC) in Dayton, Ohio controls the detailed spec, we manufacture and test 
the product strictly in accordance with that spec. If it varies in any way from the standard specification, 
the SMD is the controlling document. It is important to verify from DESC that you are working from 
the latest revision of the SMD. 

These products are not only available from the government supply channels and from the TRW factory, 
but many are handled through the normal commercial distribution channels, providing ready access to 
full-spec military products. They are all fully compliant with the latest release of MIL-STD-883. 

If you have a need for a product not listed below, contact the factory. We may be working on it; if not, 
we will be delighted to work with you to add it to the program. 

Standardized Military Drawings 

SMD Suffix TRW Part Number Description SMD Suffix TRW Part Number Description 

5962-87600 OlXA TDC1048B6V 8-Bit 20Msps A/D 5962-89446 OlLX TMC2011B2V Multi-Tap Register 

OlXC TDC1048J6V 013X TMC2011C3V 

013A TDC1048C3V 02LX TMC2111B2V 

5962-87786 OlVA TDC1046B8V 6-Bit 20Msps AID 023X TMC2111C3V 

OlVC TDC1046J8V 5962-89715 OlXX TMC2301G8V Image Resampler 

OlXC TDC1049JOV 9-Bit 30Msps A/D 02XX TMC2301 GBVl 

OlYC TDC1049J3V OlYX TMC2301L1V 
5962-88532 

OlZA TDC1049C1V 02YX TMC2301L1V1 

5962-88739 OlQA TMC208KB5V 8 x 8 Bit Multiplier 
5962-89828 OlEX TDC1044B9V 4-Bit 25Msps AID 

02QA TMC208KB5V1 5962-90596 TDC1012 12-Bit 20Msps D/A 

03QA TMC28KUB5V TMC2208J4V 8 x 8 Bit MAC 

04QA TMC28KUB5V1 TMC2310G5V FFT 

5962-89711 OlJA TMC2023B7V 64-BitCorrelator TMC2310G5V1 

02JA TMC2023B7V1 TMC2310L4V 

013A TMC2023C3V TMC2310L4V1 

023A TMC2023C3V1 
OlLA TMC2023B2V 
02LA TMC2023B2V1 
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A/ 0 Converters 

TRW offers a line of high performance AID converters that addresses applications from 50kHz to 
lOOMHz. 

For video bandwidths (on the order of lOMHz), we have converters with resolutions of 4 to IO bits and 
conversion rates from I 8Msps to 1 OOMsps. We pioneered the monolithic video AID converter in 1977, 
and in 1989 received an Emmy Award for our contributions to the field of video conversion. The 
current offerings are the fourth generation products of TRW's commitment to quality video conversion. 

The high-resolution high-speed area is addressed by the THC1200 family of 12-bit converters, including l.'­
the smallest available lOMsps 12-bit AID (the THC 1202) and the unique dual-range THC 1200, which ..,.. 
provides nearly 16 bits of dynamic range at 8Msps. 

For slower high-resolution applications, several new low-power CMOS A/Ds include built-in 
Track/Hold circuits: the TMC1061 converts at over 500ksps with 10-bit resolution, while the 
TMC1251/12451 produce 12=bits-pluscsign at 83ksps. The TMC12441 and TMC12451 are tested and 
specified especially for DSP applications. 

The TDCI035 is an an innovative new product that digitizes the peak value of a pulse (as narrow as 
12ns) that occurs any time during a user-defined "window". It is ideal for high-energy physics 
instrumentation, electronic warfare, and instrumentation. 

Conv RMS/RMS 
Resolution Rate 1 ·2 SNR 1 

Product !Bits) IMsps) Id BJ Package Grade 2 Notes Page 

TDC1044 25 B9, N9 16 Pin DIP C, V, SMD A103 

TDC1046 25 33 BB lB Pin DIP C, V, SMD Al13 

TDC1029 100 33 B7 24 Pin CERDIP c 50MHz Input Bandwidth, ECL Interface. A67 

TDC1047 20 39 B7 24 Pin CERDIP C, V A121 

TDC1147 15 36 B7 24 Pin CERDIP C, V No Pipeline Delay. Well Suited to A241 
Subranging Converter Applications. 

TDC1001 2.5 BB 18 Pin CERDIP C, A 3 Successive Approximation Converter. A3 

TDC1025 50 44 Cl 68 Contact CC C, A EGL Interface. A51 
L1 68 Lead CC C,A 

TDC1035 B7 24 Pin CERDIP C, V Peak Digitizer. Digitizes Peak Value of A77 
Pulses as Narrow as 12ns. 

TDC1038 20 45 B6, N6 28 Pin DIP C, V Low Power Version of TDC1048. A85 
R3 28 Lead PLCC c 
El Evaluation Board c 

TDC1048 20 45 B6, N6 28 Pin DIP C, V, SMD Industry Standard Video A/0. A131 
C3 28 Contact CC C, V, SMD 
R3 28 Lead PLCC c 
El Evaluation Board c 

TDC1058 20 45 86, N6 28 Pin DIP c New Industry-Standard Video AID. A 163 
R3 28 Lead PLCC c Single + 5V Power Supply. 
El Evaluation Board c TDCl 048 Performance Equivalent. 

THC1068 25 44 S7 24 Pin DIP C, V Complete AID System, with Input Amplifier, A 191 
El Evaluation Board c Reference, and Output Register. 

Notes: 1. Guaranteed. See product spec1f1cat1ons for test conditions. 

2. A=H1gh Reliability, Tc=-55°C to 125°C. 
B =Industrial, TC= -25°C to 85°C. 
C=Commerc1al, TA=0°C to 70°C. 
F=Extended Temperature Range, Tc= -55°C to 125°C. 
V= MIL-STD-883 Compliant, Tc= -55°C to 125°C 
SMD =Available per Standardized Military Drawing, Tc= - 55°C to 125°C. 

3. A= High Reliability, Tc= -20°C to 95°C. 
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A/D Converters ii~irir 

Conv RMS/RMS 
Resolution Rate 1•2 SNR 1 

Product (Bits) (Msps) (dB) Package Grade 2 Notes Page 

TMC1175 30 45 N2 24 Pin DIP C, V Low Power CMOS Video AID A251 
R3 28 Lead PLCC c with Integral Track/Hold. 
El Evaluation Board c 

TDC1049 30 48 JO 64 Pin DIP C, V, SMD EGL Interface. A147 
Cl 68 Contact CC C, V, SMD 
GS 68 Pin PGA C, V 
El Evaluation Board c 

THC1069 37 47 S5 32 Pin DIP B, V Complete AID System, with Input Amplifier, A207 
El Evaluation Board c Reference, and Output Register. 

TMC1061 10 0.56 B3, N3 20 Pin DIP B, F Monolithic CMOS Sampling AID Converter A179 
M3 20 Pin SOIC B with Integral Track/Hold. 
El Evaluation Board c 

TDC1020 10 20 55 Jl 64 pin DIP C, V Monolithic Video AID, TTL Interface, A31 
GO 68 Pin PGA C, V ± 2V Input Range. 
El Evaluation Board c 

TAC1020 10 20 55 P3 Module c Low Power Replacement for MOD-1020. A19 

THC1070 10 25 54 S5 32 Pin DIP B, V Complete AID System with Input Amplifier A223 
El Evaluation Board c and Reference. TTL Interface. 

TAC1025 10 25 55 P3 Module c Low Power Replacement for ZAD 1025. A19 

THC1200 12 62 S3 46 Pin DIP B, V Complete AID System with TIH and A253 
El Evaluation Board c Reference. High-Speed Selectable Dual Input 

Range I± 0.167V and ± 2.5V). 

THC1201 12 10 62 S3 46 Pin DIP B, V Complete AID System with TIH and A271 
El Evaluation Board c Reference. ± 1.0V Input Range. 

THC1202 12 10 62 S3 40 Pin DIP B, V Low Cost Complete AID System with T/H A287 
El Evaluation Board c and Reference. Smallest Available at 

10Msps. 

TMC1241 12+Sign 0.051 BB 28 Pin CERDIP B, F Monolithic CMOS AID with Integral A305 
El Evaluation Board c Track/Hold. 

TMC12441 12+Sign 0.051 76.5 B6 28 Pin CEROIP B, F Specified and Tested for DSP Applications. A337 
El Evaluation Board c 

TMC1251 12+Sign 0.083 B7 24 Pin CERDIP B, F Monolithic CMOS AID with Integral A319 
El Evaluation Board c Track/Hold. 8-Bit Microprocessor Interlace. 

TMC12451 12+Sign 0.083 73.5 87 24 Pin CERDIP B, F Specified and Tested for DSP Applications. A355 
El Evaluation Board c 

Notes: 1. Guaranteed. See product specifications for test conditions. 

A= High Reliability, Tc= - 55°C to 125°C. 
·B=lndustrial, Tc= -25°C to 85°C. 
C= Commercial, TA= 0°C to 70°C. 
F=Extended Temperature Range, Tc= -55°C to 125°C. 
V = MIL-STD-883 Compliant, Tc= - 55°C to 125°C 
SMD =Available per Standard11ed Military Drawing, TC= -55°C to 125°C. 
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TDC1001 (40Dns) II~·· 
Successive Approximation A/D Converter 
8-Bit, 2.5Msps 

The TRW TDC1001 analog-to-digital converter is a high­
speed, 8-bit successive approximation device. This bipolar, 
mnnnlithir rnn11PrtPr nffp" ~innifir'1nt '1rh1'1nt'1nP~ in ~i7P 
···-··-··~···- --···-· ~-· -··-·- ---=1·····--··~ --·-··~--.:J-- ... -·-~, 

cost. and performance, as well as high reliability and 
low-power consumption. 

All digital interfaces are TTL compatible. A single 
+ 5VDC supply is required by the digital circuitry while 
- 5VDC is required by the analog portion of the device. 
The analog and digital ground planes are internally 
isolated. 

The TDC1001 consists of a comparator, reference buffer, 
8-bit D/A converter, successive approximation register, 
output register, and control circuitry. 

Functional Block Diagram 

Features 
• 8-Bit Resolution 
• Binary Output Coding 
• TTL Compatible 
• ± 1 /2 LSB Linearity 
• Parallel Output Register 
• 600mW Power Dissipation 
• Available In An 18 Pin CERDI P Package 

Applications 
• Microprocessor Systems 
• Numerical Control Interface 
• Data Acquisition Systems 

COMP VEE Vee AGNO OGNO 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 
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1--,<-t.i REGISTER ------ Oo-7 

..----1,..._--1• BUSY 

r--...... ,.....i-1--- START CONVERT 
CONTROL 

L. ___ J ... 1-j-- CLOCK 
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Phone: 16191 457-1000 
FAX: 1619) 455-6314 
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TDC1001 

Pin Assignments 

Vee 1 
SC 2 

IMSBI 07 3 
05 4 
05 5 
04 6 
03 7 
D2 B 
D1 9 

18 CLK 
17 VEE 
16 V1N 
15 AGND 
14 COMP 
13 REF 
12 BUSY 
11 Do (LSBI 
10 DGND 

18 Pin CERDIP - BB Package 

Functional Description 

General Information 

The TDC1001 consists of six functional sections: 
comparator for the analog input, reference buffer, 8-bit 
D/A converter (DAC). successive approximation register 
(SAR). output register, and control circuitry. The SAR and 
comparator will sequentially compare the analog input to 
the DAC output. The conversion process requires nine 
clock cycles. 

Power 

The TDC1001 operates from separate analog and digital 
power supplies. Analog power (VEE) is - 5.0VDC and 
digital power (Vccl is + 5.0VDC. All power and ground 
pins must be connected. 

Separate decoupling for each supply is recommended. 
The return for IEE· the current drawn from the VEE 
supply, is AGND· The return for Ice. the current drawn 
from the Vee supply, is DGND· 

Reference 

The TDC1001 accepts a nominal input reference voltage 
of - 0. 5VDC. The voltage should be supplied by a 
precision voltage reference, as the accuracy of this 
voltage will have a significant effect on the overall 
accuracy of the system. The reference voltage input pin 
should be bypassed to AGND as close as possible to the 
device terminal. 

4 

Analog Input 

The analog input range of the device is set by the 
reference voltage. This is nominally -0.5VDC with an 
absolute tolerance of ±0.1VDC. Since the device is a 
successive approximation type AID converter, a sample­
and-hold circuit may be required in some applications. 

Conversion Timing Description 

The timing sequence of the TDC1001 is typical of 
successive approximation converters. Nine clock cycles 
are required for each conversion. Start Convert must 
transition from LOW to HIGH a minimum of ts prior to 
the leading edge of the first convert pulse, and must 
remain HIGH a minimum of tH after the edge. 

This first cycle clears the BUSY flag and prepares the 
device for a new conversion. The following eight clock 
cycles convert each data bit (MSB first, LSB last). During 
these eight clock cycles, the analog input must be held 
stable (to within 1 /2 LSB). At to nanoseconds after the 
rising edge of the eighth clock pulse, the seven most 
significant bits are valid (and the BUSY signal goes 
LOW). At to nanoseconds after the ninth clock pulse the 
LSB is valid, and the conversion is completed. 

Data Outputs 

The outputs of the TDC1001 are TTL compatible and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads or the equivalent. The outputs hold the 
previous data a minimum time (to) after the rising edge 
of Start Convert (SC). 

Compensation Pin 

The COMPensation pin (COMP). is provided for external 
compensation of the internal reference amplifier. 

The compensation capacitor must be connected between 
this pin and Vff A tantalum capacitor greater than 
10µF is recommended for proper operation. 

Output Coding 

An analog input voltage of O.OV will produce a digital 
output code of all zeros; an analog input voltage of 
- 0.50V will produce a digital output code of all ones. 

TRW LSI Products Inc. 



TDC1001 

Package Interconnections 

Signal Signal 
Type Name Function Value BB Package Pins 

Power 

Reference 

Analog Input 

Conversion Timing Description 

Outputs 

Compensation 

Figure 1. Timing Diagram 

INPIJT 
CLOCK 

CLOCK I 
PERIOD----

VEE 

Vee 

AGND 

DGND 

VRFF 

V1N 

SC 

BUSY 

CLK 

D1 
Ds 

D5 

D4 

D3 

D2 

Dl 

Do 

COMP 

Analog Supply Voltage -5.0VDC 

Digital Supply Voltage + 5.0VDC 

Analog Ground O.OVDC 

Digital Ground O.OVDC 

Reference Voltage Input -0.5VDC 

Analog Input 0 to -0.5V 

Start Convert Input TTL 

Busy Flag Output TTL 

Convert Clock Input TTL 

MSB Output TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

LSB Output TTL 

Compensation Pin >lo,,F 

4 I 5 I 9 I 

START 
CONVERT ·+·· ~~~~~~~~~~~~~--.Jf\~~~-

1 I 
INPIJT 
SIGNAL 

1--~~~~-l-NPIJ~T-Sl_GN_A_LS_T_AB_LE~~~~~~~~-~ ANALOG } INPIJT 

DATA cry_, OUTPUT 

LSB DATA 
Do OUTPUT 

BUSY I OUTPUT 

TRW LSI Products Inc. 

DATA VALID !PREVIOUS CONVERSION) 

LSB DATA VALID !PREVIOUS CONVERSION) 

~to 
NEW DATA 
VALID 

NEW DATA 
VALID 
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10 

13 

16 

2 

12 

18 
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5 

6 
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9 
11 
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TDC1001 

Figure 2. Simplified Analog Input Equivalent Circuit 

>---4----------------- AGND 

250rl 

Figure 3. Digital Input Equivalent Circuit 

Vee 

25K 
11.5K 

6 

Figure 4. Output Circuits 

DAC OUT 

TO 
OUTPUT 

+Vee 

810rl 

PIN o--.....--M--.. 

40pF 1N3062 

TEST LOAD FDR DELAY 
MEASUREMENTS 
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TDC1001 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage 

Vee !measured to OGNol... ............................................................................................................................................................................................... 0 to +6.0V 

VEE !measured to AGNOI ................................................................................................................................................................................................... 0 to -6.0V 

AGNO !measured to OGNOI ...................................................................................................................................................................................... -0.5 to + 0.5V 

Input Voltages 

CLK, SC !measured to OGNDI .................. . 

VIN· VRFF !measured to AGNO) ... . 

.. ............................................................................................................................ -0.5 to +5.5V I.'-
...................................... . +0.5V to VEEV ~ 

Output 

Applied voltage !measured to OGNoJ ..................................................................................................................................................................... -0.5 to +5.5V2 

Applied current, externally forced .................................................................................................................................................................. -1.0 to +6.0mA3A 

Short circuit duration !single output in high state to OGNOI ............................................................................................................................................... 1 sec 

Temperature 

Notes 

Operating, case ............................................................................................................................................................................................................ -60 to + 141l°C 

junction ...................................................................................................................................................................................................................... + 175°C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................... +300°C 

Storage .......................................................................................................................................................................................................................... -65 to + 150°C 

Absolute maximum ratings are l1m1t1ng values applied 1nd1vidually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

Applied voltage must be current limited to specified range. 

Forcing voltage must be limned to specified range 

Current 1s specified as positive when flowing into the device 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage 4.5 5.0 5.5 4.5 5.0 5.5 v 
VEE Negative Supply Voltage -4.75 -5.0 -5.25 -4.75 -5.0 -5.25 v 
AGNO Analog Ground Voltage !Measured to OGNOI -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 

tpwL Clock Pulse Width, LOW 20 20 ns 

tpwH Clock Pulse Width, HIGH 20 20 ns 

ts Start Convert, Set-Up Time 7 7 ns 

tH Start Convert, Hold Time 16 16 ns 

VIL Input Voltage, Logic LOW O.B O.B v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

VREF Reference Voltage -0.4 -0.5 -0.6 -0.4 -0.5 -0.6 v 
VIN Analog Input Voltage 0.0 -0.6 0.0 -0.6 v 

TA Ambient Temperature, Still Air 0 + 70 oc 
Tc Case Temperature -20 +95 oc 

TRW LSI Products Inc. 7 



TDC1001 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Ice Positive Supply Current V CC = MAX, Static 1 40 40 mA 

IEE Negative Supply Current VEE = MAX, Tc ~ -20°c to +85°C -80 -80 mA 

IBIAS Analog Input Bias Current 10 10 µA 

1REF Reference Current VREF = NOM 2.5 2.5 µA 

RAEF Total Reference Resistance 200 200 kOhms 

R1N Analog Input Equivalent Resistance VREF = NOM 50 50 kOhms 

C1N Analog Input Capacitance 10 10 pF 

Ill Input Current, Logic LOW Vee = MAX, Vi - 0.5V -1.0 ,to mA 

1!H Input Current, Logic HIGH Vee = MAX, Vi = 2.4V 75 75 µA 

Vol Output Voltage, Logic LOW V CC = MIN, loL = MAX 0.5 0.5 v 
VoH Output Voltage, logic HIGH Vee = MIN, loH = MAX 2.4 2.4 v 

las Output Short Circuit Current -25 -25 mA 

Note: 
1. Worst case, all digital inputs and outputs LOW 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Clock Rate Vee. VEE • MIN 22.5 22.5 MHz 

tc Conversion Time Vee, VEE = MIN 400 400 ns 

to Digital Output Delay Vee. VEE • MIN 60 60 ns 

r-J(JIP 

IJ11ly rim tall111q eil1w nl BUSY rs tester! 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

~LI linearity Error Integral, Independent Vee. VEE = NOM 0.2 0.2 % 

ELD linearity Error Differential 0.2 0.2 % 

Tes Gain Temperature Coefficient Vee' VEE • NOM +10 + 10 ppm/°C 

Ea Offset Voltage ±7 ±7 mV 

Teo Offset Tern perature Coefficient Vee. VEE • NOM -10 -10 µV/°C 

EG Gain Error 1.5 2.0 % 

Tc1s IBIAS Temperature Coefficient Vee. VEE = NOM -1.0 -1.0 %/oC 

8 TRW LSI Products Inc. 



TDC1001 

Application 

The TDC1001 is a high-speed, TTL compatible. SAR type AID 
converter. The combination of very small analog signals and 
high-speed digital circuitry requires careful design of 
supporting analog/digital circuitry Proper physical component 
layout, trace routing, and provision for sizeable analog and 
digital grounds are as important as the electrical design 

Two key design areas for fast, accurate AID conversion are 
timing and grounding. The timing requirements ior this cievirn 
are detailed in Figure 1. Proper grounding is highly dependent 
on the board's mechanical layout and design constraints. In 
general, the noise associated with improper digital and analog 
ground isolation is synchronous with the clock and appears on 
the analog input. 

Proper Design Practices Include: 

• Sensitive signals such as clock, start convert, analog input, 
and reference should be properly routed and terminated to 
minimize ground noise pick-up and crosstalk. IWirewrap is 
not recommended for these signals). 

TRW LSI Products Inc. 

• Analog and digital ground planes should be substantial and 
common at one point only. Analog and digital power 
supplies should be referenced to their respective ground 
planes. 

• Reference voltage should be stable and free of noise. 
Accuracy of the conversion is highly dependent on the I.'-;. 
integrity of this signal. ~ 

• The analog input should be driven from a low-impedance 
source 1<25 Ohms). This will minimize the possibility of 
picking up extraneous noise. 

• Ceramic high frequency bypass capacitors I0.001 to 0.01µFI 
should be used at the input pins of Vee. VEE, and REF. All 
pins should be bypassed to AGND except Vee. 

• A tantalum capacitor of greater than 1 OµF should be 
connected from COMP lpin 141 to Vff 

9 



TDC1001 

Figure 5. Typical Interface Circuit 

LSD4 

JO 
7 
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B LS161 
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D 
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CLK 15 
INPUT 2 

TC 

ANALOG . 
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01 

'Full Scale Adjustment 

Parts List 

Resistors 

Rl 009 Ohms 1% 
R2 100 Ohms 
R3 1.33 kOhms 1% 
R4 2.49 kOhms 1% 

Capacitors 

Cl, CJ, C5 10.0 µF 25V 
C2, C4 0.001 µF 50V 
cs 0.005 µF 50V 

Integrated Circuits 

Ul TOC1001J8 
U2 74LS161 
U3 74LS04 
01 LM113-1.22 

10 

-~·-· 
··~·· 

-----------1---0 +5VDC 
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BUSY Vee 
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16 
VIN 

15 
AGNO REF COMP 

13 14 
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C5 

R3 R2 

R4 
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1/BW 
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1/BW 
1/BW 

TRW 8-bit AID Converter 
TTL 4-bit Counter 
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TDC1001 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1001B8C STD-TA=0°C to 10°c Commercial 18 Pin CERDIP 100188C 

TDC1001B8A EXT-Tc= -55°C to 125°C High Reliability 18 Pin CERDIP 1001B8A 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the .. 
component can reasonably be expected to result in personal in1ury The user of TRW LSI Products Inc. components rn life support applications assumes all risk of .l 
such use and 1ndemnif1es TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 11 
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TDC1002 (1µsec) 
Discontinued - Use TDC1001 for New Designs 

Successive Approximation 
AID Converter 
8-Bit, 2.5MSPS 

The TRW TDC1002 analog-to-digital converter is a 
high-speed, 8-bit successive approx1mat1on device. This 
bipolar, monolithic converter offers significant advantages in 
size, cost, and performance, as well as high reliability and 
low-power consumption. 

All digital interfaces are TTL compatible. A single +5VDC 
supply is required by the digital circuitry while -5VDC is 
required by the analog portion of the device. The analog and 
digital ground planes are internally isolated. 

The TDC1002 consists of a comparator, reference buffer, 8-bit 
DIA converter, successive approximation register, output 
register, and control circuitry. 

Functional Block Diagram 

TRW LSI Products Inc. 
P.O. Box 2472 
la Jolla, CA 92038 

Features 

• 8-Bit Resolution 

• Binary Output Coding 

• TTL Compatible 

• ± 1/2 LSB Linearity 

• Parallel Output Register 

• 600mW Power Dissipation 

• Available In 18 Lead DIP 

Applications 

• Microprocessor Systems 

• Numerical Control Interface 

• Data Acquisition Systems 

REGISTER ..._ __ ..._,.__.. Do_ 7 

Phone: 16191 457-1000 
Telex: 697-957 
TWX: 910-335-1571 

CDNTRDL 

.----+----1• BUSY 

START CONVERT 

CLOCK 

13 
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TDC1007 
Use TDC1048, TDC1038, TDC1058, 
TMC1175 for New Designs 

Monolithic Video A/D Converter 
8-Bit, 20Msps 

The TDC1007 is an 8-bit fully parallel !flash) analog-to­
digital converter, capable of digitizing an input signal at 
rates up to 20ivisps iiviegaSampies Per Second). it 
will operate accurately without the use of an external 
sample-and-hold amplifier, with analog input signals 
having frequency components up to 7MHz. 

A single CONVert iCONV) signal controls the conversion 
operation of the device which consists of 255 sampling 
comparators, encoding logic, and a latched output buffer 
register. The device will recover from a full-scale input 
step in 20ns. Control inputs are provided to format the 
output in binary, two's complement, or inverse data 
coding formats. 

The TDC1007 is patented under U.S. Patent No. 
3283170 with other patents pending. 

Functional Block Diagram 

Features 
• 8-Bit Resolution 
• Conversion Rates Up To 20Msps 
• Sample-And-Hold Amplifier Not Required 
• Bipo!ar ~J1onolithic Construct;o11 
• TTL Compatible Inputs And Outputs 
• Binary Or Two's Complement Mode 
• Differential Phase= 1.0 Degree 
• Differential Gain= 1.7 % 

Applications 
• Video Systems 3x Or 4x Subcarrier, NTSC Or PAL 
• Radar Systems 
• High-Speed Multiplexed Data Acquisition 
• Digital Signal Processing 

NMINV;>-----------------, 
NLINV>----------------.. 
CONV;>----------.---....-----+-1-----~ 

V1N ~r::::::=:;---;:::i----h 
R1 

RM 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

• • • 

• • • 

o, 

255 TO B 
ENCODER 

D2-B 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 

LATCH 01-e 

©TRW Inc. 1990 
40G00276 Rev. F-11 /90 
Printed in the U.S.A. 
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TDC1014 
Use TDC1046 for New Designs 

Monolithic Video AID Converter 
6-Bit, 25MSPS 

Features 

• 6- Bit Resolution 
• 1/4 LSB Linearity 

The TRW TDC1014 is a 25 MegaSample Per Second IMSPSI 
full-parallel If/ash I analog-to -digital converter, capable of 
converting an analog signal with full-power trequency 
components up to 12MHz into 6-bit digital words. A 
sample-and-hold circuit is not necessary. All digital inputs and 
outputs are TTL compatible. 

• Sample-And-Hold Circuit Not Required 

The TDC1014 consists of 63 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in binary or 
offset two's complement coding. 

Note: TRW recommends the use of the TDC1046 for new 
designs. 

Functional Block Diagram 
NMINV 

• TTL Compatible 
• 25MSPS Conversion Rate 
• Selectable Output Format 

• Available In 24 Lead CEROIP 

Applications 

• Low- Cost Video Digitizing 

• Medical Imaging 
• Data Acquisition 
• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

NLINV >-------------------.. 
CONY 

VIN 
Ry 

TRW LSI Products Inc. 
P 0 Box 2472 
La Jolla, CA 92038 

• • • 

DIFFERENTIAL 
COMPARATORS 
(63) 

• • • 

Phone: 16191 457- 1000 
Telex: 697-957 
TWX: 910-335-1571 

63 TD 6 
ENCODER LATCH 

6 
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TAC1020 and TAC1025 

Complete 10-Bit, 20 and 25 Msps 
Analog-To-Digital Converter Boards 
The TAC1020 and TAC1025 are A/D converter boards 
complete with voltage reference. input amplifier. track/ 
hold, timing generator, and output registers. They are 
direct replacements for the Analog Devices MOD-1020 and 
offer significant performance improvements while reducing 
power consumption by more than 50%. Based on TRW's 
TDC1020 10-bit flash A/D converter, the TAC1020 achieves 
a 20 Msps (Mega samples per second) conversion rate and 
the TAC1025 converts at 25 Msps. 

The TAC1020 has the exact timing and output 
characteristics of the MOD-1020. The TAC1025 employs 
simple pipeline timing which results in a higher conversion 
rate. All outputs of the TAC1020 are differential ECL 
compatible and the output format is unsigned magnitude. 

Features 

• Direct Replacement For MOD-1020 
• 10-Bit Resolution 
• 20 Msps Conversion Rate For TAC1020 
• 25 Msps Conversion Rate For TAC1025 
• Only Two Power Supplies Required: +5 And -5.2 Volts 
• Power Consumption Reduced By More Than 50% 
• Adjustable Input Range And Offset 
• 500 Or 1 kQ Input Impedance 
• Complete With Voltage Reference And Track/Hold Stage 
• Bandwidth Greater Than 60MHz 
• Differential ECL Input And Outputs 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla. CA 92038 

... ~·-· ••••• 
Applications 

• fvledicai imaging Systems 
• High Quality Video 
• Data Acquisition Systems 
• Test Equipment 
• Digital Communications 
• Spectrum Analysis 

Pin Assignments 

Pin Function Pin Function 

1 GND 19 Bit8 

2 ENCODE 20 Bit7 

3 ENCODE 21 Bit7 

4 GND 22 Bit6 

5 VEE 23 Bit6 

6 N/C (See note 1.) 24 Bit 5 

7 N/C (See note 1.) 25 Bit5 

8 GND 26 Bit4 

9 A1N1 27 Bit4 

10 AIN2 28 Bit3 

11 Vee 29 Bit3 

12 GND 30 Bit2 

13 GND 31 Bit 2 

14 Bit 10 (LSB) 32 Bit 1 (MSB) 

15 Bit 10 (LSB) 33 Bit 1 (MSB) 

16 Bit 9 34 DR 

17 Bit9 35 GND 

18 Bit8 36 DR 

Note: 1. ±15V supplies are not required with the TAC1020 and 

Phone: (619)457-1000 
FAX: (619) 455-6314 

TAC1025. For compatibility with the MOD-1020, pins 6 
and 7 may be connected to+ 15 and -15 Volts without 
damage. 
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TAC1020 and TAC1025 

Functional Block Diagram, TAC1020 

REFERENCE 

OFFSET 

TIMING t-------- DR 
GENERATOR i-------- DR 

ENCODE ~,----------------t~~~~~~~------------1 

Functional Block Diagram, TAC1025 

20 

OFFSET 

ENCODE >----------------------1""---,_ ________ DR 
TIMING 

GENERATOR 
ENCODE ~--------------------i. ___ _J--------.DR 
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TAC1020 and TAC1025 

Functional Description 

General Information 

The TAC1 D2D and TAC1 D25 are complete Analog-to-Digital 
converter boards that are based upon TRW's TDC102D 
monolithic flash converter integrated circuit. A wideband 
input amplifier, track/hold, voltage reference, timing and 
output circuits are included on the boards to make the 
T.L\.C1020 and Tl~.c1025 comp!ete and very easy to use. 
The TAC1D2D is rated at 2D Msps and has been designed 
to match the timing and output characteristics of the MOD-
102D board. The TAC1D25 achieves 25 Msps by using a 
simplified pipeline data output design. 

Analog Inputs 

The analog input to the TAC102D and TAC1 D25 has an 
equivalent circuit as shown in the Functional Block 
Diagram. Input impedances and voltage ranges are 
selected by using combinations of the two analog inputs, 
A1N1 and AIN2· A 1 kQ input impedance with a 2 Volt 
peak-to-peak input range is available from either A1N1 or 
AIN2· A 5DDQ input impedance with a 1 Volt peak-to-peak 
input range is achieved by connecting both input pins 
together. These inputs may also be used to sum two 
analog signals. 

The GAIN potentiometer affords a ±25% adjustment to the 
input range. The analog input range is factory-adjusted for 
±0.5 Volts with input signals applied to A1N1 and AIN2 
simultaneously. The OFFSET adjustment is factory­
adjusted for D.D Volts. The OFFSET control has sufficient 
adjustment range to allow the board to be used with a 
unipolar input ranges of either polarity. 

The on-board reference voltages for the T AC1 D2D and 
TAC1 D25 are calibrated at the factory to optimize linearity. 
Fixed and variable resistors are used to set voltage levels. 
Changing these resistors is discouraged because AC and 
DC performance will degrade. 

TRW LSI Products Inc. 

Encode Command 

The ENCODE input to the TAC102D and TAC1025 is 
differential 1 DK EGL-compatible with a 1 DDQ input 
impedance between ENCODE and ENCODE (pins 2 and 3). 
The on-board track/hold goes into HOLD after the rising 
edge of ENCODE. In the TAC1 D2D, the on-board timing 
generator then takes over the rest of the conversion cycle 

~~~~;~~:;:;.~ ~~~~e t~.~.~1u6j~ts according to the f)I 
The TAC1025 is also controlled by the rising edge of 
ENCODE, but data progresses through the TAC1 D25 and 
emerges at its outputs synchronously with respect to 
ENCODE. The Timing Diagram of the TAC1 D25 shows the 
simple pipeline data flow. There are minimum pulse width 
requirements (tPWH, tpwL) for the ENCODE signal for 
both TAC1D2D and TAC1025. 

Outputs and Timing 

The outputs of the TAC1D2D and TAC1025 are differential 
1 DK ECL-compatible, capable of driving 75 to 1 DDQ loads 
connected from each data output to its complement. D21ta 
skew between bits is held to within 5 nanoseconds. The 
output data from the TAC102D is valid at the falling edge of 
DR (pin 36). Data from the TAC1025 is synchronous with 
respect to the rising edge of ENCODE. 

Power and Thermal Considerations 

The TAC102D and TAC1 D25 operates from only two supply 
voltages, +5 and -5.2 Volts. The two N/C terminals (pins 6 
and 7) have no electrical connection to circuitry on the 
board. These pins are used for+ 15 and -15 Volt power 
supplies on the MOD-102D board, but have no function on 
the T AC1 D2D and TAC1 D25. They may be connected to± 15 
Volt power supplies but no current will be drawn from the 
board. 

All power and ground pins must be connected. The 
TAC1 D2D and T AC1 D25 are rated for use at up to 7D°C in 
still air. They may be used at temperatures up to 85°C with 
5DD LFPM of moving air. 
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TAC1020 and TAC1025 

Board Interconnections 

Signal Signal 
Type Name Function Value Pin 

Power Vee +5 Volt Supply +5.0V 11 

VEE -5.2 Volt Supply -5.2V 5 

Ground GND Ground o.ov 1,4,8, 12, 13,35 

Inputs AIN1 Analog Input see text 9 

AIN2 Analog Input see text 10 

ENCODE Convert Clock ECL 2 

ENCODE Convert Clock ECL 3 

Outputs DR Data Ready ECL 36 

DR Data Ready ECL 34 

Bit 1 MSB ECL 33 

Bit 1 MSB ECL 32 

Bit 2 ECL 30 

Bit 2 ECL 31 

Bit3 ECL 28 

Bit 3 ECL 29 

Bit4 ECL 27 

Bit 4 ECL 26 

Bit 5 ECL 25 

Bit 5 ECL 24 

Bit 6 ECL 23 

Bit 6 EGL 22 

Bit 7 EGL 20 

Bit 7 EGL 21 

Bit 8 ECL 18 

Bit 8 ECL 19 

Bit 9 ECL 16 

Bit 9 EGL 17 

Bit 10 LSB ECL 14 

Bit 10 LSB ECL 15 

NC Not Connected open 6,7 
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TAC1020 and TAC1025 

Figure 1. Timing Diagram, TAC1020 

SAMPLE I SAMP(E 
N N+1 I 

A1N ••• J --? I 

I SAMPLE 
N+2 

.µ__ _____ __,---~~------+1~----~~----~~--
--1 1.-tsro I I 1 I 

01.10 __________________ TI>ct_1~ ....... ..,....o ... ~ ... AXXX ................... ~A--:~ .... OO---....... o--NA ... :: ... )C_ 
1HDID 

to 

DR 

Figure 2. Timing Diagram, TAC1025 

• 1 c: 1PWH 1PWL 1 I 
SAMPLE SAMPLE 

CONY SAMPLE I N+1 I ;+2 I 
... _ ~~ I ~-~-

-1 ~tsro i I I ~1 
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TAC1020 and TAC1025 

Output Coding Table 

D1 .. •D10 
YIN MSB LSB 

:>1.000V 1111111111. 
1.000V 1111111111 
0.998 v 1111111110 

0.002 v 1000000000 
o.ooov 0111111111 

--0.002 v 0111111110 

--0.998 v 0000000001 . 
-1.000V 0000000000 

Notes: 1. 2 Volt peak-to-peak input range, A!N1 or A!N2· 
2. Voltages are at code centers. 

Figure 3. ENCODE Input Equivalent Circuit 

·5.2V 

24 

-. ·~·-· ••"Y.W. 

Figure 4. Digital Output Equivalent Circuit 

--------o Ox OUTPUT . 

10124 

1-----+----o Ox OUTPUT ---
·5.2V 
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TAC1020 and TAC1025 

Absolute maximum ratings (beyond which the board may be damaged)1 

Supply Voltages 

Vee ......................................................................................................................................................................................... -0.5 to +7.0V 

VEE ........................................................................................................................................................................................... +0.5 to -7.0V 

Input Voltages 

V1N1 V1N2 ........................................................................................................................................................... ·····················Vee to VEE 

ENCODE, ENCODE································································································································································· Vee to VEE 

Digital Outputs 

Applied Voltage2 +0.5V to VEE 

Applied Current3 50mA 

Short-circuit duration (single output to GND) ................................................................................... ., ........................................ 1 sec 

Notes Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only 1f the Operating Conditions are not 
exceeded. 

2. Applied voltage must be current limited to specified range 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 

Operating conditions 1 

Parameter Conditions Min Norn Max Unit 

Vee Positive Supply Voltage 4.75 5.0 5.25 v 
VEE Negative Supply Voltage -5.0 -5.2 -5.5 v 
V1N Analog Input Voltage Range AINl =AIN2 ±0.5 v 

AINl or AIN2 ±1.0 v 

tPWL ENCODE Pulse Width.LOW 15 ns 

tPWH ENCODE Pulse Width, HIGH 10 ns 

ENCODE Signal Duty Cycle 70 % 

!RT ENCODE Pulse Rise Time 5 ns 

tFT ENCODE Pulse Fall Time 5 ns 

V1L Input Voltage, Logic LOW -1.7 v 
V1H Input Voltage, Logic HIGH -0.9 v 
RL Output Load Resistance Line-to-Line 75 Q 

TA Ambient Temperature 0 70 oc 

TRW LSI Products Inc. 25 



TAC1020 and TAC1025 

Electrical characteristics1 

Parameter Conditions Min Typ Max Unit 

R1N Analog Input Resistance2 AINl =AIN2 495 500 505 Q 

AINl orA1N2 990 1000 1010 Q 

C1N Input Capacitance A1N1.A1N2 15 pF 

VoH Output Voltage, Logic HIGH 75Q Line-to-Line -0.9 v 
VOL Output Voltage, Logic LOW 75Q Line-to-Line -1.7 v 
TAC1020 

ice Positive Supply Current2 800 1100 mA 

IEE Negative Supply Current2 750 1000 mA 

Po Power Dissipation Vee. VEE= Max 7.9 11.3W 

TAC1025 

ice Positive Supply Current2 700 800 mA 

IEE Negative Supply Current2 825 900 mA 

Po Power Dissipation Vee. VEE= Max 7.8 9.2W 

Notes: 1. Unless otherwise specified. parameters are guaranteed for TA= 0°e to +70'e. Vee= +5.0 Volts, VEE= -5.2 Volts. 

2. TA= 25°e only. 

3. Factory potentiometer adjustment. 

Switching characteristics1 

Parameter Conditions Min Typ Max Unit 

too Data Output Delay Time2 CLQAD = 50pF 5 ns 

tR Digital Output Rise Time 5 ns 

tF Digital Output Fall Time 5 ns 

TAC1020 

ts Maximum Conversion Rate Vcc=VEE=Min 20 Msps 

tsro Sampling Time Offset 3 5 7 ns 

tDRH Data Ready Pulse Width 20 Msps 22 25 28 ns 

TAC1025 

ts Maximum Conversion Rate Vcc=VEE=Min 25 Msps 

tsro Sampling Time Offset 2 2.5 3 ns 

tDRH Data Ready Pulse Width 25 Msps 17 20 26 ns 

Notes: 1. Unless otherwise specified, parameter~ are guaranteed for TA= 0°e to +70°e, Vee= +5.0 Volts. VEE= -5.2 Volts. 

2. TA= 25'e only. 

3. Factory potentiometer adjustment. 
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TAC1020 and TAC1025 

System performance characteristics1 

Parameter Conditions Min Norn Max Units 

LSB LSB Weight lV Input Range 1 mV 

2V Input Range 2 mV 

ELD Differential Linearity2 ±0.6 ±1.0 LSB 

Ere Linearity Tempco 5 ppm/°C 

EG Gain Error3 ±2 %FS 

Arc Gain Tempco 150 ppm!°C 

Vos Offset Voltage3 ±15 mV 

TCoF OffsetTempco 100 ppm/°C 

EAP Aperture Error 2 5 ps 

trn Transient Response to .1%, FS step 20 ns 

tOVR Overload Recovery to .1 % 2xFS step 20 ns 

BW -3dB Input BW Full-Scale Input 60 MHz 

-40dBc Input 70 MHz 

TAC1020 
SFDR Spurious Free Dynamic Range, 

ts= 20 Msps2 

t1N = 500kHz 64 68.9 dB 

t1N =5.0MHz 58 61.3 dB 

SINAD Signal-to-Noise and Distortion 

Ratio, ts = 20 Msps2 

t1N = 500kHz 55 58.1 dB 

t1N = 5.0MHz 50 55.7 dB 

TAC1025 
SFDR Spurious Free Dynamic Range, 

ts= 20 Msps2 

t1N = 500kHz 64 68.9 dB 

t1N = 5.0MHz 53 60.7 dB 

t1N = lOMHz 49 53.2 dB 

SINAD Signal-to-Noise and Distortion 

Ratio, ts = 20 Msps2 

t1N = 500kHz 55 58.2 dB 

t1N = 5.0MHz 51 55.4 dB 

tJN = lOMHz 46 49.1 dB 

Notes: 1. Unless otherwise specified, parameters are guaranteed for TA= 0°e to +70°e, Vee= +5.0 Volts, VEE= -5.2 Volts. 
2. TA= 25°C only. 
3. Factory potentiometer adjustment. 
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TAC1020 and TAC1025 

Figure 5. Mechanical Configuration 
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TAC1020 and TAC1025 

Ordering lnfonnation 

Product Number 

TAC1020P3C 
TAC1025P3C 

Description 

20 Msps AID Converter Board 
25 Msps AID Converter Board 

-~-· ...... 
Order Number 

TAC1020P3C 
TAC1025P3C 

All parameters in this specification are guaranteed by design, characterization. sample testing, or 1()()% testing, as appropriate. TRW reserves the right to make 
changes to products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc .. TRW Inc .. or others. 

Lile Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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TDC1020 

High-Speed Monolithic A/D 
Converter 
10-Bit. 20Msps 

The TRW TDC1020 is a 20Msos IMeaaSamole Per 
Second) full-parallel !flash) analog-to-digital converter, 
capable of converting a video signal into a stream of 
10-bit digital words. 

All outputs of the device are TTL compatible, and will 
provide the conversion in unsigned magnitude, or two's 
complement format, and either inverted or noninverted. 
An output signal indicating overflow condition is also 
provided for added flexibility. All digital inputs to the 
device are TTL compatible. 

Functional Block Diagram 

•,.>------~ 

., >-+-'WI-~ 
RoFS >--+--'IM-....... 

... ,__.....--w._ ....... 
"•>-+-WV---' 

TRW LSI Products Inc. 
P.O. Box 2472 
Lu Jolla, CA 92038 

Features 
• 10-Bit Resolution 
• 20Msps Conversion Rate 
• Overflow Flag 
• Sampie-And-Hoid Circuit i~ot Required 
• TTL Digital Interface 
• Selectable Output Format 

Applications 
• Medical Imaging Systems 
• Video Data Conversion 
• Radar Data Conversion 
• High-Speed Data Acquisition 
• Process Control 

10241010 
ENCODER 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

OVF,Oilf 
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TDC1020 

Functional Description 

General Information 

The TDC1020 is a flash analog-to-digital (AID) converter 
in which each of the 1024 comparators has one input 
biased at one of the transition points of the transfer 
function and all of the other comparator inputs are 
connected to the analog input signal. The output of the 
comparator array is sometimes referred to as a 
"thermometer" code as all of comparators biased at 
voltages more positive than the input voltage will be off 
and the rest will be on. The thermometer code from the 
comparator array is encoded into an 11-bit code 110 data 
bits plus an overflow bit). The format of the code that is 
encoded is determined by the format controls NMINV 
and NLINV so that the data presented to the output 
latches is in binary, two's complement or inverted data 
format. 

Power and Thermal Management 

The TDC1020 operates from two supply voltages. + 5.0V 
and - 5.2V. The bulk of the current drawn by the 
positive supply is returned through the negative supply, 
however. the positive supply should be referenced to 
digital ground IDGNOI and the negative supply to analog 
ground IAGNQ). All power and ground pins must be 
connected. The maximum power is drawn at the lower 
limit of the operating temperature range. When the 
device is being operated at elevated temperatures, the 
power dissipation drops, however. thermal management 
will then be a consideration. The TDC1020 is rated for 
operation in a 70°C ambient temperature in still air. 

The power dissipation decreases with increasing 
temperature. TRW specifies the absolute maximum IEE 
and Ice specifications in the Electrical Characteristics 
Table. The worst case conditions are Vee= 5.25V, 
VEE= - 5.5V and the case temperature equal to 0°C. 
The case temperature of 0°C is, however, a transient 
condition since the device immediately warms up and 
decreases its power dissipation, upon power up. For 
typical steady state power dissipation as a function of 
ambient temperature. please see Figure 7. 

It is possible to relax the temperature requirements of 
the device by providing adequate heat sinking. 
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Reference 

The bias voltages for the comparator array are provided 
by use of a serial chain of 1024 equal-valued resistors 
across which the reference voltage is applied. Seven 
equally separated mid-point adjustment taps are provided 
to allow the user to optimize the integral linearity of the 
device. In addition, there are sense leads on the top and 
bottom of the resistor chain which allow the user to 
minimize the offset and gain errors of the device. It is 
recommended that the user drive RM2· RM4 and RM6 
in order to obtain optimal device performance. One 
method for driving the references is shown in the 
Typical Interface Circuit. The reference top and 
reference bottom sources must be able to source or sink 
the reference current and since noise on these leads will 
lead to inaccurate conversions, they should be bypassed 
with a capacitor to AGND· There are in addition 4 more 
reference taps, the use of which is not required to obtain 
0.1 % integral linearity. It is recommended that these pins 
be left open Ina connection). 

Format Control 

There are two inputs provided on the TDC1020 which 
control the output format of the device. When NMINV is 
connected to a logic LOW. the MSB is inverted. When 
NLINV is connected to a logic LOW D2 through 010 will 
be inverted. By using various combinations of these 
commands the user can select any of the following 
output data formats: binary, inverted binary, two's 
complement, inverted two's complement. The Output 
Coding Table shows the output formats generated for 
each of the control states. 

Convert 

The analog input to the TDC1020 is sampled at a time 
tsTO after the rising edge of the CONV signal. The 
output data from the 1024 comparators is encoded into 
the proper format and the final result is transferred to 
the output latches on the next rising edge. This timing is 
shown in the Timing Diagram (Figure 1). Note that 
there are minimum LOW and HIGH requirements of the 
CONV signal ltPWH· tpwL) which must be met for 
proper device operation. In addition. the performance is 
generally improved if the CONV signal is LOW for as 
long as possible. A circuit which provides an optimized 
waveshape CONV signal to the TDC1020 is shown on 
the Typical Interface Circuit. 
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TDC1020 

Analog Input 

The analog input to the TDC1020 has an equivalent 
circuit shown in Figure 2. It should be noted that the 
major component of the input impedance is capacitance, 
and the input range is 4Vp-p. A low-impedance driving 
circuit is recommended for the TDC1020 to obtain good 
dynamic performance. All analog inputs to the TDC1020 
must be connected to insure proper operation of the A/D 
converter. 

Outputs 

The data and overflow outputs of the TDC1020 are TTL 
compatible, capable of driving four low power Schottky 

TDC1020 Package Interconnections 

Signal Signal 
Type Name Function 

Power Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference RT Reference Resistor, Top 

RoFS Overflow Sense 

RTs Reference Resistor, Top Sense 

RMl Reference Resistor, l /8 Tap 

RM2 Reference Resistor, 2/8 Tap 

RM3 Reference Resistor, 3/8 Tap 

RM4 Reference Resistor, 4/8 Tap 

RM5 Reference Resistor, 5/8 Tap 

RM6 Reference Resistor, 6/8 Tap 

RM7 Reference Resistor, 7/8 Tap 

Rs Reference Resistor, Bottom 

'·~·· 
TTL 154/74 LS) unit loads. The outputs hold the previous 
data a minimum time tHo after the rising edge of the 
CONV signal. New data becomes valid after a maximum 
delay time, to. 

No Connects 

There are several pins labelled No Connect (NC) which 
h,..,,,,... ,...,... .-.l..-.. ..... +..-:..-. ..... 1 ,..,,..,.,.., ... ,..,,..,+;,... .... +- +h.-. ,..,(.....; .... Th--- ~:~-
tlQVCJ llU VltJL.LllLQI L.Ullltt.;LUUll LU Ult:; L.lllf.J. lllt:::;)t f.11110 

should be connected to AGN o for best noise 
performance. 

Value J 1 Package Pins GO Package Pins 

5.0V 13, 14, 19, 20, 40, 58 K4, K5, L7, K8, Cl l, Bl 

-5.2V 12, 15, 16, 17, 18, 21 L3, L5, K6, L6, K7, L8 

O.OV 10, 11, 22, 23 L2, K3, L 10, KlO 

O.OV 43, 55 AlO, A3 

2.0V 59 C2 

2.0V 57 82 

2.0V 60 Cl 
1.5V I 54 83 
1.0V I 53 A4 
0.5V I 51 A5 
0.0V I 49 86 

-0.5V I 47 A8 
-1.0V I 45 AS 

1.5V I 44 89 

-2.0V 39 ClO 

Rss Reference Resistor, Bottom Sense -2.0V 41 Bll 

Format Control NMINV Not MSB Invert TTL 63 E2 

NLINV Not LSB Invert TTL 28 Jl1 

Convert CONV Convert TTL 36 011 

Analog Input VIN Analog Signal Input +2 to -2V 46, 48, 50, 52 88, 87, 85, 84 

Outputs OVF Overflow TTL 1 El 

OVF Overflow Complement TTL 2 F2 

D1 MSB Most Significant Bit TTL 3 Fl 

D2 TTL 4 G2 

D3 TTL 5 Gl 

D4 TTL 29 HlO 

D5 TTL 30 Hll 

D5 TTL 31 G11 

Note: 1. Measured values 
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TDC1020 

TDC1020 Package Interconnections (cont.) 

Signal Signal 
Type Name Function Value J1 Package Pins GO Package Pins 

Outputs 07 TTL 32 FlO 

08 TTL 33 Fl 1 

Og TTL 34 Ell 

010 LSB Least Significant Bit TTL 35 010 

No Connects NC No Connection Open 6, 7, 8, 9, 24, 25, 26, 27, H2, Hl, J2, Jl, Kl, K2, L4, 
37, 38, 42, 56, 61, 62, 64 K9, L9, Kl 1, JlO, GlO, ElO, 

810, A7, A6, A2, 02, 01 

Output Coding Table 

Binary Offset Two's Complement 

True Inverted True Inverted 
NMINV=1 NMINV=O NMINV=O NMINV=1 

Input NLINV=1 NLINV=O NLINV=1 NLINV=O 

MSB - LSB (OVF) 

>2.000V 0000000000(1) 1111111111(1) 1000000000(1) 0111111111(1) 

2.000V 0000000000(0) 1111111111(0) 1000000000(0) 0111111111(0) 

1.996V 0000000001 (0) 1111111110(0) 1000000001 (0) 0111111110(0) 

• . . • • . . • . . . . • . . 
0.004V 0111111111(0) 1 000000000(0) 1111111111(0) 0000000000(0) 

O.OOOV 1 000000000(0) 0111111111(0) 0000000000(0) 1111111111(0) 

-0.004V 1000000001 (0) 0111111110(0) 0000000001 (0) 1111111110(0) . . . . . 
• . . . • . . . • • 

-1.996V 1111111110(0) 0000000001 (0) 0111111110(0) 1000000001 (0) 

-2.000V 1111111111(0) 0000000000(0) 0111111111(0) 1000000000(0) 

Note: Input voltages are at code centers. 
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TDC1020 

Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuits 
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TDC1020 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 

Vee (measured to DGNDI .............................................................................................................................................. -0.5 to +6.0V 

VEE (measured to AGNDI .............................................................................................................................................. +5.0 to -6.0V 

AGND (measured to DGNDI ........................................................................................................................................... -1.0 to + 1.0V 

Input Voltages 

CONV, NMINV, NLINV (measured to DGNDI ............................................................................................................. -0.5 to +5.5V 

VIN (measured to AGNDI ................................................................................................................................................... Vee to VEEV 

Any reference (measured to AGNDI ................................................................................................................................ Vee to VEEV 

VRT (measured to VRBI ................................................................................................................................................. -1.0 to + 4.4V 

Output 

Applied voltage measured to DGND 2 ......................................................................................................................... - 0.5 to + 5.5V 

Applied current, externally forced 3.4 ....................................................................................................................... -1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................... 1 Second 

Sense lead current .......................................................................................................................................................... - 1.0 to 1.0mA 

Temperature 

Operating, ambient .......................................................................................................................................................... - 55 to + 90°C 

junction ....................................................................................................................................................................... + 175°C 

Lead, soldering (10 seconds) ..................................................................................................................................................... + 300°C 

Storage ........................................................................................................................................................................... - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Commercial Extended 
Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage 4.75 5.0 5.25 4.75 5.0 5.25 v 
VEE Negative Power Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage (measured to DGNDI -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tpwL eONV Pulse Width, LOW 22 22 ns 

tpwH eONV Pulse Width, HIGH 18 20 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

VRM2 Reference Tap, 1/4-Scale 0.8 1.0 1.2 0.8 1.0 1.2 v 
VRM4 Reference Tap, 1 /2-Scale -0.2 0.0 0.2 -0.2 0.0 0.2 v 
VRM6 Reference Tap, 3/4-Scale -0.8 -1.0 -1.2 -0.8 -1.0 -1.2 v 

VRT Most Positive Reference Voltage 1.8 2.0 2.2 1.8 2.0 2.2 v 
VRB Most Negative Reference Voltage -1.8 -2.0 -2.2 -1.8 -2.0 -2.2 v 
VRT-VRB Reference Voltage Differential 3.6 4.0 4.4 3.6 4.0 4.4 v 
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Operating conditions (cont.) 

Temperature Range 

Commercial Extended 
Parameter Min Norn Max Min Norn Max Units 

VIN Input Voltage Range VRB ±2.0 VRT VRB ±2.0 VRT v 
TA Ambient Temperature, C-Grade 0 70 •c 

Tc Case Temperature, V-Grade -55 125 ·c 

Electrical characteristics within specified operating conditions 

Temperature Range 

Commercial Extended 
Parameter Test Conditions Min Max Min Max Units 

'cc Total Positive Supply Current Vcc=VEE=Max 850 850 mA 

1EE Total Negative Supply Current VEE=Max -500 -500 mA 

IREF Reference Current VRT• VRs=Nom 50 50 mA 

RAEF Reference Chain Resistance VRT• VRs=Nom 80 80 Ohms 

R1N Analog Input Resistance VRT• VRs=Nom, V1N=VRB 3000 2000 Ohms 

C1N Analog Input Capacitance VRT• VRs=Nom, V1N=VRB 300 300 pF 

'cs Input Constant Bias VEE=Max 2 3 mA 

l1L Input Current, Logic LOW Vcc=Max, v1=0.5V 50 50 µA 

l1H Input Current, Logic HIGH Vcc=Max, v1=2.4V 100 100 µA 
1, Input Current, Maximum Vee= Max, v1=5.25V 100 100 µA 

Vol Output Voltage, Logic LOW Vee= Min, loL =Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee= Min, loL =Max 2.4 2.4 v 

'os Short-Circuit Output Current Vee= Max, output HIGH, one pin to -35 -35 mA 
ground, one second duration max. 

c, Digital Input Capacitance TA=25°C, f=lMHz 15 15 pf 

Switching characteristics within specified operating conditions 

Temperature Range 

Commercial Extended 
Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate VEE=Min, Vcc=Min 20 20 Msps 

tsrn Sampling Time Offset VEE=Max, Vcc=Max 3 17 3 17 ns 

to · Output Delay VEE=Max, Vcc=Max 37 43 ns 

tHo Output Hold Time VEE=Max, Vcc=Max 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 

Commercial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Eu Linearity Error, Integral Reference Taps Open ±0.1 ±0.2 ±0.2 % 
•· Eu Linearity Error, Integral Reference T ~ps l\djusted ±0.05 ±0.1 ±0.1 % 

ELD Linearity Error, Differential Reference Taps Open ±0.05 ±0.1 ±0.1 % 

cs Code Size 5 225 5 225 % Nominal 

EoT Offset Error, Top 25 ~· 30 mV 

EoB Offset Error, Bottom -30 -J5 mV 

Teo Offset Error Tempco ±10 ±20 p.A/°C 

trn Transient Response Full-Scale Input Step, 20 30 30 ns 
Settling to ± 32 LSBs 

BW Full-Power Bandwidth Full-Scale Input 10 5 MHz 

SNR Signal-to-Noise Ratio Note 1 

F1N=1.0MHz 60 58 58 dB 

F1N=2.0MHz 59 56 56 dB 

FIN:= 5.0MHz 56 52 52 dB 

F1N=8.0MHz 54 47 dB 

F1w= 10.0MHz 52 43 dB 
SINAD Signal-tocNoise And Distortion Note 1 

F1N= 1.0MHz 59 : 55 52 dB 

F1N=2.0MHz 58 52 52 dB 

F1N=5.0MHz 54 48 45 dB 

F1N=8.0MHz 48 41 .dB 

FIN= 10.0MHz 43 39 dB 
THO Total Harmonic Distortion Note 1 

F1N=1.0MHz -66 -58 -'53 dBc 
FIN,,;2.0MHz -64 -56 -53 dBc 

F1N=5.0MHz -58 -52 -46 dBc 

F1N=B:OMHz -50 -43 dBc 

FIN= 10.0MHz -44 -41 dBc 

SFDR Spurious-Free Dynamic Range Note 1 

F1N= 1.0MHz 70 53 53 dB 

F1N=2.0MHz 68 54 54 dB 

F1N=5.0MHz 63 48 48 I dB 

F1N=8.0MHz 55 40 . dB 

F1N= 10.0MHz 48 35 dB 

EAP Aperture Error 50 
-:-

ps 

DP Differential Phase Fs = 4 x NTSC Subcarrier, 0.3 0.5 Degree 
Reference Taps Adjusted 

DG Differential Gain Fs = 4 x NTSC Subcarrier, 0.8 1.0 % 
Reference Taps Adjusted 

Note: 1. Fs=20Msps, Reference Taps Adjusted, Vee= VEE= Norn, TA=25°C. 
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Typical Performance Curves 

A. Typical SNR vs. Input Frequency 
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8. Typical Supply Current vs. Temperature 
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Calibration 

Calibration of the TDC1020 consists of adjusting the 
reference taps so that the converters integral linearity, 
gain and offset errors are minimized. To minimize the 
offset errors the sense leads must be used properly. The 
sense leads are not designed to carry very much current 
( < 1 mA) and should therefore be used in a feedback 
loop to a high-impedance input such as that shown in 
the Typical Interface Circuit. When a circuit similar to 
that in the Typical Interface Circuit is used for 
generating the reference voltages, calibration can be 
achieved with the following procedure: 

1. Apply an input to the input amplifier which is 
1 /2 LSB less than full-scale (AID input= 1.998V) and 
adjust the gain so that the output of the AID is 
toggling between full-scale and one LSB below full­
scale (1111111111 and 1111111110 for binary 
conversions). 

2. Apply an input to the input amplifier which is 
112 LSB greater than zero-scale (AID input= 
-1.998V) and adjust VRB via the VRB pot so that 
the output of the AID is toggling between 0 and 1 
(0000000000 and 0000000001 for binary 
conversions). 

The AID converter will now be calibrated to provide 
accurate conversions throughout its input range. To 
optimize the integral linearity of the device set up the 
"Subtractive Ramp Test" described on page 6 of the 
TRW Applications Note TP-30, "Understanding Flash 
AID Converter Terminology," then adjust the mid-point 
taps to minimize the bow in the error curve. 

Typical Interface 

A Typical Interface Circuit is shown of the TDC1020. The 
analog input amplifier, a THC4231, is used to directly 
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drive the AID converter. This amplifier is set up to have 
a gain of four and will provide the recommended + 2 to 
- 2V input signal to the TDC1020 when it has a 1Vp-p 
input signal. All four analog input pins are connected in 
parallel to decrease the parasitic inductance. An LM313 
is used to provide a stable reference voltage which is 
buffered by a dual op-amp, generating VRT and VRB· 
Both op-amps have their outputs buffered by an emitter 
follower to decrease the output impedance seen by the 
reference resistor chain. To minimize noise coupling into 
the reference resistor chain, bypass capacitors have been 
added, bypassing the reference taps to ground. 

Since capacitive coupling from the digital signals to the 
analog input will adversely affect the converter perform­
ance, careful attention to board layout is recommended. 

As is true with most bipolar integrated circuits, the 
substrate of the TDC1020 (VEE) must be the most 
negative potential applied. This rule applies for all 
conditions of temperature, signal level and power supply 
sequencing. In many systems, the voltage reference 
generators and input driving amplifier are powered from 
voltages greater than the + 5 and - 5.2V of the 
TDC1020. Whenever this situation occurs, it is always 
possible for the VEE inputs of the TDC1020 to be 
positive with respect to the V1N or VRB inputs when 
power supplies are cycled ON and OFF. 

To protect the TDC1020 from latch-up due to substrate 
bias, TRW recommends the use of a 1N5818 Schottky 
diode connected between VEE and V1N and another 
between VEE and VRB with the anode of each diode 
connected to Vff The diodes prevent V1N and VRT from 
going more than 0.4V more negative than Vff This 
protection circuit is shown in Figure 5. 
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Figure 5. Typical Interface Circuit 
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Evaluation Board 

The rne1020E1 e is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of the rne1020 A/D converter. The board 
dimensions are 1 OOmm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A comple­
mentary 64 pin double-row DIN female connector is 
included with the board. The circuitry on the board 
includes reference voltage generators, wideband video 
input amplifier, and a rne1012 12-bit D/A converter 
which may be used in evaluating certain parameters 
of the rne1020. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TOe1020 and 
rne1012 installed. 

Power and Ground 

Four power supply voltages are required for the 
operation of the Toe1020E1 e: Vee=+ 5V, VEE= - 5.2V, 
V + = + 15V and V- = -15V. All power inputs are 
decoupled to a single solid ground plane. All GND pins 
of the board are connected to the ground plane and it is 
recommended that all GND pins be used. 

Voltage Reference Generator 

The TDe1020E1 e has two voltage reference generator 
circuits for driving the RT and RB terminals of the 
rne1020. A variable + 2.0V is applied to RT from U3A 
and Q2 A variable - 2.0V is supplied to RB from U3B 
and Q1. The GAIN potentiometer, R11, provides ±10% 
adjustment range to both RT and RB voltages. 

Video Input Amplifier 

The input amplifier of the TOe1020E1 e, U4, is a 
THe4231 current-feedback amplifier and has been 
designed to accept a ± 0.5V input range and translate 
that signal to the + 2 to - 2V range of the rne1020. 
The output of this amplifier can be monitored at the P6 
SMA connector which is connected to the V1N terminals 
of the rne1020 through a 4700 resistor. The OFFSET 
potentiometer, R10, gives a ± 0.5V offset adjustment 
range to the board. 
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A/D Converter Inputs 

The clock to the TDC1020, eONV, is normally brought 
onto the board through the SMA connector labeled 
"eONV P5." By installing jumper J12, this signal is 
routed through the edge connector pin B3. A terminating 
resistor, R25 may be installed on the board for termi­
nating a eONV signal cable. The NMINV and NLINV 
inputs to the rne1020 are pulled HIGH with resistors 
and may be pulled LOW by installing jumpers J15 and 
J17. 

The analog signal input to the rne1020E1 e is brought 
onto the board by way of the SMA connector labeled 
"P3" through J9 and J10. A terminating resistor, R7, is 
included on the board for terminating a 500 analog 
input signal cable. Jumpers J10 and J11 permit the 
analog input signal to enter the board from edge­
connector pin B28. 

AID Converter Data Outputs and D/A Converter 
Data Inputs 

The ten data outputs of the TDC1020 are brought to 
edge-connector pins B5 through B14. These pins are 
located directly across the edge-connector from the 
corresponding data inputs of the TDe1012 D/A converter 
to simplify connection of AID outputs to D/A inputs. 

D/A Converter Inputs 

The clock to the rne1012 is normally brought onto the 
board through an SMA connector labeled "P9". This 
signal may also be brought onto the board from edge­
connector pin B29 by installing jumper J21. A location 
for a terminating resistor, R57 is provided for clock cable 
termination. 

D/A converter outputs are brought to SMA connectors 
labeled "OUT+ P7" and "OUT- PB." Load resistors of 
51. m are provided on the board to facilitate 50Q cable 
connection to the board. 

Potentiometer R58 is used to adjust the reference 
voltage to the rne1012. This voltage is adjusted to 
-1.0V as part of the factory test and calibration 
procedure. 

Removing jumper, J20, will put the rne1012 into 
feedthru lunclocked) mode. This eliminates the require­
ment for a D/A clock signal, but will degrade the fidelity 
of the rne1012 reconstruction. 
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THC4940 Track/Hold Option 

The Track/Hold timing signal is configured for TTL 
compatibility with the use of J2 and JB which bias pin 2 
of the THC4940 to TTL threshold. J5 applies the 
Hold/Track timing signal to pin 1 of the THC4940. The 
Hold/Track timing signal can be routed from SMA P2 or 
the edge-connector. 

The TDC1020E1 C has been designed to accomodate the 
THC4940 Track/Hold amplifier in the analog signal path 
prior to the THC4231 wideband input amplifier. To install 
the THC4940 on the board jumper connections outlined 
on the Jumper Options Table should be followed. The 
TDC1020E1 C can be configured to accept the analog 
input from either the edge-connector or the P3 SMA. 

----------GI 
TDC1020E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1020E1C 

GND A32 832 V- (-15V) AMP 532507-2 Wire-wrap 
GND A31 831 V+ (+15V) AMP 532507-1 Solder tail 
GND A30 830 OVF 

Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GND A29 829 DIA CLK INPUT 
GND A2B B2B ANALOG INPUT Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GND A27 827 NC Souriau 8609-264-6115-7550E1 Wire-wrap 
GND A26 826 NC Souriau 8609-264-6114-7550E1 Solder tail 
GND A25 825 NC Souriau 8609-264-6813-7550E1 Solder tail, 
GND A24 824 DIA CLK right-angle 
GND A23 823 NC bend 
GND A22 822 NC 
GND A21 821 NC 
GND A20 820 NC 
GND A19 819 NC 
GND A1B BIB Vee 1+5Vl 
GND A17 817 NC 
GND A16 816 NC 
GND A15 815 NC 

DIA D1 MSB A14 814 AID D1 MSB 
DIA D2 A13 813 AID D2 
DIA D3 A12 812 AID D3 
DIA D4 A11 811 AID D4 
DIA D5 AID 810 AID D5 
DIA D6 A9 89 AID D6 
DIA D1 AB BB AID D1 
DIA De A7 87 AID De 
DIA D9 A6 86 AID D9 

DIA D10 A5 85 AID D10 LSB 
DIA D11 A4 84 OE 

DIA D12 LSB A3 83 AID CONV 
GND A2 82 TIH DIGITAL INPUT 
GND A1 81 VEE l-5.2V) 
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Jumper Options Table 

Function SMA-Connector Edge-Connector Termination 

Analog Input Signal for P3, use J9, JlO for 828, use JlO, Jl 1 R7 
AID Converter CONV for P5, use J13 for 83, use J12, J13 R25 

DIA Converter CLK pg for 829, use J21 R57 
for 83, use J12, J13, J14 R25 

T/H Analog Input for P3, remove J9, JlO, Jl 1 for 828, use J9, Jll R7 

T/H Timing Input for P2, use J4 for 82, use J3 J6, Rl 

TDC1020E1C Silkscreen Layout 
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TDC1020E1C A/D Converter Schematic Diagram 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1020J1C STD-TA=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 1020J1C 

TDC1020J1V EXT-Tc= -55°C to 125°C Military 64 Pin Hermetic Ceramic DIP 1020J1V 

TDC1020GOC STD-TA= 0°c to 10°c Commercial 6B Pin PGA 1020GOC 

TDC1020GOV EXT-Tc= -55°C to 125°C Military 6B Pin PGA 1020GOV 

TDC1020E1C STD-TA=0°C to 10°c -- Eurocard Format Board With A/D Converter TDC1020E1C 

All parameters in. this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal' injury. The user of TRW lSI. iroducts Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Pmducts Inc. against all damages. 
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TDC1021 
Use TDC1044 for New Designs 

Monolithic AID Converter 
4-Bit, 25MSPS 

The TRW TOC1021 is a 25 MegaSample Per Second IMSPSI 
full-parallel lflashl analog- to -digital converter, capable of 
converting signals with tull-power trequency components up to 
10MHz into 4-bit digital words. A sample-and-hold circuit is 
not required. All digital inputs and outputs are TTL compatible. 

The TDC1021 consists of 15 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs, in binary or 
offset two's complement coding. 

Note: TRW recommends the use of the TDC1044 for new 
designs. 

Functional Block Diagram 

Features 

• 4 Bit Resolutior. 
• ± 1 /4 LSB Linearity 

• Sample-And-Hold Circuit Not Required 

• TTL Compatible 

• 25MSPS Conversion Rate 

• Selectable Output Format 

• Available In 16 Lead DIP 

• Standard/Extended Temperature Range 

Applications 

• Video Special Effects 

• Radar Data Conversion 

• High-Speed Multiplexed Data Acquisition 

• Medical Imaging 

• Image Processing 

NMINV >--------------~ 
NUNV >-------------

TRW LSI Products Inc. 
P.O. Box 2472 
la Jolla, CA 92038 

OONV >----------0-----..._,I-+--~ 

•• 

., 

REFEREllCE 
RESISTOR 

'""" 

15 TO 4 
~--1----+l ENCOOfR 

DIFFERENTIAL 
COMPARATORS !15) 

Phone: 16191 457 -1000 
Telex: 697-957 
TWX 910-335-1571 

LATCH 
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TDC1025 

Monolithic A/D Converter 
8-Bit, 50Msps 

The TRW TDC1025 is a 50Msps IMegaSample Per 
Second) full-parallel !flash) analog-to-digital converter, 

frequency components up to 12MHz into 8-bit digital 
words. A sample-and-hold circuit is not necessary. All 
digital inputs and outputs are ECL compatible. 

The TDC1025 consists of 255 latching comparators, 
combining logic, and an output register. A differential ECL 
convert signal controls the conversion operation. The 
digital outputs will interface with differential or single­
ended ECL The device requires a single - 5.2V power 
supply. 

Functional Block Diagram 

•r >----1->W'~ 
•rs >-----+-'WV--+ 

.. 
"" >---___,f-'IN',,-----. 
., )-------ji-'v\0,---' 

TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 

OIFFERENTtAL 
COMPARATORS 
12551 

Features 

• 8-Bit Resolution 
• 50Msps Conversion Rate 
• Sample-And-Hold Circuit Not Required 
• Difffm~nti;il nr ~inlJIP-i=nrlPrl !=Cl rnmr;itiblP 

• Single - 5.2V Power Supply 
• Available In 68 Contact Or Leaded Chip Carrier 

Applications 

• Medical Electronics 
• Fluid Flow Analysis 
• Seismic Analysis 
• Radar/Sonar 
• Transient Analysis 
• High-Speed Image Processing 

255T08 
ENCODER 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 
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TDC1025 

Functional Block Diagram 

Pin Assignments 

CONY >-----l 
CONY >------! 
.,. >-------------

Ry >----f-A,IV.,---, 

~. >----f-A,IV.,-_. ., 

Rlz 

•es >----,__.,'II'.-__. 
"• ~---t-'VVI.-~ ,, 

r-1----+--i 

DIFFERENTIAL 
COMPARATORS 
12551 

"' !i!>[> "' "' l~;;;~8811~~;1;~1 

NC 61 
Rr 62 

Rrs 63 
DGND 64 

NC 65 
IMSe) 0, 66 
IMSe) 01 ffl 

ii2 68 
Dz 1 

ii3 
D3 
04 4 
D4 5 
NC 6 

Veeo 1 
DGND 8 

NC 9 

sm~~~~~~~~~~~~~~3 

255 TO 8 
ENCODER 

43 NC 
42 NC 
41 Re 

4D Res 
39 DGND 
38 NC 
37 De ILSe) 
36 lljj ILSel 

35 D1 
34 07 
33 D5 
32 ii6 
31 Ds 

JD ii5 
29 Veeo 
28 DGND 
27 NC 

LATCH 

68 Contact Or Leaded Chip Carrier - Cl, L 1 Package 
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TDC1025 

Functional Description 

General Information 

The TDC1025 has three functional sections: a comparator array, 
encoding logic, and output latches. The comparator array 
compares the input signal with 255 reference voltages to 
produce an N-of-255 code !sometimes referred to as a 

Power 

The TDC1025 operates from a single -5.2V power supply. The 
separate analog and digital power pins, VEEA and VErn. both 
require -5.2V, and may be connected to the same power 
supply. However, separate decoupling of the analog and digital 
power pins is recommended !refer to Figure 5 for a typical 
decoupling circuit!. The return for IEEQ. the current drawn from 

Name Function 

VEED Digital Supply Voltage 

VEEA Analog Supply Voltage 

OGNO Digital Ground 

AGNO Analog Ground 

Reference 

The TDC1025 converts analog signals in the range 
VRB ~ V1N ~ VRT into digital form. VRB !the voltage applied 
to the pin at the bottom of the reference resistor chain) and 
VRT !the voltage applied to the pin at the top of the reference 
resistor chain) should be between +0.1V and -2.lV. VRT 
should be more positive than VRB within that range. The 
voltage applied across the reference resistor chain IVRT-VRBI 
must be between 1.8V and 2.2V. The nominal voltages are 
VRT ~ O.OV, VRB ~ -2.0V. 

Two sense points, RTs and Rss. may be used to minimize the 
offset errors and temperature sensitivity. With sensing, resistors 
R 1 and R2 las shown in the Functional Block Diagram) are 
contained within the feedback loop, and no longer contribute 
to the offset error. The remaining offset errors, EoTS and 
Eoss. can be eliminated by the calibration method discussed 
under Calibration. The temperature sensitivity of this remaining 
offset error is specified by tcos. Temperature Coefficient, 
Sensed. The sense resistors, R3 and R4 las shown in the 
Functional Block Diagram) are approximately 1 kDhm. These 
resistors are not designed to carry the total reference current, 
and should not be used as reference inputs. If the sensed 
points are not used, these pins should be left open. The circuit 
in Figure 5 shows a typical sensing configuration. 

TRW LSI Products Inc. 

"thermometer" code, as all the comparators below the signal 
will be on, and all those above the signal will be offl. The 
encoding logic converts the N -of- 255 code into binary format. 
The output latch holds the output constant between updates. 

the VEEo supply, is DGND· The return for IEEA· the current 
drawn from the VEEA supply, is AGND· The analog and digital 
ground planes should be separated to minimize ground noise 
and prevent ground loops, and connected back at the power 
supply. All power and ground pins must be connected. 

Value C1, L1 Package 

-5.2V Pins 7, 29 
-5.2V Pins 13, 14, 16, 18, 20, 22, 23 

o.ov Pins 8, 28, 39, 64 

o.ov Pins 46, 50, 55, 58 

A midpoint tap, RM, allows the converter to be adjusted for 
optimum linearity, although adjustment is not necessary to 
meet the linearity specification. It can also be used to achieve 
a non-linear transfer function. The circuit shown in Figure 7 
will provide approximately 1/2 LSB adjustment of the linearity 
midpoint. The characteristic impedance at this node is 
approximately 75 Ohms, and should be driven from a 
/ow-impedance source. Note that any load applied to this 
node will affect linearity. Noise introduced at this point, as 
well as the reference inputs and sense points may degrade the 
quantization process, resulting in encoding errors. 

Due to the variation in the reference currents 
with clock and input signals, RT and Rs should be 
low-impedance-to-ground points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are exercised 
dynamically, las in an Automatic Gain Control circuit), a 
low-impedance reference source is required. The reference 
voltages may be varied dynamically at rates up to 1 OM Hz. 
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TDC1025 

Reference (Cont.) 

Name Function Value C1, L1 Package 

Ar Reference Resistor (Top) a.av Pin 62 

ATS Reference Resistor Sense !Top) Pin 63 

RM Reference Resistor !Middle) -1.0V Pin 49 

Rs Reference Resistor !Bottom) -2.0V Pin 41 

Res Reference Resistor Sense !Bottom) Pin 4a 

Convert 

The TDC1025 requires a differential ECL Convert ICONVI signal. 
Both convert inputs must be connected, with CONV being the 
complement of CONV. A sample is taken (the comparators are 
latched) within 1 Ons after the rising edge on the CONV pin. 
This time is tsm Sampling Time Offset. This delay may vary 
from part to part and as a function of temperature, but the 
short-term uncertainty (jitter) in sampling time. offset is less 
than 50 picoseconds. The 255 to 8 encoding is performed on 
the falling edge of the CONV signal. The coded output is 
transferred to the output latches on the next rising edge. Data 

Name Function 

CONV Convert 

CONV Convert Complement 

Analog Input 

The TDC1025 comparator array causes the input impedance to 
vary slightly with the signal level, as comparator input 
transistors are cut-off or become active. For optimal 
performance, the source impedance driving the device must be 
less than 25 Ohms. The input signal will not damage the 
TDC1025 if it remains within the range of +0.5V to VEEA· If 
the input signal is between the VRT and VRB references, the 
output will be a binary number between 0 and 255, 
proportional to the magnitude of the analog input. A signal 
outside this range will indicate either full-scale positive or 
full-scale negative, depending on whether the signal is 
off-scale in the positive or negative direction. All eight analog 
input pins should be connected through resistors near the chip 

Name Function 

Analog Signal Input 

54 

is held valid at the output register for at least tHQ, Output 
Hold Time, after the rising edge of CONV. New data becomes 
valid after a Digital Output Delay, to. This permits the previous 
conversion result to be acquired by external circuitry on that 
rising edge, i.e. data for sample N is acquired by the external 
circuitry while the TDC1025 is taking input sample N + 2. 
Note that there are minimum pulse width ltpwL and tpwHI 
requirements on the waveshape of the CONV signal. !Refer to 
Figure 11 

Value C1, L 1 Package 

EGL Pin 54 

ECL Pin 53 

to provide a balanced analog input to all portions of the 
comparator array. The optimized values are shown in Figure 6. 

The analog input bandwidth, specified for a full-power input, 
is limited by the slew rate capabilities of the internal 
comparators. Decreasing the analog input amplitude will reduce 
the slew rate, and thus increase the effective bandwidth. Note 
that other system performance characteristics are specified for 
the recommended 2V p-p amplitude, and may degrade with 
the decreased analog input signal. A sample-and-hold circuit 
at the analog input will also extend performance beyond the 
specified bandwidth. 

Value Cl, l1 Package 

OV to -2V Pins 44, 47, 48, 51, 52, 56, 57, 60 

TRW LSI Products Inc. 
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Outputs 

The outputs of the TOC1025 are both differential and 
single-ended ECL compatible. The outputs should be 
terminated with a 1.5 kDhm impedance into a -5.2V source to 

Name Function 

meet the specified logic levels. Using the outputs in a 
differential mode will provide increased noise immunity. 

Value Cl, LI Package 

01 MSB Output, Complement EGL Pin 66 

D1 MSB Output EGL Pin 67 

52 EGL Pin 68 

02 EGL Pin 1 

53 EGL Pin 2 

03 EGL Pin 3 

ii4 EGL Pin 4 

04 ECL Pin 5 

55 EGL Pin 30 

05 ECL Pin 31 

06 ECL Pin 32 

05 ECL Pin 33 

O] EGL Pin 34 

07 EGL Pin 35 

De LSB Output, Complement EGL Pin 36 

09 LSB Output 

No Connects 

There are several pins labeled No Connect INCi, which have no 
connections to the chip These pins should be left open. 

Name Function Value 
NC No Connect Open 

Thermal Design 

The case temperature must be limited to a maximum of 80°C 
for the standard temperature range and 125°C for the 
extended temperature range. For ambient temperatures above 

TRW LSI Products Inc. 

EGL Pin 37 

Cl, L1 Package 

Pins 6, 9, 10, 11, 12, 15, 17, 19, 21, 24, 25, 26, 27, 38, 42, 43, 45, 59, 61, 65 

45°C, 500 L.F.P.M. moving air is required for specified 
performance. In addition to moving air, heat sinking is an 
efficient method to optimize thermal management. 

55 



TDC1025 

Figure 1. Timing Diagram 

CONY 

DIGITAL OUTPUT I 

Figure 2. Simplified Analog Input Equivalent Circuit 

l10F255 

I 
I 

I 
REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Convert Input Equivalent Circuit 

1-0F-255 
COMPARATORS 

---------e-------o GNO 

CONY o-----+-----t 

CONY o---~ 

____ .,_ ___ +------o VEE 
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SAMPLE 
N+2 

VIN 0------------.------. 

Ice 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 

Figure 4. Output Circuits 

~==~ ~-0 ;~:·-
._ __________ : OUTPUT 

OUTPUT EQUIVALENT CIRCUIT 

TO ..L !-
OUTPUT :-140pF 
PIN 

1.5K 

LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS VEED (-5.ZVJ 

TRW LSI Products Inc. 

COMPLEMENT 



TDC1025 l1'l•• 
Figure 5. CONVert, CONVert Switching Levels 

o.ov 
,- - -- -- -- -- -- - - - VICM MIN 

' ' ' ' ' ' ' ' ' _-.;;;:- _' _ - - - - - -1.JV 

' ' ' '----.-
V1cM MAX - - -- -- -- _'_,_,_, g.._ ___ _ 

CONY 

CONY 

Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltages 

Input Voltages 

Output 

Temperature 

Note: 

VEED (measured to DGNDI .................................. . ......................................................................................... +0.5 to -7.0V 

VEEA (measured to AGNOI . . ....................................................................................... +0.5 to -7.0V 

AGND (measured to DGNOI ................................................................................................................................................................................... +0.5 to -0.5V 

VEEA (measured to VErnl ...................................................... . ........................................................ +0.5 to -0.5V 

CDNV, CDNV (measured to DGNOI .. 

VIN· VRT· VRB (measured to AGNDI ...... . ...................... . 

VRT (measured to VRsl ........................................... . 

. .............................................................. ···································· +0.5 to VErnV 

. ................................................................................................... +0.5 to VEEAV 

......................................................................................................... 0 to +2.5V 

Short-circuit duration (single output in high state to ground) .................................................................................................................................... Indefinite 

Operating, ambient ........................................................... . ······················································································································ -55 to + 125°C 
junction .................................................................................................................................................................................................................. + 175°C 

Lead, soldering (10 seconds) .................................................................................................................................................................................................. +J00°C 

Storage ............................................................................................................................................................................................................. -65 to + 150°C 

Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these co,ditions 1s NOT implied. 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

VEED Digital Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VEEA Analog Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 
VAGND Analog Ground Voltage (measured to DGNDI -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 

tpwL CONV Pulse Width, LOW 8 8 ns 

tpwH CONV Pulse Width, HIGH 12 12 ns 

VICM CONV Input Voltage, Common Mode -0.5 -2.5 -0.5 -2.5 v 
VIOF CONV Input Voltage, Differential 0.3 1.2 0.3 1.2 v 

VRT Most Positive Reference Input 1 -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 
VRB Most Negative Reference Input 1 -1.9 -2.0 -2.1 -1.9 -2.0 -2.1 v 
VRrVRB Voltage Reference Differential 1.8 2.0 2.2 1.8 2.0 2.2 v 

VIN Input Voltage VRB VRT VRB VRT v 

TA Ambient Temperature2 0 70 oc 

Tc Case Temperature 2 0 100 -55 + 125 oc 

Notes: 
1. VRT Must be more positive than VRB· and voltage reference differential must be within specified range. 

2. 500 L.F.P.M. moving air required above 45°C ambient. 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1EE Supply Current V EEA· V EEO = MAX 
TA = 0°C to 70°C -725 mA 

TA = 10°c -575 mA 

Tc = -55°C to 125°C -1000 mA 

Tc = 125°C -500 mA 

1REF Reference Current VRT· VRB = NOM 10 35 10 45 mA 

RREF Total Reference Resistance 57 200 44 200 Ohms 

R1N Input Equivalent Resistance VRT• VRB = NOM, VIN = VRB 4 4 kOhms 

GIN Input Capacitance 160 160 pF 

lcs Input Constant Bias Current VEEA, VEEO = MAX, VIN = O.OV 750 1200 µA 

11 Digital Input Current VEEA, VEEO = MAX, V1 = -0.7V 160 240 µA 

Vol Output Voltage, Logic LOW VEEA· VEEO = NOM, Im = Test Load 1 -1.6 -1.5 v 
VoH Output Voltage, Logic HIGH VEEA• VEEO = NOM, loH = Test Load 1 -0.95 -1.1 v 

C1 Digital Input Capacitance TA = 25°C, F = lMHz 20 20 pF 

Note: 
I. Test Load = 1.5 kOhms to -5.2V, C = 40pF. 
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TDC1025 ··~·· 
Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate VEEA, VEED = MIN 50 50 MSPS 

tsrn Sampling Time Offset VEEA, VEED • MIN 10 10 ns 

to Digital Output Delay VEEA, VEED = MIN, load 1 20 23 ns 

tHo Digital Output Hold Time VEEA· VEED = MIN, load 1 2 2 ns 

Note: 
1. Test load = 1.5 kOhms to -5.2V, C = 40pF 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Eu linearity Integral, Independent VRT· VRB = NOM 0.3 0.3 % 

ELD Linearity Differential 0.3 0.3 % 

Q Code Size VRT· VRB = NOM 15 185 15 185 % Nominal 

Em Offset Error Top VIN = VRT +40 +45 mV 

Ems Offset Error Top, Sensed ± 10 ±10 mV 

EoB Offset Error Bottom VIN = VRB -40 -45 mV 

EoBs Offset Error Bottom, Sensed ± 10 ± 15 mV 

Tcos Offset Error Temperature Coefficient, 

Sensed BO 80 µV1°C 

BW Bandwidth, Full Power Input 12.5 12.5 MHz 

trn Transient Response, Full Scale Input Change 10 10 ns 

SNR Signal -to- Noise Ratio 20MHz Bandwidth, 

50MSPS Conversion Rate 

Peak Signal/RMS Noise 1.25MHz Input 53 53 dB 

5.34MHz Input 51 51 dB 

10.0MHz Input 47 dB 

12.0MHz Input 47 dB 

RMS Signal/RMS Noise 1.25MHz Input 44 44 dB 

5.34MHz Input 42 42 dB 

10.0MHz Input 38 dB 

12.0MHz Input 38 dB 

EAP Aperture Error 40 40 ps 
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Figure 6. Typical Interface Schematic 

60 

03 
1N4001 

A21 
CONY 

VEE2 
A18,B18 

J2 .,. 

+ .,, 
04 10 
IN4001 25V 

05 
1-1 

VR4 
1N5223B 
2.7V 

Cl9 
ID 

+~ R18 
CB 150 
ll 3W 

~ 
CID 

01 D.I 

i 02 

"" 3311 

·-~··· ...... 

i 
R39 
ID 

R40 
ID ... 

ID 

:-+ 
ROI 
ID 

R48 
1D 

R69 
ID 

Ct2 
m T+ 
25V '\l 

J4 

TRW LSI Products Inc. 



l 
l 

"!- "" ... "" 9x1.5K 91f22D 9x220 

l lmn lJ 1 1J till 1J 
44 VIN 

AGND DGND a1 I T T A4 
D1 !MSBJ 

1 

47 .,. 0, IMSBI ~ ,--.!. 3 .. 
U6 

Oii 
D1 (MSBI 

0, IMSB) .. .,. o, 1 10 MC10131 15 A5 o, 
51 

iii 68 
~.~:n i-!. 14 B5 

•1• 0.1 t-
52 

•1• ;+, 
....___. 

56 m •1• 
03 

3 1 ., 
57 

a; 

03 
•1• ir, 2 ~Ul 3 86 .. 03 
•1• 

04 
5 10 MC10131 15 Al 

U1 
TDC1025 .. 4 C31tn i-!. 14 87 

0.1 t-
;+, 

............. m 
05 31 1 2 AB 

o, 
o, 

05 

05 30 ~"' 
3 88 

~ •8s .. 33 10 MC10131 15 A9 

~ •rs De 32 c.~sf] i-!. 14 .. 
62 0.1 H 

•r ;+, 
....___. 

49 1 16 

C13T 
... ., 35 1 2 AID 

- 34 

.-.!- "' 
3 BIO 

0.1 i 07 

De 
31 10 MC10131 15 All 

41 

05 

o, 
o, 

07 

07 

De (LSBI 
•e De~ ..1. " 811 

~ VEEA ., .. CONV CONV ll ll JJl ll I LI I 53 54 C9~ 
0.1 

RSO R47 9it330 R54 9~330 
C211 ~51 9x1.5K 

0.1 ~ 0.1 r R58 R58 
220 330 

•m 

Dii ILSBI 

R58 R58 

~ 
220 330 

ml.59 I 16 

m: , R58 ~ ID U5 " 
338 VEE2 11 A22 

~r.: 

~ 1 .. 1, 1 .. 1. 1,, 1. 1 .. 1. 1. lf' 5 
R45 
130 

Zl Y-1 
rhi d; J/ R43 130 

CLK OUT 

A24 

TRW LSI Products Inc. 61 



TDC1025 

Notes for Figure 6 

62 

1. All resistor values are in Ohms. 
2. All resistors are 1 /8W unless otherwise noted. 
3. All capacitor values are in microFarads unless otherwise noted. 
4. All capacitors are 50WVOC unless otherwise noted. 
5. All diodes are 1 N4148 unless otherwise noted. 
6. R58 is a quad 220/330 Ohm terminator SIP. 
7. Z1 is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5. 
8. L1 is a ferrite bead inductor, Fair-rite part number 2743001112. 
9. AGNO pins on the TDC1025L1 are: 46, 50, 55, 58. 

10. DGND pins on the TDC1025L1 are: 8, 28, 39, 64. 
11. VEEA pins on the TDC1025L1 are: 13, 14, 16, 18, 20, 22, 23. 
12. VEED pins on the TDC1025L1 are: 7, 29. 
13. Values for components C5, R15, R62, RB5, RB6 are determined during the 

manufacturing process. 
14. Component designators C32, R49, R57, R63, R64, J1 are not used on the TDC1025E1C 

board. 
15. Components R30, R31, R45, R47, R48, R54, R55, R59, R60, R61, J4, are user options 

and are not included with the board. 
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Typical Interface 

Figure 6 shows an example of a typical interface circuit for 
the TDC1025. The analog input amplifier is a discrete 
differential amplifier followed by an NPN transistor. The 
transistor satisfies the input drive requirement of the AID 
converter. The analog input resistors, attached close to the V1N 
pins, provide frequency stability and a balanced analog input to 
all portions of the comparator array. All eight V1N pins are 
connected together dose to the dev!ce package, and the 
feedback loop should be closed at that point. Bipolar inputs 
may be used by adjusting the offset control. The amplifier has 
a gain of two, increasing a 1 Volt p-p input signal to the 
recommended 2 Volt p-p input for the AID. 

The top reference, RT, is grounded, with the sense point, RTS· 
left open. The offset error introduced at the top of the 
reference chain is cancelled by the offset adjustment. The 
bottom reference voltage, VRB is supplied by an amplifier, and 
a PN P transistor. The feedback loop through the sense, Rss. 
minimizes the offset error and related temperature variations at 

Figure 7. Power Decoupling and Input Network 

R1 44 
VIN 

R1 47 
VIN 

R1 48 
VIN 

ANALOG 
R1 51 

INPUT VIN 
R1 51 

VIN 
R1 !iii 

VIN TDC1015 
R2 57 

VtN 

L = FERRITE BEAD INDUCTOR 

R1 = 1on. 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR 

Rz = 1on. 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR 

C = 0.1µF CERAMIC DISC CAPACITOR 

¢' = ANALOG GROUND 

~ = DIGITAL GROUND 

Note: Pins are shown for L 1, C1 packages 
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the bottom of the resistor chain. Additional gain adjustment 
can be made by varying the input voltage to the sensing 
op-amp. 

The differential clock is provided by an ECL gate, with 
termination close to the TDC1025 to minimize ringing or 
overshoot. The convert clock is delayed by approximately 
5 1 Ons tc !atch the data at the output. The dat3 cutput~ a~e 

terminated with 1.5 kOhms to -5.2V. The standard Thevenin 
equivalent 1220 Ohms-330 Ohms to -5.2VI is used where 
additional termination is required. 

The analog and digital ground planes are separated to minimize 
ground noise and prevent ground loops, and are connected 
back at the power supply. The independent ECL digital ground 
aids in maintaining the chip digital ground, especially in a 
system with high-speed ECL logic. Protective diodes between 
all three ground planes avoid damage due to excessive 
differences in ground potential. 

Figure 8. Typical Reference Midpoint Adjust Circuit 

TOC1025 

-2V 
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Output Coding 

lliwy Offlai Two's 
"'· 

Step Range Tnm lllVlll1ld Trae ..,. 
-2.IJIXllV FS -2.0480V FS Al Outputs 01 ~..:0g 
7.8431 mV Step 8.000 mV Step Inverted Inverted Inverted 

000 0.llQIV o.mv lllllDIOOO 111111111 1mmml 011111111 
001 -0.0078V -0.IPOI/ IDDQI01 111111110 1-.1 011111110 

• • • • • • • 
• • • • • • • 
• • • • • • • 
127 -0.9961V -1.0160V 011111111 1llDlllllOO 111111111 IDlllllml 
128 -1.0039V -1.0240V 1IDllOOOO 011111111 DDlmlllJ 111111111 
129 -1.011BV -1.0320V - 100000001 011111110 mmml1 111111110 

• • • • • • • 
• • • • • • • 
• • • • • • • 
254 -1.9921V -2.0392V 111111110 000000001 011111110 1DIDI0001 
255 -2.0000V -2.0400V 111111111 m;mm 011111111 11DDQJO 

Note: 
1. Voltages are co·da midpoints after calibration. 

2. Any output mey be inverted by interchanging connections to the true IDNI end complemeht liij;jl output pins. 

Calibration 

To calibrate the TDC1025, adjust VAT and VRB to set the 1st 
and 255th thresholds to the desired voltages. Note that R1 is 
greater than R, ensuring calibration with a positive voltage on 
Rr. Assuming a OV to - 2V desired range, continuously strobe 
the converter with -0.0039V 11/2 LSB from OVI on the analog 
input, and adjust VAT for output toggling between codes 00 
and 01. Then apply -1.996V 11/2 LSB from -2VI and adjust 
VRB for toggling between codes 254 and 255. 

The degree of required adjustment is indicated by the offset. 
errors, EoT and Eos. Offset errors are generated by the 
inherent parasitic resistance between the package pin and the 
actual resistor chain on the integrated circuit. These parasitic 
resistors are shown as R1 and R2 in the Functional Block 

6.4 

Diagram. Calibration will cancel all offset voltages, eliminating 
offset and gain errors. 

The above method of calibration requires that both ends of the 
resistor chain, RT and Rs. are driven by buffered operational 
amplifiers. Instead of adjusting VAT· RT can be conn11cted to 
analog ground and the OV end of the range calibrated with a 
buffer offset control. The offset error at the bottom of the 
resistor chain results in a slight gain error, which can be 
compensated for by varying the voltage applied to R9. The 
bottom reference is a convenient point for gain adjust that is 
not in the analog signal path. These techniques are employed 
in Figure 5. 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1025C1C STD-Tc= 0°C to 80°C Commercial 68 Contact Chip Carrier 1025C1C 

TDC1025C1A EXT-Tc= -55°C to 125°C High Reliability 68 Contact Chip Carrier 1025C1A 

TDC1025L1C STD-Tc=0°C to 80°C Commercial 68 Contact Chip Carrier 1025L1 c 

TDC1025L1A EXT-Tc= -55°C to 125°C High Reliability 68 Leaded Chip Carrier 1025L1A 

All parameters contamea 1n lh1s sµec111ccwon are 
to change products and specifications without 

oy ue::i1~11, Lrld(dClellLdLIUll, ::idfllµit: lt:Mllll:J UI IUU/U tt:::iLlll\:J d0 dµµ1uµ11dlt "T":l'v'v' lt0t:IVt0 ~:It; lltJ:ll 

This information does not convey any license under patent rights of TRW Inc. or others 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc against all damages 
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TDC1029 

Monolithic A/D Converter 
6-Bit. 100Msps 

The TRW TDC1029 is a 1 OOMsps IMegaSample Per 
Second) fully-parallel !flash) analog-to-digital converter. 
capable of converting an analog signal with full power 
frequency components up to 50MHz into 6-bit digital 
words. A sample-and-hold circuit is not required. All 
digital inputs and outputs are ECL compatible. 

The TDC1029 consists of 63 latching comparators, 
combining logic, and an output register. A differential 
convert !CONV) signal controls the conversion operation. 
The digital outputs are single-ended ECL with the 
exception of the MSB which is differential enabling 
binary or offset two's complement output format. 

Features 
• 6-Bit Resolution 
• 100Msps Conversion Rate 
• 50MHz Input Bandwidth 
• Low Cost 

• 1 /2 LSB Linearity 
• Sample-And-Hold Circuit Not Required 
• 1V Input Range 
• Binary Or Two's Complement Output Format 
• 1 /4, 1 /2 And 3/4 Scale Reference Resistor Taps 

On J6 Package 
• Available In A 24 Pin CERDIP 

Applications 
• Transient Digitizers 
• Direct Digital Receivers 
• Radar Data Conversion 
• Data Acquisition 
• Telecommunications 
• Medical Imaging 
• High-Energy Physics Experimentation 

Functional Block Diagram , •• , ,__ ___ _.,_ ____ ~ 
ylN >---~ ,, 

"• 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

6J TD 6 
ENCODER 

lATCH 

Phone: (619) 457-1000 
FAX (619) 455-6314 
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TDC1029 

Pin Assignments 

VEED 1 24 VEEA 

Rs 23 D5 (LSB) 

DGND 22 o5 

VIN 4 21 o4 

AGND 20 DGND 

CONV 19 VEEA 

CONV 7 18 VEEA 

AGND 17 DGND 

VIN 16 o3 

DGND 10 15 o2 

RT 11 14 o1 (MSB) 

VEED 12 13 01 (MSB) 

24 Pin CERDIP - 87 Package 

Functional Description 

General Information 

The TDC1029 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 63 reference 
voltages to produce an N-of-63 code !sometimes referred 
to as a "thermometer" code, as all the comparators 
biased more positive than the input signal will be on, 
and all the rest will be off.) The encoding logic converts 
the N-of-63 code into binary data, with the complement 
of the MSB available for offset two's complement output 
format. The output latch holds the output data constant 
between updates. 

Power 

The TDC1029 operates from separate analog and digital 
power supplies, VEEA and VEm Since the required 
voltage for both VEEA and VEED is - 5.2V, these should 
ultimately be connected to the same power source, but 
separate decoupling for each is recommended. A typical 
decoupling network is shown in the Typical Interface 
Circuit. The return path for IEED· the current drawn 
from the VEED supply is DGND· The return path for 
IEEA· the current drawn from the VEEA supply, is AGND· 
All power and ground pins must be connected. 

Thermal Design 

The TDC1029 has thermal characteristics similar to other 
high-performance ECL devices and is rated for a 
maximum ambient temperature of 70°C. For ambient 

68 

temperatures above 40°C, 500 L.F.P.M. moving air is 
required for specified performance. The maximum case 
temperature should be no greater than 110°C. 

Reference 

The TDC1029 reference voltage is applied between RT 
and Rs. TDC1029 converts analog signals in the range 
VRB ;;;:VIN ;:;;:vRT into digital form. The voltage applied 
across the reference resistor chain IVRT-VRB) must be 
between 0.9V and 1.1V. VRB !the voltage applied to the 
pin at the bottom of the reference resistor chain) and 
VRT !the voltage applied to the pin at the top of the 
reference resistor chain) should be between - 0.2V and 
-1.4V. VRT should be more positive than VRB within 
that range. The nominal voltages are: VRT = - 0.3V, 
VRB = -1.3V. These voltages may be varied dynamically 
up to 25MHz. Due to slight variations in the reference 
current with changes in clock and input signals, RT and 
Rs should be low-impedance points. For circuits in which 
the reference is not varied, a bypass capacitor to AGN o 
1s recommended. If the reference inputs are varied 
dynamically las in an AGC circuit), a low-impedance 
reference source is required. 

Convert 

The TDC1029 requires a differential ECL CONVert iCONV) 
signal. A sample is taken !the comparators are latched) 
tsTO after a rising edge on the CONV pin. The result 
from the encoding logic is transferred to the output 
latches on the next rising edge. The outputs hold the 
previous data a minimum time itHo) after the rising edge 
of the CONVert signal. New data becomes valid after a 
maximum delay time to. Both convert inputs must be 
connected, with CONV being the complement of CONV. 

Analog Input 

The TDC1029 uses latching comparators which cause the 
input impedance to vary slightly with the signal level. For 
optimal performance, the source impedance driving the 
device must be less than 25 Ohms. The input signal will 
not damage the TDC1029 if it remains within the range 
of + 0.5V to VEEA· If the input signal is between the 
VRT and VRB references, the output will be a binary 
number between 0 and 63 inclusive. A signal outside 
this range will indicate either full-scale positive or full­
scale negative, depending on whether the signal is off­
scale in the positive or negative direction. Both analog 
input pins MUST be connected through 15 Ohm resistors 
as shown in the Typical Interface Circuit. 
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Outputs 

The outputs of the TDC1029 are ECL compatible. Outputs 
02-6 are single-ended, while the MSB (01 I is differ­
ential. Offset two's complement format is available by 

cross-wiring the MSB, i.e., interchanging D1 and 01. The 
outputs should be terminated with a 100 Ohm (or 
greater) impedance into a - 2.0V source. 

Package Interconnections 

Signal Signal 
Type Name Functior. Value 87 Package Pins 

Power VEEA Analog Supply Voltage -5.2V 18, 19, 24 

VEED Digital Supply Voltage -5.2V 1, 12 

DGND Digital Ground a.av 3, 1 a, 17, 2a 

AGND Analog Ground a.av 5, 8 

Reference RT Reference Resistor (Top) -a.3aV 11 

Rs Reference Resistor (Bottom) -1.3aV 2 

Convert CONV Convert ECL 7 

CONV Convert Complement ECL 6 

Analog Input VIN Analog Signal Input See Text 4, 9 

Outputs D1 MSB Output Complement ECL 13 

D1 MSB Output ECL 14 

D2 ECL 15 

03 ECL 16 

04 ECL 21 

05 ECL 22 

Ds LSB Output ECL 23 

Figure 1. Timing Diagram 

DIGITAL OUTPUT I 
~~~..&+ ................... _.. ...... ~~--" ............................... ...._~~--........................... __ ~~--' ..... 

TRW LSI Products Inc. 69 



TDC1029 

Figure 2. Simplified Analog Input Equivalent Circuit 

lelAS 

C1N = C1 + Ci 13pF NOMINAL 
20pF MAXIMUM 

C1 = NON-LINEAR JUNCTION CAPACITANCE 

Ci = VIN LINEAR CAPACITANCE 

VRe IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 

Figure 3. Convert Input Equivalent Circuit Figure 4. Output Circuits 

_.._ _ _., _____ OGND 

CONY o---+---t 

---+-- - - -

-----------VEED 

------- OGNO 

DATA 
OUTPUT 

OUTPUT EQUIVALENT CIRCUIT 

FROM 40pF 160 } 

OUTPUT 1 1---+---e 100!1 TO -2V 
PIN EQUIVALENT 

262 

LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS 

VEED 
l-5.2VJ 

Figure 5. CONVert, CONVert Switching Levels 
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,----------

' ' ' ' ' ' ' ' ' - - - - - - -- ' - ' - - - - - -

' ' ' '----
V1cMMAX --- --~',, X .... ___ _ 

o.ov 
V1cM MIN 

-1.JV 

CONY 
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Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltages 

VEED !measured to DGNol ........................................................................................................................................................................................... 0.5 to -7.0V 

VEEA !measured to AGNol ........................................................................................................................................................................................... 0.5 to -7.0V 

AGND !measured to DGNOI .......................................................................................................................................................................................... 1.0 to -1.0V 

VEEA !measured to VErnl ............................................................................................................................................................................................. 0.5 to -0.5V 

Input Voltages 

CONV, CONV !measured to DGNDI ......................................................................................................................................................................... +0.5 to VEEDV I.'-' 
VIN• VRT· VRB !measured to AGNDI ...................................................................................................................................................................... +0.5 10 VEEA;; ~ 
VRT !measured to VRsl ............................................................................................................................................................................................. + 1.5 to -1.5V 

Output 

Short circuit duration !single output to ground) .............................................................................................................................................................. Indefinite 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -60 to + 115°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Note: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

Operating conditions 

T emperatwe Range 
Standard 

Parameter Min Nam Max Units 

VEED Digital Supply Voltage -4.9 -5.2 -5.5 v 
VEEA Analog Supply Voltage -4.9 -5.2 -5.5 v 
VEEA-VEED Supply Voltage Differential -0.1 0.0 0.1 v 
VAGND Analog Ground Voltage !Measured to DGNal -0.1 0.0 0.1 v 

lpWL GONV Pulse Width, LOW 3 4 ns 

tpwH GONV Pulse Width, HIGH 5 6 ns 

V1cM GONV Input Voltage, Common Mode Range !Figure 61 -0.5 -2.5 v 
VIDF GONV Input Voltage, Differential !Figure 61 0.4 1.2 v 

VRT Most Positive Reference Input 1 -0.2 -0.3 -0.4 v 
VRB Most Negative Reference Input 1 -1.2 -1.3 -1.4 v 
VRrVRB Voltage Reference Differential 0.9 1.0 1.1 v 
VIN Input Voltage VRB VRT v 
TA Ambient Temperature2 0 70 oc 

Notes: 
1. VRT must be more positive than VRB• and voltage reference differential must be within specified range. 

2. 500 L.F.P.M. moving air required above 40°C. 
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Electrical characteristics within specified. operating conditions 

Temperature Range 
Standard 

Parameter Test Comfitions Min Max Units 

1EEA+IEED Supply Current VEEA, VEED - MAX 

TA - 0°C to 70°C -450 mA 

TA - 10°c -375 mA 

IREF Reference Current VRT· VRB = NOM 10 35 mA 

RREF Total Reference Resistance 29 100 Ohm 

R1N Input Equivalent Resistance VRT• VRB - NOM, VIN = VRB• VEE = MAX 6 kOhm 

CIN Input Equivalent Capacitance VRT• VRB • NOM, VIN • VRB 20 pF 

1ce Input Constant Bias Current VEEA, VEED • MAX, VIN - -0.3V 500 µA 

11 Input Current VEEA· VEED - MAX, V1 • -0.5V 250 µA 

VOL Output Voltage, Logic LOW VEEA, VEED • NOM, Test Load 1 -1.650 v 
VoH Output Voltage, Logic HIGH VEEA• VEED • NOM, Test Load 1 -0.950 v 

C1 Digital Input Capacitance TA = 25°C 15 pF 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Fs Maximum Conversion Rate VEEA• VEED - MIN 100 MSPS 

1srn Sampling Time Offset VEEA, VEED • MIN 6 ns 

to Output Delay VEEA, VEED - MIN, Load 1 8 ns 

1HO Output Hold Time VEEA, VEED = MIN, Load 1 1.5 ns 
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System performance characteristics within specified operating conditions 

Parameter Test Conditions 

Eu Linearity Error Integral, Terminal Based VAT• VRB = NOM 

ELD Linearity Error Differential 

0 Code Size VAT· VRB = NOM 

EoT Oftset hror lop vlN = iiRT 

EoB Offset Error Bottom VIN = VRB 

Teo Offset Error Temperature Coefficient 

BW Bandwidth, Full Power Input 1 Fs = lOOMSPS 

trn Transient Response, Full - Scale Input Change 

SNR Signal-To- Noise- Ratio 7 lOOMSPS Conversion Rate 

Peak Signal/RMS Noise 25MHz Input 

50MHz Input 

RMS Signal/RMS Noise 25MHz Input 

50MHz Input 

EAP Aperture Error 

Notes: 
Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpwH • 6ns. 

Single frequency sinusoidal input attenuated 3dB at 112 sampling frequency lanti-alias prefilterl. 

Output Coding 1 

Step Range Binary 
-1.3000V FS -1.30BOV FS 

15.8730mV STEP 16.0000mV STEP MSB LSB 

00 -0.3000V -0.3000V 000000 

01 -0.3159V -0.3160V 000001 . . . . . . . . . . . . 
31 -0.7921V -0.7960V 011111 

32 -0.8079V -0.8120V 100000 

33 -0.8238V -0.8280V 100001 . . . . . . . • . . . . 
62 -1.2841V -1.2920V 111110 

63 -1.3000V -1.3080V 111111 

Note: 

1. Voltages are code midpoints aher calibration. 

Temperature Range 

Standard 
Min Max Units 

±0.8 % 

±0.8 % 

50 150 % Nominal 

on _., 
'" 

-8 +8 mV 

±35 µV/°C 

50 MHz 

6 ns 

42 dB 

39 dB 

33 dB 

30 dB 

30 ps 

Offset Two's Complement 

MSB LSB 

100000 

100001 . 
• . 

111111 

000000 

000001 . . . 
011110 

011111 
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Calibration 

To calibrate the TDC1029, adjust VRT and VRB to set 1st 
and 63rd thresholds to the desired voltages. Assuming a 
- D.3V to -1.3V desired range, continuously strobe the 
converter with - D.3D79V (1 /2 LSB from - D.3DDV) on 
the analog input, and adjust VRT for output toggling 
between codes DD and D1. Then apply -1.2921V (1 /2 
LSB from -1.3DDV) and adjust VRB for toggling 
between codes 62 and 63. Instead of adjusting VRT· 
RT can be connected to a fixed voltage and the most 
positive end of the range calibrated with an offset 
control. Rs is a convenient point for gain adjust that is 
not in the analog signal path. These techniques are 
employed in Figure 6. 

Typical Interface Circuit 

Figure 6 shows an example of a typical interface circuit 
for the TDC1 D29. The analog input is AC coupled with a 

Figure 6. Typical Interface Circuit 

Cl 

e---J:~---\:M~~~~.--.~~1\r--'-1 
R2 A3 
~ ~ 

U1 
TDC1112! 
J7 
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1 µf non polar capacitor, then offset by - D.BV with a 
741 type operational amplifier and an emitter follower. 
System offset is adjusted via a variable resistor which 
alters the gain of the amplifier that provides the offset 
to the analog input signal. The reference voltages for the 
TDC1029 are both supplied by 741 type operational 
amplifiers configured as inverting amplifiers with emitter 
followers. The reference bottom is adjustable via a 
variable resistor to allow the system gain to be adjusted. 
The power supply to the TDC1 D29 has been regulated 
with an LM337 three-terminal regulator, then VEEA has 
a ferrite bead inductor in series with the supply and a 
parallel bypass capacitor to ground. The purpose of the 
inductor is to isolate the analog supply from the noise 
and voltage spikes that might be present on the digital 
supply. The digital data that is generated by the 
TDC1029 is latched with a 1DD151 ECL latch. 

DGND 3, 10, 17, 21) 

o, 
o; ., 
a, ., 
DJ .. 
a. 
'• ;; .. 
Di 

t~ 
-- ~ 

2211
-15V 

'" 7670 ,. 
R19 C11 

~:(l ~: 
-5.2V 

ALL RESISTORS 1/4W, 5% VALUES IN Q 
ALL CAPS IN µ F 

TRW LSI Products Inc. 



TDC1029 

Typical Interface Circuit 

Figure 6 shows an example of a typical interface circuit tor 
the TDC1029. The analog input is AC coupled with a 1µF non 
polar capacitor, then offset by -0.8V with a 741 type 
operational amplifier and an emitter follower. System offset is 
adjusted via a variable resistor which alters the gain of the 
amplifier that provides the offset to the analog input signal. 
The reference voltages for the TDC1029 are both supplied by 
741 tyrp nrP.rntinnHI HmrlifiP.rs r.nnfig11rnrl HS inV8rting 
amplifiers with emitter followers. The reference bottom is 

Applications 

The TDC1029J6 128 lead DIPI has three additional reference 
resistor taps available. These may be used in a variety of 
ways. Below are depicted two possible applications of these 
taps !Figures 7 and 81. In Figure 7 the potential at the 
reference middle point is sensed and fed back as an offset to 
the input amplifier so that the input voltage is automatically 

Figure 7. Midpoint Feedback 

INPUT --j 
VIN 

TDC1029J6 

R2M 

Figure 9. Piecewise Linear Transfer Function 

.... 
Q 
Q ... 

47 

,_ 31 

~ 
5 

15 

adjustable via a variable resistor to allow the system gain to 
be adjusted. The power supply to the TDC1029 has been 
regulated with an LM337 three-terminal regulator, then VEEA 
has a ferrite bead inductor in series with the supply and a 
parallel bypass capacitor to ground. The purpose of the 
inductor is to isolate the analog supply from the noise and 
voltage spikes that might be present on the digital supply. The 
digital data that is generated bv the TDC1029 is latched with a l."-
100151 ECL latch. ~ 

offset the proper amount for accurate conversion. In Figure 8 
the reference taps are driven at different potentials so that the 
dynamic range of the converter is similar to that of an 8-bit 
converter. The dynamic range is expanded because the 
quantization steps are not of equal size. Figure 9 is an 
illustration of the transfer function of the circuit in Figure 8. 

Figure 8. External Voltage Divider 

RT 
-0.JV 

-0.JV 
RT 

BR 

lltM 
4R 

TDC1029J6 

ll2M 
2R 

ll3M 
R 

Re 
-1.JV R4M -1.JV 
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Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC1029B7C STD-TA=0°C to 70°C Commercial 24 Pin CERDIP 1029B7C 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Peak Digitizer 
8-Bit, 30ns Full Response Peak Width 

The TDC1035 is a unique variant of the full-parallel 
("flash") analog-to-digital converter, capable of capturing 
the maximum peak amplitude ot one or more pulses 
applied to its input between asynchronous reset pulses. 
Multiple "peak read" operations can be performed 
between resets. Peaks are detected digitally, so operation 
is stable and predictable. Packaged in a 24 pin CERDIP, 
the TDC1035 features lower power consumption and 
smaller size than an analog peak detector/ADC 
combination. All digital inputs and outputs are TTL 
compatible, and all outputs are registered and 
three-state. 

Features 
• 8-Bit Resolution 
• Full DC Linearity For Pulses 30ns Wide 
• Does Not Require Analog Peak-Hold Circuit 
• Continuous Peak Capture Between Resets 

Functional Block Diagram 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

RESET 

• Multiple Read Operations Between Resets 
• 1 /2 LSB Linearitv 
• Narrow Ambiguity Region Around Reset 
• Detects Pulses As Small As 12ns Wide 
• Guaranteed Monotonic 
• Selectable Data Format 
• Available In A 24 Pin CERDIP Package 
• 1.0W Power Consumption 
• Three-State Registered Outputs 

Applications 
• Radar Pulse Classification 
• Electronic Countermeasures 
• Radiation Measurement 
• Instrumentation 

CLK TSO 77 

Phone: (6191 457-1000 
FAX (6191 455-6314 

©TRW Inc. 1990 
40G06460 Rev. A-11/90 
Printed in the U.S.A. 



TDC1035 

Pin Assignments 
D1 (MSB) 1 

o2 2 

o3 3 

o4 4 

DGND 

VEE 

CLK 

Vee 
VEE 9 

DGND 10 

LINV 11 

o5 12 

24 MINV 

23 OE 

22 Re 

21 AGND 

20 RMID 

19 VIN 

18 AGND 

17 Rr 

16 RESET 

15 Da (LSB) 

14 07 

13 06 

21220A 

24 Pin CERDIP - 87 Package 

Functional Description 

General Information 

The TDC1035 peak detector operates on ground­
referenced negative-going signals. Within tRP 
nanoseconds after the rising edge of the clock signal 
CLK, it outputs the most negative value reached since 
the previous RESET pulse. The active-HIGH RESET control 
is independent of CLK, but may be connected to CLK to 
provide a single-control peak detector. Multiple output 
cycles are permitted between reset operations. 

The TDC1035 contains parallel array of comparators, an 
array of latches, and an encoder which outputs the 
location of the highest-valued latch which is set. The 
TDC1035's response characteristics are determined by its 
comparator array. A comparator's response time is 
determined by the degree of overdrive, since the output 
changes only when the area above threshold reaches a 
characteristic value. Therefore, the digitization accuracy of 
a pulse's peak value depends on the shape of the pulse. 

To permit accurate, repeatable characterization, the 
TDC1035 is tested with a slew-rate limited "square" 
pulse. It will digitize Ito its DC accuracy) the peak value 
of a square pulse having a minimum duration of 30ns. 
The accuracy degrades gracefully as the duration 
decreases from 30 down to 12ns, where it understates 
the applied amplitude by 15% !Figure 71. Production 
characterization of the TDC1035 uses "square" pulses 
with controlled rise and fall times of Bns. 
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Performance of the TDC1035 with other pulse shapes 
!such as Gaussian or bandwidth-limited square pulse) can 
be estimated by applying an energy above threshold 
model, with area of 120 picoVolt-seconds. 

The operation of all asynchronous sequential logic circuits 
involves some temporal ambiguity. The most common 
form of this ambiguity, metastability, occurs in data syn­
chronizers. In a peak digitizer such as the TDC1035, this 
ambiguity comes in the form of periods during which the 
accuracy of the measurement of a pulse may be 
affected, or the pulse may not even be detected. There 
is a 10ns itRPI ambiguity period after the falling edge of 
the RESETsignal, during which detection or accuracy of 
detection of any pulse is not guaranteed. There is also a 
region of 40ns itpcl before the rising edge of the 
!output) clock ICLK) where a pulse may be missed or 
detected inaccurately. These regions are shown in the 
timing diagrams, Figures 1 and 2. During the latter 
period, if the input signal increases to a new peak larger 
than the previously"latched value, the value loaded into 
the output register may be incorrect land will most likely 
be zero); nonetheless, the peak detection latches will 
hold the !correct) new peak value. 

As shown in Figure 3, the TDC1035's comparator inputs 
have emitter-follower buffers, which limit the permissible 
input signal slew rate to 250V/ µJ.. This corresponds to a 
full-scale transition time of Bns. 
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Power 

The TDC1035 operates from two supply voltages: + 5.0V 
and - 5.2V. The current return for the positive supply is 
DGND· and the return for the negative !analog) supply is 
AGND· All power and ground pins MUST be connected. 

Reference 

The reference for the TDC1035 is a negative voltage 
....... ,...1: .... ...J .......................... .. t.. ..... : ....... + 'lC' C:: .......... : .... +........... Tl.. .... + ........ ,....r; +t..: .... 
cq.;µ11vu av1 U<'.>\:> a VI 10111 UI LJ..J I ti.)1\:>LUI <>. 11 lt:i LU!J UI LI II\) 

chain is connected to the RT pin. and the voltage 
applied to the RT pin IVRT) should be within 0.1V of the 
analog ground. Note that the difference between the 
voltage applied to the pin and the voltage at the 
reference chain is the offset specification !EQT and Eosl. 
The bottom of the reference resistor chain is connected 
to the RB pin, and the voltage applied to the Rs pin 
IVRBI should be between 1.8 and 2.2V negative with 
respect to the RT pin for full-specification operation. 
Reduced reference voltage operation is possible at 
reduced accuracy !for example, for generating a non­
linear transfer function). The RT-RB reference source 
should be able to deliver at least 45mA. 

Due to the variation in the reference currents with clock 
and input signals, RT and Rs should be connected to 
circuit nodes with a low impedance to ground. For 
circuits in which the reference is not varied at a high 
rate, a bypass capacitor to ground is recommended. If 
the reference inputs are exercised dynamically !e.g., for 
AGC or nonlinear operation), a low-impedance reference 
source is required. The reference voltages may be varied 
dynamically; contact the factory for information on 
limitations when the device is used in this mode. The 
performance of the TDC1035 is specified with DC 
references of VRT=O.DV and VRs= -2.0V. 

Control 

Two function control pins, MINV and LINV. are provided. 
These names stand for active-LOW Most significant bit 
INVert and active-LOW Least significant bits INVert. 
respectively. These controls are for DC (i.e., steady-
state). not dynamic. use. They permit the output coding 
to be either straight binary or offset two's complement, 
in either true or inverted sense. according to the Output 
Coding Table. A single output state control pin, OE, is 
provided. The three-state outputs may be placed in a 
high-impedance state by applying a logic HIGH to the OE 
control pin, and enabled by driving OE LOW. 
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The function control pins may be tied to Vee for a logic 
HIGH, and DGND for a logic LOW; however, a 2.2 kOhm 
pull-up resistor is preferred over direct connection to 
Vee- If a pull-up resistor is not used, the absolute 
maximum voltage rating for the part becomes that of the 
TTL input. 5.5V, rather than the higher value for the Vee 
terminal. 

Command 

Two pins, RESET and CLK, control the TDC1035. When 
brought HIGH, the level-sensitive RESET control resets 
the peak-storing latches. The edge-sensitive CLK control 
causes the peak value to be loaded into the output 
register when a rising-edge !LOW-to-HIGH) signal is 
applied. As noted above, there is a data ambiguity period 
associated with the operation of each of these inputs. 

Analog Input 

Although the TDC1035's 255 comparators have emitter­
follower isolated inputs, the input impedance can vary up 
to 25 percent with the signal level. as comparator input 
transistors switch on or off. As a result, for optimal 
performance, the source impedance of the driving device 
must be less than 25 Ohms. The input signal will not 
damage the TDC1035 if it remains in the range 
VEE-0.5V to VAGND + 0.5V. If the input signal stays 
between the VRT and VRB reference voltages, the 8-bit 
digital equivalent of the most negative voltage reached 
will be latched into the array of latches. subject to the 
dynamic effects mentioned above. A transient more 
negative than VRB will cause a full-scale output too 
after the CLK line rises. 

Outputs 

The outputs of the TDC1035 are TTL compatible, capable 
of driving four low-power Schottky TTL 154LS/74LS) unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time tHO after the rising edge of the 
CLK input, and are guaranteed to have the new output 
value after a maximum time too. Under light DC load 
conditions !such as driving CMOS loads or base-input 
low-power Schottky such as the 74L5374) 2.2k pull-up 
resistors to + 5.0V are recommended. 
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Package Interconnections 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

RT Reference Resistor, Top 

Rs Reference Resistor, Bottom 

MINV MSB Invert 

LINV LSB Invert 

DE Output Enable 

RESET Resets Peak Value to Zero 

eLK Loads Output Register 

VIN Analog Input Signal 

D1 MSB Output 

D2 

03 

04 

05 

05 

07 
Dg LSB Output 

Figure 1. Timing with Separate RESET and CLK 

~ 1MIN~ 
ANALOG 
INPUT 

I
I I -~ ..... :~ u_-_ 1

1

, --F-UL-LS-CA-LE __ _ 

n Sns Sns 
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4 1..-- 1PWHR I I 
[\ 

1PWHC~ ~ 
DATA PEAK N. 1 I I I 
----j-1Hco 10~0 ~1,___ 

~ --I 21222A 

CLK 

PEAKN 
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Value 87 Package Pins 

+5.0V 8 

-5.2V 6, 9 

o.ov 5, 10 

o.ov 18, 21 

O.OV 17 

-2.0V 22 

TTL !Active LOW) 24 

TTL !Active LOW) 11 

TTL !Active LOW) 23 

TTL !Active HIGH) 16 

TTL !Rising Edge) 7 

O.OV to - 2.0V 19 

TTL 1 

TTL 2 

TTL 3 

TTL 4 
TTL 12 

TTL 13 

TTL 14 

TTL 15 

Figure 2. Timing with Common RESET and CLK 
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---
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21223A 
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Figure 3. Simplified Analog Input Equivalent Circuits 

'•o~lSh~ ~t ~ 
VEEA VRB 

C1N IS A NONLINEAR JUNCTION CAPACITANCE 

vi!!! IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 

Figure 4. Digital Input Equivalent Circuit 

21188A 

Figure 6. Recommended Input Circuit 

VIDEO 
OPERATIONAL 
AMPLFIER 
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TDC1035 

VIN 

21224A 

REFERENCE VEE 
RESISTOR 
CHAIN 21191A 

Figure 5. Output Circuits 

---ovcc 

160!l 
TO 
OUTPUT o--..-.­
PIN 

40pF 1 
LOAD1 -= 

Figure 7. Variation of Accuracy as a Function 
of Width, "Square" Input Pulse 
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Output Coding 

Binary Offset Two's Complement 

Ra11ge True lnver~ed True Inverted 
-2.0000V FS __: 2;0480V FS MINV= 1 0 0 1 

Step 7.8431 mV Step ·8.000mV Step LINV = 1 0 1 0 

000 o.oooov o.oooov 00000000 11111111 10000000 01111111 
001 -0.0078V -0.0080V 00000001 11111110 10000001 01111110 

• • • . . . • . . . . . . . . • . . • • • 
127 -0.992211 -1.0160V 01111111 10000000 11111111 00000000 
128 -1.0000V .. .. -1.0240V 10000000 01111111 00000000 11111111 
129 -1.0078V 

,· 
-1.0320V 10000001 01111110 00000001 11111110 . . . . • • • . . . . . . . . . . . • • • 

254 -1.9844V -.2.0240V 11111110 00000001 01111110 10000001 
255 -1.9922V -2.0320V 11111111 00000000 01111111 10000000 

Absolute maximum ratings !beyond which the device may be damaged) 1 
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Supply Voltages 

V CC (measured to DGNDl .............................................................................................................................................. - 0.5 to + 7 .OV 
VEE (measured to DGNDl .............................................................................................................................................. - 7.0 to + 0.5V 
AGND (measured to DGNDl ........................................................................................................................................... -0.5 to + 0.5V 

Input Voltages 
RESET, CLK, OE, MINV, LINV (measured to AGNDl ............................................................. : .................................. -0.5 to +5.5V 

VIN· VRT• VRB (measured to AGNDl ······························:·······:··· .. :····························································· .. ··· IVEE - 0.5) to + 0.5V 
VRT (measured to VRsl ····················:···················:······················: .... : ............................................................................ -2.2 to +2.2V 

Outputs 
Applied voltage (measured to DGNDl .... : .. -. ........ : ..................................................................................................... -0.5 to +0 .. 5V 2 

Applied current (externally forced)· .......................................................................................................................... -1.0 to 6.0mA 3.4 

Short-circuit duration (single output HIGH to shorted to ground) .................................................................................... 1 Second 

Temperature 
Operating, ambient ......... .-.. _. .................................... , ...................................................................................................... -55 to + 125°C 

junction ...................................................................................................................................................................... + 175°C 
Lead, soldering (1 o seconds) ..................................................................................................................................................... + 300°C 

_Storage_ ............................................................................................................................................................................ -65 to +150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance is guaranteed only if specified operating conditions 
are met. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage 4.75 5.0 5.25 4.50 5.0 5.5 v 
VEE Negative Supply Voltage -4.90 -5.2 -5.5 -4.90 -5.2 -5.5 v 
VAGND Analog Ground Voltage -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tpwHR Reset Minimum Pulse Width, HIGH 20 20 ns 
CLK Minimum Pulse Width, LOW 20 

t· 
20 

. ·i -·-·· 
tpwLC ns 

tpwHC CLK Minimum Pulse Width, HIGH 20 20 ns 

SR Input Signal Slew Rate 250 250 V/µ,S 

V1L Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Currclnt, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µ,A 

VRT Reference Voltage, Top -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VRB Reference Voltage, Bottom -1.8 -2.0 -2.2 -1.8 -2.0 -2.2 v 
VRT-VRB Reference Voltage Span 1.8 2.0 2.2 1.8 2.0 2.2 v 

VIN Input Voltage Range VRT VRB VRT VRB v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 + 125 oc 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Ice Positive Supply Current Vee= Max, Static 35 35 mA 

IEE Negative Supply Current VEE= Max, Static -160 -160 mA 

IREF Reference Current VRT-VRs=Nom 35 35 mA 

RREF Reference Resistance Total, RT to R8 57 57 Ohms 

R1N Input Equivalent Resistance (DC) VRT, VRB =Norn, VIN= VRB 50 50 kOhms 

C1N Input Capacitance, Analog VRT, VRB =Norn, VIN= VRB 50 50 pF 

lcs Input Constant Bias Current VEE=Max 250 350 µ,A 

l1L Input Current Logic LOW Vee= Max, VIL= 0.4V -500 -500 µ,A 

l1H Input Current Logic HIGH Vee= Max, V1H = 2.4V 50 50 µ,A 

l1M Input Current, VIN= Max Vee= Max, V1H = 5.5V 1 1 mA 

lozL Hi-Z Output Leakage Current, Output LOW Vcc=Max, Vo=OV -30 30 -30 30 µ,A 

lozH Hi-Z Output Leakage Current, Output HIGH Vee= Max, Vo=5V -30 30 -30 30 µ,A 

las Short-Circuit Output I Vee= Max, Output HIGH, one -50 -50 mA 

output tied to DGND for 1 second. 

Vol Output Voltage, Logic LOW Vcc=Max, loL =Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vcc=Min, loH=Max 2.4 2.4 v 
C1N Input Capacitance, Digital 10 10 pF 

Note: 1. Worst case, all digital inputs and outputs LOW. 
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Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

tpc CLK Setup Time Vee= Min, VEE= Min, Load 1 30 30 ns 

tRp RESET Delay Vee= Min, VEE= Min, Load 1 5 5 ns 

too Output Delay Vcc=Min, VEE=Min, Load 1 35 35 ns 

1HO Output Hold Time Vee= Min, VEE= Min, Load 1 5 5 ns 

trns Output Disable Time Vee= Min, VEE= Min, Load 1 20 20 ns 

1ENA Output Enable Time Vee= Min, VEE= Min, Load 1 70 90 ns 

Note: 1. tRP and tpc are the guaranteed maximum lengths of the ambiguity periods. 

System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

~LI Linearity Error, Integral, Independent VRT, VRB =Norn 0.2 0.2 o/oFS 

ELD Linearity Error, Differential VRT, VRB =Norn 0.2 0.2 o/oFS 

cs Code Size VRT, VRB =Norn 30 170 30 170 % Nominal 

1MIN Analog Input Pulse Width Square Pulse, 

15% Accuracy 12 12 ns 

DC Accuracy 30 30 ns 

EDT Offset Error, Top V1N=VRT ±8 ±8 mV 

Eos Offset Error, Bottom V1N=VRB ± 15 ±15 mV 

Teo Offset Error, Temperature Coefficent VRT, VRB, Vee- VEE= Norn ±20 ±20 µ,Vl°C 

Applications Discussion 

Under certain conditions, the real component of the 
input impedance may go negative at frequencies near 
1DOMHz. To prevent oscillation at the input signal port, 
TRW recommends connecting the input signal to the 
TDC1035 via a series-connected resistor of at least 

10 Ohms located close to the device. Further, if the 
signal bandwidth is not already limited so that the input 
slew rate limit is not exceeded, external circuitry is also 
recommended. The circuit shown in Figure 6 
accomplishes both goals. 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1035B7C STD-TA=0°C to 10°c Commercial 24 Pin CERDIP 1035B7C 

TDC1035B7V EXT - Tc= -55°C to 125°C MIL-STD-883 24 Pin CERDIP 1035B7V 

All parameters rn this specification are guaranteed design, characterization, sample testing or 100% testing, as approprrate. TRW reserves the right to 
change products and specifications without notice. information does not convey any license under patent rights of TRW Inc. or others 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can be expected to result in personal The user of rnw LSI Products Inc. components rn Irle support applications assumes all risk 
of such use and TRW LSI Products Inc. agarnst all 
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Monolithic Video A/D Converter 
8-Bit, 20Msps, Low Power 

The TRW TDC1038 is a flash analog-to-digital converter 
capable of converting a video-speed signal into a stream 
ul 8-ui[ Ji\JiLdi wurJ~ dL 20ivisµs (iviegaSampies Per 
Second). It is pin-for-pin compatible with the industry­
standard TDC1048 but uses half the power. Since the 
TDC1038 is a flash converter, a sample-and-hold circuit 
is not required. 

The TDC1038 consists of 255 clocked latching 
comparators, combining logic, and an output register. A 
single convert clock controls the conversion operation. 
The unit can be configured to give either true or 
inverted outputs, in binary or offset two's complement 
coding. All digital 1/0 is TTL compatible. 

Features 
• 8-Bit Resolution 
• DC To 20Msps Conversion Rate 
• 7MHz Full-Power Bandwidth 
• 30M Hz Small Signal - 3dB Bandwidth 
• 1 /2 LSB Linearity 

Pin Assignments 

D1(MSe) 1 
D2 2 
D3 3 
D4 4 

DGND 5 
Vee 6 

VEE 7 
VEE 8 
VEE 9 
Vee 10 

DGND 11 
NLINV 12 

D5 13 
D6 14 

28 NMINV 
27 RM 
26 Re 

25 ~ND 
24 NC 

23 VIN 
22 NC 
21 VIN 
20 NC 

19 ~ND 
18 Rr 
17 CONV 
16 D8 (LSe) 
15 D7 

,__ __ ___. 21201A 

28 Pin CERDIP - B6 Package 
28 Pin Plastic DIP - N6 Package 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla, CA 92038 

• 700mW Power Dissipation 
• + 5V, - 5.0V !Or - 5.2V) Supply Operation 
• Low Cost 
• Drop-In Replacement For TDC1048 
• Sample-And-Hold Circuit Not Required 
• Analog Input Range 0 To - 2V 
• Differential Phase 0.3 ° 
• Differential Gain 0.7 % 
• Selectable Data Format 
• Available In Plastic DIP, CERDIP, And PLCC 

Applications 
• Digital Television 
• Electronic Warfare 
• Low Power Upgrade For TDC1048 
• Video Digitizing 
• Medical Imaging 
• High Energy Physics 
• Low Cost, Low Power, High-Speed Data Conversion 

Re 26 
RM 27 

NMINV 28 
D1 (MSe) 1 

D2 2 
D3 3 
D4 4 

0 0 :z :z 
c:Ju :z: u :z u o 

<C :z >-:z >-:z: <C 

U')cor---.com~:::: 

ouwwwoc 
~~>w~~>u t§ 

0 0 

18 Rr 
17 CONV 
16 D8 (LSe) 
15 D7 
14 D5 
13 D5 
12 NLINV 

21202A 

28 Lead Plastic J-Leaded Chip Carrier - R3 Package 
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TDC1038 -~··· .,, .. 
Functional Block Diagram 

NMINV>------------------~ 

NLINV >---------------------. 
CONV>-------------+----o-~-+----~ 

VIN ?"""°;====::;---;:=i.----l-...., 
Rr>-+--~ 

·Functional Description 

General Information 

DIFFERENTIAL 
COMPARATORS 
(255) 

The TDC1038 has three functional sections: a comparator 
array, encoding logic, and output registers. The compar­
ator array compares the input signal with 255 reference 
voltages to produce an N-of-255 code !or thermometer 
code, since all the comparators whose reference is more 
negative than the input signal will be on, and all those 
whose reference is more positive will be offl. The en­
coding logic converts the N-of-255 code into the user's 
choice of coding. The. output register holds the output 
constant between updates. 
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Power 

255T08 
ENCODER REGISTER 

8 

21203A 

The TDC1038 operates from two supply voltages: + 5.0V 
and - 5.0V. - 5.2V may be used with a slight increase 
in power dissipation. The return path for Ice. the current 
from the + 5.0V supply, is DGN D· The return for path 
IEE· the current from the - 5.0V supply, is AGND· All 
power and ground pins must be connected. 

Reference 

The TDC1038 converts analog signals in the range 
VRB.;;;;; V1N.;;;;; VAT into digital form. The specifications of 
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Reference (cont.) 

the TDC1038 are guaranteed with VRT !the voltage 
applied to the top of the reference resistor chain) at 
0.0 ± 0.1V and VRB !the voltage applied to the bottom 
of the reference resistor chain) at -2.0 ± 0.1V. 

Linearity is guaranteed with no adjustment; however, a 
midpoint tap, RM, allows trimming of converter integral 
linearity as well as the creation of a nonlinear transfer 
function. This 1s explained 1n the App11cat1on Note TP-19 
"Non-Linear AID Conversion". The circuit shown in 
Figure 6 will provide approximately a 1/2 LSB adjust­
ment of the linearity at midscale. The characteristic 
impedance seen at this node is approximately 220 Ohms 
and should be driven from a low-impedance source. Note 
that any load applied to this node will affect linearity, 
and any noise introduced at this point will degrade the 
overall quantization SNR. Due to the slight variation in 
the reference current with clock and input signals, RT 
and Rs should be low-impedance-to-ground points. For 
circuits in which the reference is not varied, a bypass 
capacitor (0.01 to 0.1 µF) to ground is recommended. If 
the reference inputs are exercised dynamically las in an 
automatic gain control circuit) a low-impedance reference 
source is required. The reference voltages may be varied 
dynamically up to 5MHz; however, device performance is 
specified with fixed reference voltages as defined in the 
Operating Conditions Table. 

Analog Input 

For precise quantization, the TDC1038 uses latching 
comparators. For optimum overall system performance the 
source impedance of the driving circuit must be less than 
25 Ohms. If the input signal is between the VRT and 
VRB references, the output will be a binary number from 
O to 255. When a signal outside the recommended input 
voltage range ID to - ZV) is applied, the output will 
remain at either full-scale value. The input signal will not 
damage the TDC1038 if it remains within the range 
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specified in the Absolute Maximum Ratings Table. 
Both analog input pins are connected together internally 
and therefore either one or both may be used. 

Convert 

The TDC1038 requires an external convert ICONV) signal. 
Because the TDC1038 is a flash converter it does not 
;eqL:[:e e track-and-hc!d circ:..:~t. A sarr:p!e is t3kc:i (the 
outputs of the comparators are latched) within tsTO 
!Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded and then transferred to the 
output registers on the next rising edge. The digital 
output for sample N becomes valid to after the rising 
edge of clock N + 1 and remains valid until tHo after the 
rising edge of clock N + 2. !See Figure 1, Timing 
Diagram.) 

Output Format Control 

Two output format control pins, NMINV and NLINV, are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These active LOW pins may be tied to Vee (through a 
4.7 kOhm resistor) for a logic 1 or DGND for a logic 0. 

Outputs 

The outputs of the TDC1038 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) loads 
or the equivalent. The outputs hold the previous data for 
a minimum of tHO after the rising edge of the CONVert 
signal. 

Not Connected 

There are several pins that have no internal connection 
to the chip. They should be left open. 
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Package Interconnections 

Signal Signal 86, N6, RJ 
Type Name Function Value Package Pins 

Power Vee Digital Supply Voltage +5.0V 6, 10 

VEE Analog Supply Voltage -5.0V 7, 8, 9 

AGND Analog Ground o.ov 19, 25 

DGND Digital Ground o.ov 5, 11 

Reference RT Reference Resistor !Top) o.ov 18 

RM Reference Resistor !Middle) -1.0V 27 

Rs Reference Resistor !Bottom) -2.0V 26 

Analog Input VIN Analog Signal Input OV to -2V 21, 23 

Convert CDNV Convert TTL 17 

Format Control NMINV Not Most Significant Bit Invert TTL 28 

NLINV Not Least Significant Bit Invert TTL 12 

Data Output D1 Most Significant Bit Output TTL 1 

D2 TTL 2 

D3 ··. TTL 3 

04 TTL 4 

D5 TTL 13 

05 TTL 14 

07 TTL 15 

Ds Least Significant Bit Output TTL 16 

Not Connected NC Not Connected Open 20, 22, 24 

Figure 1. Timing Diagram 

1· F~ >1-C: tPWH~tPWL__, 
coNv Y,...s-NA-M-PL_E_\ / SAMPLE \ /,...s_A_M-PL...,...E---..\ / 

.Ji '-· ---'·1 N+1 . 1· ·1 N+2 ...... ---'· 
\ 

ANALOG INPUT 

_.j ~ tsTO f.-- 10--->j 

DIGITAL OUTPUT I %XXX ~~~A XX)Q( ~ATA xxxx ~~T~ xxxx 
-.~1_...,...·___.~1 .. """"' ....... ____ .;.;_.;..._ __ ___........., ........ l.._ __ .......:..;'------...UOUl...x..i..----..:.:...;...:_ __ ~..x...l"-K....l 

tHO 21190A 
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Figure 2. Simiplified Input Circuits 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRB iS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rs 

Figure 3. Convert Input Equivalent Circuit 

Vee 

20kD 

21192A 

Output Coding Table 

Binary 

True 

Input NMINV=HIGH 
Voltage NLINV=HIGH 

O.OOOOV 0000 0000 

-0.0078V 0000 0001 . . . . . . 
-0.9922V 0111 1111 

-1.0000V 1000 0000 

-1.0078V 1000 0001 

• . . . . . 
-1.9844V 1111 1110 

-1.9922V 1111 1111 

VIN o----+---1 

REFERENCE 
RESISTOR 
CHAIN 

Figure 4. Output Circuit 

21191A 

TO 
• -----i>--+------OOUTPUT ~l~TOP_u.,.T ____ .... 

OUTPUT EQUIVALENT 
CIRCUIT 

40pF 

LOAD 1 
TEST LOAD 
FOR DELAY 
MEASUREMENTS 

21193A 

Offset Two's Complement 

Inverted True Inverted 

NMINV=LOW NMINV=LOW NMINV=HIGH 
NLINV=LOW NLINV=HIGH NLINV=LOW 

1111 1111 1000 0000 0111 1111 

1111 1110 1000 0001 0111 1110 . . . . . . . . . 
1000 0000 1111 1111 0000 0000 

0111 1111 0000 0000 1111 1111 

0111 1110 0000 0001 1111 1110 . . . . . . . . . 
0000 0001 0111 1110 1000 0001 

0000 0000 0111 1111 1000 0000 

Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logic 1 or tied to ground for a logic 0. 

2. Voltages are code midpoints. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

90 

Supply Voltages 

Vee !measured to DGNDI ............................................................................................................................................... -0.5 to + 7.0V 

VEE !measured to AGNDI ............................................................................................................................................... +0.5 to -7.0V 

AGND !measured to DGNDI ........................................................................................................................................... - 0.5 to + 0.5V 

Input Voltages 2 

CONV, NMINV, NLINV !measured to DGNDI .................................................................................................. -0.5 to !Vee + 0.5V) 

VIN• VRT VRB !measured to AGNDI .............................................................................................................................. VEE to + 0.5V 

VRT !measured to VRsl ................................................................................................................................................. -2.2 to + 2.2V 

Input Currents 3 

CONV, NMINV, NLINV .................................................................................................................................................. -50 to +50mA 

VIN• VRT• VRB ............................................................................................................................................................ -100 to + lOOmA 

Output 
Applied voltage 2 !measured "to DGNDI ........................................................................................................... -0.5 to IVcc + 0.5VJ 

Applied current 3, externally forced ........................................................................................................................... -20 to +20mA 

Short circuit duration !single output in HIGH state to ground) ......................................................................................... 1 Second 

Temperature 

Operating, ambient !all packages except N6 and R3) ............................................................................................. -55 to + 125°C 

IN6 and R3 packages only) ........................................................................................................................ - 20 to + 90°C 

junction !all 11ackages) ............................................................................................................................................. + 175°C 

Lead, soldering, all packages 11 (j seconds) ............................................................................................................................. + 300°C 

Storage, all packages .................................................................................................................................................... - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions 
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are 
guaranteed only if the Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max Units 

Vee Digital Supply Voltage 4.75 5.0 5.25 v 
VEE Analog Supply Voltage -4.75 -5.0 -5.5 v 

' 

VAGND Analog Ground Voltage (Measured to DGNDl -0.1 0 +0.1 v 
tpwL CONVert Pulse Width, LOW 19 ns 

tpwH CONVert Pulse Width, HIGH 27 ns • VIL Input Voltage, Logic LOW 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 v 

loL Output Current, Logic LOW 4.0 mA 

1DH Output Current, Logic HIGH -400 µ.A 

VRT Most Positive Reference Input 1 -0.1 0.0 0.1 v 
VR8 Most Negative Reference Input 1 -1.9 -2.0 -2.1 v 
VRT-VR8 Voltage Reference Differential 1.8 2.0 2.2 v 

VIN Input Voltage VR8 VRT v 
TA Ambient Temperature, Still Air 0 70 oc 

Note: 1. VAT must be more positive than VRB· and voltage reference differential must be within specified range. 

Thermal characteristics !approximate) 

Parameter Package Typical Units 

eia Thermal Resistance, Junction to Ambient N6 45 °C/W 

R3 65 °C/W 

86 50 °C/W 

eic Thermal Resistance, Junction to Case N6 17 °C/W 

R3 14 °C/W 

86 12 °C/W 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

Ice Positive Supply Current Vcc=Maxi 45 mA 

IEE Negative Supply Current VEE=Max I -165 mA 

IREF Reference Current VRT' VRs=Nom 30 mA 

RREF Total Reference Resistance 67 Ohms 

R1N Input Equivalent Resistance VRT' VRB =Norn, VIN= VRB 80 kOhms 

C1N Input Capacitance VRT, VRB =Norn, VIN= VRB 50 pF 

lcs Input Constant Bias Current VccA=Max 250 µA 

11L Input Current, Logic LOW Vcc=Max, v1=0.4V -0.6 mA 

l1H Input Current, Logic HIGH Vcc=Max, v1=2.4V -200 50 µA 

11 Input Current, Max Input Voltage Vcc=Max, v1=Vcc=Max 1.0 mA 

Vol Output Voltage, Logic LOW Vee= Min, loL =Max 0.5 v 
VoH Output Voltage, Logic HIGH Vee= Min, loH =Max 2.4 v 

los Short-Circuit Output Current Vee= Max, Output HIGH, one pin to -40 mA 

ground, one second duration max. 

C1 Digital Input Capacitance TA=25°C, F=lMHz 15 pF 

Note: 1. Worst case. all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

Fs Maximum Conversion Rate 20 Msps 

tsTo Sampling Time Offset -2 10 ns 

to Output Delay Vee= Min, Load 1, Figure 4 30 ns 

tHo Output Hold Time Vee= Max, Load 1, Figure 4 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

Eu Linearity Error Integral, Independent VRT• VRB =Norn 0.2 % 

ELD Linearity Error Differential 0.2 % 

cs Code Size 25 175 % Norn 

cDT "''" ',... .,... 'v'1N='vRT . " -" Ull:::.t:a CllVI, IUfJ T '" lllV 

EDB Offset Error, Bottom V1N=VRB -15 mV 

Teo Offset Error, Temperature Coefficient -20 +20 µ.V/oC 

BW Bandwidth, Full Scale Input No Spurious or Missing Codes 7 MHz 

BWss -3dB Bandwidth, Small Signal - 20dBFS Input 30 MHz 

tTR Transient Response, Full Scale 40 ns 

SNR Signal-to-Noise Ratio 1 OM Hz Bandwidth, 

20Msps Conversion Rate 

Peak Signal/RMS Noise 1.248MHz Input 54 dB 

2.438MHz Input 53 dB 
RMS Signal/RMS Noise 1.248MHz Input 45 dB 

2.438MHz Input 44 dB 

EAP Aperture Error 60 ps 

DP Differential Phase Error Fs=4x NTSC 1.0 Degree 
DG Differential Gain Error Fs=4x NTSC 2.0 % 

Figure 5. Typical Interface Circuit +SV 
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Figure 6. Optional Midscale Linearity Adjust 
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Re 
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Typical Interface Circuit 

21194A 

The Typical Interface Circuit (Figure 5) shows a wide­
band operational amplifier driving the AID converter 
directly. Bipolar inputs to the op amp can be accom­
modated by adjusting the offset control. TRW's TDe4611 
provides a stable reference for the offset and gain 
controls. All V1N pins are connected close to the device 
package and the input amplifier's feedback loop should 
be closed at that point. The buffer has an inverting gain 
of two. increasing a 1Vp-p video input signal to the 

Evaluation Board 

The TDe1038E1 e is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of.. the rne1038 AID converter. The board 
dimensions are 1 OD mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generator, wideband video 
input amplifier, and a rne1012 12-bit DIA converter 
which may be used in evaluating certain parameters of 
the TDe1038. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TDe1038 and 
rne1012 installed. 
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Figure 7. Typical SINAD vs. Input Frequency 
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recommended 2Vp-p input for the TDe1038. Proper 
decoupling is recommended for all systems. 

The bottom reference voltage (VRBl is. supplied by an 
inverting amplifier or the TDe4611, buffered with a PNP 
transistor. The transistor provides a /ow-impedance source 
and is necessary to sink the current flowing through the 
reference resistor chain. 

Power and Ground 

Four power supply voltages are required for the opera­
tion of the TDe1038E1e: Vee= +5V, VEE= -5.2V, 
V + = + 15V and V - = -15V. All power inputs are 
decoupled to a single solid ground plane. GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

Voltage Reference Generator 

The rne1038E1 e has a voltage reference generator 
circuit for driving the RB terminal of the TDe1038. With 
RT grounded, a variable - 2V is supplied to RB from U2 
and 02. The GAIN potentiometer provides ± 10% 
adjustment range on the RB voltage. Diodes 03 through 
06 act as clamps which protect the TDe1038 from 
power-on conditions that might violate absolute 
maximum ratings and damage the TDe1038. 
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Video Input Amplifier 

The input amplifier of the TDC1038E1 C. U3, has been 
designed to accept a ± 0.5V input range and translate 
that signal to the OV to - 2V range of the TDC1038. 
The output of this amplifier can be monitored at the 
AOUT SMA connector which is connected to the V1N 
terminals of the TDC1038 through a 4 700 resistor. The 
OFFSET potentiometer. R29, gives a ± 0.5V offset 
adjustment ranae to the board. 

A/D Converter Inputs 

The clock to the TDC1038, CONV. is normally brought 
onto the board through the SMA connector labeled 
"CONV." By installing jumper J1, this signal is routed 
through the edge connector pin 82. A location for a 
terminating resistor, R14 is available on the board for 
terminating a clock cable. The NMINV and NLINV inputs 
to the TDC1038 are pulled HIGH with resistors and may 
be pulled LOW by installing jumpers J2 and J3. 

The analog signal input to the TDC1038E1 C is brought 
onto the board by way of the SMA connector labeled 
"A1N" near pin 28 of the TDC1038. A terminating 
resistor, R23, is included on the board for terminating a 
500 analog input signal cable. 

A/D Converter Data Outputs and D/A Converter 
Data Inputs 

The eight data outputs of the TDC1038 are brought to 
edge connector pins 813 through 821 (excluding 818). 

TRW LSI Products Inc. 

These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of AID outputs to D/A 
inputs. 

D/A Converter Inputs 

The clock to the TDC1012, CLK. is normally brought onto l."­
the board through an SiviA connector labeled ·uK.. ~ 
near pin 16 of the TDC1012. A location for a terminating 
resistor. R6 is provided for clock cable termination. The 
clock to the TDC1012 is also brought to the edge 
connector pin 824. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge connector 
pins 828 and 827. Load resistors of 51. 10 are provided 
on the board to facilitate 500 cable connection to the 
board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0V as 
part of the factory test and calibration procedure. 

Removing the jumper in the location labeled "FT" will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 reconstruction. 
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TOC1038E1C Silkscreen Layout 

D/A CONUERTER 

D~D 
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(11 

·~·· TDC 1038E 1 C 
TRW LSI Products Inc. 
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TDC1038E1C Component Side Layout 
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TDC1038E1C Circuit Side Layout 

• 

• 
• 

• • 
TDC1038E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1038E1C 

GNO A32 832 V- (-15V) AMP 532507-2 Wire-wrap 
GNO A31 831 V+ (+15V) AMP 532507-1 Solder tail 
GNO A30 830 NC 
GNO A29 829 NC Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GNO A28 828 D/A OUT+ Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GNO A27 827 O/A OUT-
GNO A26 826 NC Souriau 8609-264-6115-7550E1 Wire-wrap 
GNO A25 825 NC Souriau 8609-264-6114-7550E1 Solder tail 
GNO A24 824 O/A CLK 

Souriau 8609-264-6813-755DE1 Solder tail, GNO A23 823 NC 
GNO A22 822 NC right-angle 

O/A 01 MS8 A21 821 A/O 01 MS8 bend 
O/A 02 A20 820 A/O 02 
O/A 03 A19 819 A/O 03 

GNO A18 818 Vee 1+sv1 
O/A 04 A17 817 A/O 04 
O/A 05 A16 816 A/O 05 
O/A 05 A15 815 A/O 05 
O/A 07 A14 814 A/D 07 

O/A Os LS8 A13 813 A/O Os LS8 
NC A12 812 NC 
NC A11 811 NC 
NC A10 810 NC 
NC A9 89 NC 
NC AB 88 NC 
NC A7 87 NC 
NC A6 86 NC 
NC AS 85 NC 

GNO A4 84 NC 
GNO A3 83 NC 
GNO A2 82 A/O CONY 
GNO A1 81 VEE (-5.2V) 

TRW LSI Products Inc. 97 



TDC1038 

Figure 8. TDC1038E1C A/D Converter Schematic Diagram 
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Figure 9. TDC1038E1C D/A Converter Schematic Diagram 
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Ordering Information 

100 

Product Temperature Range Screening Package Package 
Number 

-"'-
Marking 

TOC103886C STD-TA=0°C to 70°C Commercial 28 Pin CERDIP 1038B6C 

TDC1038N6C STD-TA=0°C to 70°C Commercial 28 Pin Plastic DIP 1038N6C 

TDC1038R3C STD-TA=0°C to 70°C Commercial 28 Lead Plastic J-Leaded Chip Carrier 1038R3C 

TDC1038E1C STD-TA=0°C to 70°C - - Eurocard PC Board TDC1038E1C 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Video A/D Converter 
4-Bit, 25Msps 

Features 

• 4-Bit Resolution 
• 1 /4 LSB Non-Linearity 

The TRW TDC1044 is a 25Msps (MegaSample Per 
Second) fully parallel analog-to-digital converter, capable 
ui cu11ver [irry dll dlrdiUtJ ~itJrrcil vvith full-p0vv81 h8qu811Cy 

components up to 12.5MHz into 4-bit digital words. Use 
of a sample-and-hold circuit is not necessary for oper­
ation of the TDC1044. All digital inputs and outputs are 
TTL compatible. 

• Sample-And-Hold Circuit Not Required 
• ')h.l\/kn0 rnm10t'C:-inn ~::ito 

t:...VlWlVt-'U ''·•"-'''".._.!Ul ...... I < I''""'~'-' 

• Selectable Output Format 
• Available In A 16 Pin DIP 

The TDC1044 consists of 15 latching comparators, 
encoding logic, and an output register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in 
binary or offset two's complement coding. 

Functional Block Diagram 

Applications 

• Video Special Effects 
• Radar Data Conversion 
• Medical Imaging 
• Image Processing 

NMINV >-------------------. 
NLINV >------------------. 
CONV >-------------+-------4>--if--t-------. 

VIN >-------;:::: ___ _ 
Ar >--+----. 

RM 

REFERENCE 
RESISTOR 
CHAIN 

• • 
• 

• 
• 
• 

TRW LSI Products Inc. 
PO Box 2472 
La Jolla, CA 92038 

• • • 

DIFFERENTIAL 
COMPARATORS 1151 

• 
• 
• 15 TO 4 

ENCODER 

• 
• 
• 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

LATCH 01-4 
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Pin Assignments 

AGNO 1 16 CONV 

VIN 2 15 04 (LSB) 

NC 3 14 03 

RT 4 13 02 

Re 5 12 o1 (MSB) 

VEE 6 11 OGNO 

NLINV 7 10 Vee 

RM 8 9 NMINV 

16 Pin DIP - 89 Package 
16 Pin Plastic DIP - N9 Package 

Functional Description 

General Information 

The TDC1044 has three functional sections: a comparator 
array, encoding logic, and an output register. The 
comparator array compares the input signal with 15 
reference voltages to produce an N-of-15 code 
!sometimes referred to as a "thermometer" code, as all 
the comparators referred to voltages more positive than 
the input signal will be off, and those referred to 
voltages more negative than the input signal will be on). 
The encoding logic converts the N-of-15 code into binary 
or two's complement coding, and can invert either 
output code. This coding function is controlled by DC 
signals on pins NMINV and NLINV. The output register 
holds the output constant between updates. 

Power 

The TDC1044 operates from two power supply voltages, 
+ 5.0V and - 5.2V. The return for Ice !the current 
drawn from the + 5.0V supply) is DGND· The return for 
IEE !the current drawn from the -5.2V supply) is AGND· 
All power and ground pins must be connected. 

104 

Reference 

The TDC1044 converts analog signals in the range 
VRs~VIN~VRB into digital form. VRB !the voltage 
applied to Rg at the bottom of the reference resistor 
chain) and VRT !the voltage applied to RT at the top of 
the reference resistor chain) should be between + 0.1V 
and -1.1V. VRT should be more positive than VRB 
within that range. The voltage applied across the 
reference resistor chain IVRT-VRsl must be between 
0.4V and 1.3V. The nominal voltages are VRT= O.OOV 
and VRB = -1.00V. These voltages may be varied 
dynamically up to 10MHz. Due to slight variation in the 
reference currents with clock and input signals, RT and 
Rg should be low-impedance points. For circuits in which 
the reference is not varied, a bypass capacitor to ground 
is recommended. If the reference inputs are varied 
dynamically las in an Automatic Gain Control circuit), a 
low-impedance reference source is required. A reference 
middle, RM, is also provided; this may be used as an 
input to adjust the mid-scale point in order to improve 
integral linearity. This point may also be used as a tap to 
supply a mid-scale voltage to offset the analog input. If 
VRM is used as an output, it must be connected to a 
high input impedance device which has small input 
current. Noise at this point may adversely affect the 
performance of the device. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC !i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vee for a logic 
"1" and DGND for a logic "O." 

Convert 

The TDC1044 requires a CONVert iCONV) signal. A 
sample is taken !the comparators are latched) within 
tsrn after a rising edge of CONV. The coded result is 
translated to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
itHol after the rising edge of the CONV signal. New 
data becomes valid after a maximum delay time, to. 
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Analog Input 

The TDC1044 uses latching comparators which cause 
the input impedance to vary slightly with the signal level. 
For optimal performance, the source impedance of the 
driving circuit must be less than 25 Ohms. The input 
signal will not damage the device if it remains within 
the range of VEE to + 0.5V. If the input signal is at a 
voltage between VRT and VRB, the output will be a 
binarv code between 0 and 15 inclusive. A siqnal 
outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal 
is off-scale in the positive or negative direction. 

Package Interconnections 

Signal Signal 
Type Name Function 

Outputs 

The outputs of the TDC1044 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads. The outputs hold the previous data a 
minimum time (tHol after the rising edge of the CONV 
signal. Data becomes valid after a maximum delay time 
(to) after the rising edge of CONV. For optimum per­
formance, 2.2 kOhm pull-up resistors are recommended. 

No Connects 

Pin 3 of the TDC1044 is labeled No Connect (NC), and 
has no connection to the chip. Connect this pin to AGND 
for best noise performance. 

Value 89, N9 Package Pins 

Power Vee Positive Supply Voltage +5.aV 10 

VEE Negative Supply Voltage -5.2V 6 

DGND Digital Ground a.av 11 

AGND Analog Ground a.av 1 

Reference RT Reference Resistor Top a.av 4 

RM Reference Resistor Middle -a.5V 8 

Rs Reference Resistor Bottom -1.aV 5 

Controls NMINV Not Most Significant Bit INVert TTL 9 

NLINV Not Least Significant Bit INVert TTL 7 

Convert CONV Convert TTL 16 

Analog Input VIN Analog Signal Input av to -1v 2 

Outputs D1 Most Significant Bit Output TTL 12 

D2 TTL 13 

03 TTL 14 

04 Least Significant Bit Output TTL 15 

No Connects NC No Connect AGND 3 
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Figure 1. Timing Diagram 

DIGITAL OUTPUT 

Figure 2. Simplified Analog Input Equivalent Circuit 
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Figure 3. Digital Input Equivalent Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 

Input Voltages 

Output 

Temperature 

Notes: 

Operating conditions 

Parameter 

Vee 

VEE 

VAGNO 

tpwL 

tpwH 

VIL 

V1H 

loL 

10H 

VAT 

VRB 

VRrVRB 

VIN 

TA 

Tc 

Vee !measured to OGNOI ........................................................... .. ............................................................................................ -0.5 to + 7.0V 

VEE !measured to AGNOI .. .. ............................................................. .. .. ............................................................................................ +0.5 to - 7.0V 

AGND !measured to OGNol ................................. . ................................... .. .. ...................................................................................... -0.5 to +0.5V 

CONV, NMINV, NLINV !measured to DGNDI . ..... . .................................. .. ......................... -0.5 to +5.5V 

Vir'4· VnT· Vns !mea51_1rPrl tn AGND\ ............................. +0.5 to V~~V 

VAT !measured to VRsl .......................................................................................................................................................................................... -2.2 to + 2.2V 

Applied voltage !measured to DGNDI .................................................................. .. .................................................................................... -0.5 to +5.5V 2 

Applied current externally forced ................................................ .. ...................................................................................... -1.0 to + 6.0mA 3.4 

Short circuit duration (single output in high state to ground) ........................................................................................................................................ 1 sec 

Operating, ambient .................................................................................................................................................................................................... -55 to + 125'C 

junction ................................................................................................................................................................................................................... + 150°C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................. +300'C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

Forcing voltage must be limited to specified range. 

Current 1s specified as positive when flowing into the device. 

Temperature Range 
Standard Extended 

Min Norn Max Min Norn Max 

Positive Supply Voltage !Measured to OGNOI 4.75 5.0 5.25 4.5 5.0 5.5 

Negative Supply Voltage !Measured to AGNol -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 

Analog Ground Voltage (Measured to DGNol -0.1 0.0 0.1 -0.1 0.0 0.1 

CONV Pulse Width, LOW 17 17 

CONV Pulse Width, HIGH 17 17 

Input Voltage, Logic LOW O.B O.B 

Input Voltage, Logic HIGH 2.0 2.0 

Output Current, Logic LOW 4.0 2.0 

Units 

v 
v 
v 

ns 

ns 

v 
v 

mA 

Output Current, Logic HIGH -400 -400 µA 

Most Positive Reference -1.9 0.0 0.1 -1.9 0.0 0.1 v 
Most Negative Reference -2.1 -1.0 -0.1 -2.1 -1.0 -0.1 v 
Reference Differential 0.2 1.0 2.0 0.2 1.0 2.0 v 

Input Voltage VRB VAT VRB VAT v 

Ambient Temperature, Still Air 0 70 'C 

Case Temperature -55 125 'C 
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Electrical characteristics within specified operating conditions 

lampeniUe Rmge 
Standard Extended 

Parameter last Condtions Min Max Min Max Units 

'cc Positive Supply Current Yee - MAX. static 1 15 20 mA 

'ee Negative Supply Current Vee - MAX, staticT 

!A_ - o•c to 71l"C -50 mA 

TA - 10°c -40 mA 

Tc - -ss•c to 125°c -65 mA 

Tc - -125°c -35 mA 

IREF Reference Current VRT• VRB • NOM 2 2 mA 

RREF Total Reference Resistance 500 500 Ohms 

R1N Input Equivalent Resistance VRT• VRB • NOM, VIN • VRB :m 100 kOhms 

C1N Input Capacitance 25 25 pF 

'ce Input Constant Bias Current Vee - MAX 25 50 µA 

Ill Input Current, Logic LOW Vee - MAX, v, - 0.5V CONY -0.4 -0.6 mA 

NMINV, NLINV -0.6 -0.8 mA 

l1H Input Current, Logic HIGH Vee - MAX, v, - 2.4V 50 50 µA 
,, Input Current, Max Input Voltage Vee - MAX, v, - 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee - MIN, 'oL - MAX 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee - MIN, 'oH - MAX 2.4 2.4 v 

1os Short Circuit Output Current Vee • MAX, One pin ta ground, one second -30 -30 mA 

duration, Output HIGH. 

c, Digital Input Capacitance TA • 25°C, F • 1MHz 15 15 pF 

Note: 
1. Worst case: all digital inputs and outputs LOW. 

Switching characteristics wittin specified operating conditions 

lamparatma Range 
Stamlll'd Extended 

Parameter last Conlitions Min Max Min Max Units 

Fs Maximum ConYe!Sion Rate Vee - MIN, Vee - MIN 25 25 MSPS 

tsrn Sampling Time Offset Vee - MIN, Vee - MIN 10 15 ns 

to Digital Output Delay Vee - MIN, VEE - MIN, Load 1 30 35 ns 

1Ho Digital Output Hald Time Vee - MAX, Vee - MAX, Load I 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error Integral, Independent VRB - NOM 1.6 1.6 % 

ELO Linearity Error Differential 1.6 1.6 % 

cs Code Size VAT• VRB - NOM 75 125 75 125 % Nominal 

Ear Offset Error Top VIN - VAT +30 +30 mV 

EoB Offset Error Bottom VIN - VRB +40 +40 mV 

Teo Offset Error Temperature Coefficient ±20 ±20 µV/°C 

BW Bandwidth, Full Power Input 12.5 12.5 MHz 

1TR Transient Response, Full Scale 10 10 ns 

EAP Aperture Error 30 30 ps 

Output Coding Table 1 

Binary Offset Two's 
Complement 

Range True Inverted True Inverted 

-1.00V FS NMINV = 1 0 0 1 

NLINV - 1 0 1 0 

o.ooov ODDO 1111 1000 0111 
-0.067V 0001 1110 1001 0110 
-0.133V 0010 1101 1010 0101 
-0.200V 0011 1100 1011 0100 
-0.267V 0100 1011 1100 111111 
-0.333V 0101 1010 1101 111110 
-0.400V 0110 1001 1110 0001 
-0.467V 0111 1000 1111 111100 
-0.533V 1000 0111 ODDO 1111 
-0.600V 1001 0110 0001 1110 
-0.667V 1010 0101 0010 1101 
-0.733V 1011 0100 0011 1100 
-0.BOOV 1100 111111 011111 1011 
-0.867V 1101 0010 0101 1010 
-0.933V 1110 111101 0110 1001 
-1.000V 1111 ODDO 0111 1000 

Note: 

1. Input voltages are at code centers. 
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Calibration 

To calibrate the TOC1044, adjust VRT and VRB to set 
the 1st and 15th thresholds to the desired voltages. 
Assuming a OV to -1V desired range, continuously 
strobe the converter with - 0.0033V (1 /2 LSB from 
O.OOOV) on the analog input, and adjust VRT for output 
toggling between codes 0000 and 0001. Then apply 
- 0.967V (1 /2 LSB from -1.000V) and adjust VRB for 
toggling between codes 1110 and 1111. Instead of 
adjusting VRT· RT can be connected to analog ground 
and the OV end of the range calibrated with an amplifier 
offset control. Rs is a convenient point for gain 
adjustment that is not in the analog signal path. 

Typical Interface Circuit 

The TDC1044 does not require a special input buffer 
amplifier to drive the analog input because of its low 
input capacitance. A terminated low-impedance 
transmission line ( < 100 Ohms) connected to the V1N 
terminal of the device is sufficient if the input voltage 
levels match those of the AID converter. 

However, many driver circuits lack sufficient offset 
control, drive current, or gain stability. The Typical 
Interface Circuit in Figure 5 shows a simple amplifier 
and voltage reference circuit that may be used with the 
device. U2 is a wide-band operational amplifier with a 
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gain factor of -1. A small value resistor, R12, serves to 
isolate the small input capacitance of the AID converter 
from the amplifier output and insure frequency stability. 
The pulse and frequency response of the amplifier are 
optimized by variable capacitor C12. The reference 
voltage for the TDC1044 is generated by amplifier U3. 
System gain is adjusted by varying R9 which controls the 
reference voltage level to the A/D converter. 

Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 

R1 = 

(~~~) - 10100 

and 

( 1000 R1 ) 
R2 =ZIN - 1000+R1 

where VR is the input voltage range of the circuit, Z1N is 
the input impedance of the circuit, and the constant 
1000 comes from the value of R3. As shown, the circuit 
is set up for 1Vp-p 75 Ohm video input. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC104489C STD-TA =0°C to 70°C Commercial 16 Pin DIP 104489C 
TDC104489V EXT-Tc=-55°C to 125°C MIL-STD-883 16 Pin DIP 104489V 

TDC1044N9C STD-TA= 0°c to 70°C Commercial 16 Pin Plastic DIP 1044N9C 

All parameters contained in this spec1ficat1on are guaranteed by design, characterization. sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Video A/D Converter 
6-Bit, 25Msps 

The TRW TDC1046 is a 25Msps IMegaSample Per 
Secondl full-parallel lflashl analog-to-digital converter, 
capable of converting an analog signal with full-power 
frequency components up to 12.5MHz into 6-bit digital 
words. Use of a sample-and-hold circuit is not necessary 
for operation of the TDC1046. All digital inputs and 
outputs are TTL compatible. 

• Sample-And-Hold Circuit Not Required 
• TTL Compatible 
• 25Msps Conversion Rate 
• Selectable Output Format 
• Available In An 18 Pin CERDIP 
• Low Cost 
• Low Analog Input Capacitance 

The TDC1046 consists of 63 clocked latching compara­
tors, encoding logic, and an output buffer register. A 
single convert signal controls the conversion operation. 
The unit can be connected to give either true or 
inverted outputs in binary or offset two's complement 
coding. 

• Available Per Standard Military Drawing 

Applications 
• Low Cost Video Digitizing 
• Medical Imaging 

Features • Data Acquisition 

• 6-Bit Resolution 
• 1 /4 LSB Linearity 

• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

Functional Block Diagram 
NMINV >---------------------. 

NLINV >------------------. 
CONV >-------------e-----e--+--+-----. 

VIN 
Ry ~+==::;-, 

R 

R 

R 

R 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

• • • 

DIFFERENTIAL 
COMPARATORS 
1831 

• • • 
63 TO 6 
ENCODER 

Phone: 1619) 457-1000 
fAX: 1619) 455-6314 

LATCH 
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Pin Assignments 

VIN 1 ~ 18 Re 
RT 2 [ 17 AGNO 

OGNO 3 16 OGNO 
NMINV 4 15 CONY 

(MSB) 01 5 14 05 (lSBl 
02 6 13 05 
03 7 12 04 

Vee a 11 NLINV 

VEE 9 10 Vee 

18 Pin CERDIP - SS Package 

Functional Description 

General Information 

The TDC1046 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 63 reference 
voltages to produce an N-ot-63 code (sometimes referred 
to as a "thermometer" code, as all the comparators 
referred to voltages more positive than the input signal 
will be off, and those referred to voltages more negative 
than the input signal will be on). The encoding logic 
converts the N-ot-63 code into binary or offset two's 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output 
constant between updates. 

Power 

The TDC1046 operates from two supply voltages, + 5.0V 
and - 5.2V. The return for Jee, the current drawn from 
the + 5.0V supply, is DGND· The return for IEE, the 
current drawn from the - 5.2V supply, is AGND· All 
power and ground pins must be connected. 

Reference 

The TDC1046 converts analog signals in the range 
VRS <V1N <VRT into digital form. VRS (the voltage 
applied to Rs at the bottom of the reference resistor 
chain) and VRT (the voltage applied to RT at the top of 
the reference resistor chain) should be between + 0.1 V 
and -1.1 V. VRT should be more positive than VRs 

114 

within that range. The voltage applied across the 
reference resistor chain (VRT-VRs) must be between 
0.8V and 1.2V. The nominal voltages are VRT = O.OOV and 
VRs = -1.00V. These voltages may be varied dynamically 
up to 12.5MHz. Due to variation in the reference 
currents with clock and input signals, RT and Rs should 
be low-impedance-to-ground points. For circuits in which 
the reference is not varied, a bypass capacitor to ground 
is recommended. It the reference inputs are exercised 
dynamically (as in an Automatic Gain Control circuit), a 
low-impedance reference source is required. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vee for a logic 
"1" and DGN D tor a logic "O'.' 

Convert 

The TDC1046 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within 5ns 
(tsrol after a rising edge on the CONV pin. This time is 
tsm Sampling Time Offset. The 63 to 6 encoding is 
performed on the falling edge of the CONV signal. The 
coded result is transferred to the output latches on the 
next rising edge. The outputs hold the previous data a 
minimum time (tHol after the rising edge of the CONV 
signal. 

Analog Input 

The TDC1046 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-oft or become 
active. For optimal performance, the source impedance of 
the driving circuit must be less than 50 Ohms. The input 
signal will not damage the TDC1046 if it remains within 
the range of VEE to + 0.5V. If the input signal is at a 
voltage between VRT and VRs, the output will be a 
binary number between 0 and 63 inclusive. A signal 
outside this range will indicate either full-scale positive 
or full-scale negative, depending on whether the signal is 
off-scale in the positive or negative direction. 
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Outputs 

The outputs of the TDC1046 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads or the equivalent. The outputs hold the 
previous data a minimum time (tHol after the rising edge 

of the CONV signal. Data is guaranteed to be valid 
after a maximum delay time (to) after the rising edge of 
CONV. For optimum performance, 2.2 kOhm pull-up 
resistors are recommended. 

Package Interconnections 

Signal Signal 
Type Name Function Value BB Package Pins 

Power Vee Positive Supply Voltage +5.0V 8, 10 

VEE Negative Supply Voltage -5.2V 9 

DGND Digital Ground o.ov 3, 16 

AGND Analog Ground o.ov 17 

Reference VRT Reference Resistor (Top) o.ov 2 

VRB Reference Resistor (Bottom) -1.0V 18 

Controls NMINV Not Most Significant Bit INVert TTL 4 

NLINV Not Least Significant Bit INVert TTL 11 

Convert CONV Convert TTL 15 

Analog Input VIN Analog Signal Input OV to -lV 1 

Outputs D1 MSB Output TTL 5 

D2 TTL 6 

D3 TTL 7 

D4 TTL 12 

D5 TTL 13 

D5 LSB Output TTL 14 

Output Coding Table 1 

Binary Two's Complement 

Range True Inverted True Inverted 
NMINV=1 0 0 1 

15.8730mV Step NLINV=1 0 1 0 

o.oooov 000000 111111 100000 011111 

-0.0159V 000001 111110 100001 011110 . • • . . . • . • • 
• . • • . 

-0.4921V 011111 100000 111111 000000 
-0.5079V 100000 011111 000000 111111 
-0.5238V 100001 011110 000001 111110 

• . • • • 
• . • • . 
• • • . . 

-0.9841V 111110 000001 011110 100001 
-1.0000V 111111 000000 011111 100000 

Note: 1. Voltages are code midpoints when calibrated !see Calibration section!. 
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Figure 1. Timing Diagram 
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Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply vohages 

Vee !measured to DGNol ................................................... ................................ ......................... . ...................................................... -0.5 to + 7.0V 

VEE !measured to AGND) ........................................................................................................................................................................................... +0.5 to - 7.0V 

AGND !measured to DGNDl ...................................................................................................................................................................................... -0.5 to +0.5V 

Input vohages 

CDNV, NMINV, NLINV !measured to DGNDl ......................................................................................................................................................... -0.5 to +5.5V 

VIN· VRT· VRB !measured to AGND) ........................................................................................................................................................................... +0.5 to VEE 

VRT !measured to VRel ............................................................................................................................................................................................. + 1.2 to -1.2V 

Output 

Applied voltage !measured to DGNol ...................................................................................................................................................................... -0.5 to 5.5V2 

Applied current, externally forced ....................................................................................................................................................................... -1.0 to 6.0mA3,4 

Short circuit duration !single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction .................................................................................................................................................................................................................... + 175'C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................. + 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within spec1f1ed operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2 Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage !measured to DGND) 4.75 5.0 5.25 4.5 5.0 5.5 v 
VEE Negative Supply Voltage !measured to AGND) -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage !measured to DGND) -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tpwL CONV Pulse Width ILOW) 15 15 ns 

tpwH CONV Pulse Width IHIGH) 17 17 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
-

V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 2.0 mA 

loH Output Current, Logic HIGH -0.4 -0.4 mA 

VAT Most Positive Reference Input I -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VRB Most Negative Reference Input T -0.9 -1.0 -1.1 -0.9 -1.0 -1.1 v 
VRrVRB Voltage Reference Differential 0.8 1.2 0.8 1.2 v 

VIN Input Voltage VRB VRT VRB VRT v 

TA Ambient Temperature, Still Air 0 70 

Tc Case Temperature -55 125 "C 

Note: 
1. VRT must be more positive than VRB· and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Positive Supply Current V CC = MAX, static 1 20 25 mA 

IEE Negative Supply Current VEE = MAX, statiCT 

TA = O'C to 70°C -95 mA 

TA = 70°C -75 mA 

TC • -55°C to 125°C -150 mA 

Tc = 125°C -75 mA 

IREF Reference Current VRT, VRB = NOM 10 15 mA 

RAEF Total Reference Resistance VRT - VRB = MAX 100 66 Ohms 

R1N Input Equivalent Resistance VRT, VRB = NOM, VIN = VRB 40 40 kOhms 

CIN Input Capacitance 30 30 pF 

lcs Input Constant Bias Current VEE = MAX 105 180 µA 

Ill Input Current, logic LOW Vee = MAX, V1 = 0.5V CONV -0.4 -0.6 mA 

NMINV, NLINV -0.6 -0.8 mA 

lli_ Input Current, logic HIGH Vee = MAX, V1 = 2.4V 50 50 pA 

11 Input Current, Max Input Voltage Vee = MAX, V1 = 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee = MIN, loL = 2 mA 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee = MIN, loH = MAX 2.4 2.4 v 

las Short Circuit Output Current V CC • MAX, One pin to ground, -30 -30 mA 

one second duration, output HIGH 

C1 Digital Input Capacitance TA = 25°C, F = lMHz 15 15 pF 

Note: 
1. Worst case, all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate Vee - MIN, VEE - MIN 25 25 MSPS 

1srn Sampling Time Offset Vee - MIN, VEE - MIN 5 10 ns 

to Output Delay Vee = MIN, VEE = MIN, Load 1 30 35 ns 

IHO Output Hold Time Vee - MAX, VEE - MAX, Load 1 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error Integral, Independent VRT• VRB =Norn 0.4 0.4 % 

ELD Linearity Error Differential 0.4 0.4 % 

cs Code Size VRT• VRB =Norn 50 150 50 150 % Nominal 

c._ nu ...... + c ......... T,.. .. \I - \I __ . en ; 5C ";';',v "UI Ull.ll;;L L-IJUl1 1up 'IN- 'HI 

EoB Offset Error, Bottom V1N=VRB -30 -30 mV 

Teo Temperature Coefficient (Offset Voltage) ±20 ±20 µV/°C 

BW Bandwidth, Full Power Input 12.5 12.5 MHz 

trn Transient Response, Full-Scale 10 10 ns 

SNR Signal-to-Noise Ratio 12.5MHz Bandwidth, 

25Msps Conversion Rate 

Peak Signal/RMS Noise 1MHz lllJl.Ut 42 36 dB 

12.5MHz Input 40 32 dB 

RMS Signal/RMS Noise lMHz lllJl.Ut 33 33 dB 

12.5MHz Input 31 29 dB 

EAP Aperture Error 

Calibration 

To calibrate the TDC1046, adjust VRT and VRB to set 
the 1st and 63rd thresholds to the desired voltages. In 
the Functional Block Diagram, note that R1 is greater 
than R, ensuring calibration with a positive voltage on 
RT. Assuming a OV to -1V desired range, continuously 
strobe the converter with - 0.0079V on the analog 
input, and adjust VRT for output toggling between codes 
00 and 01. Then apply -0.9921V and adjust VRB for 
toggling between codes 62 and 63. Instead of adjusting 
VRT· RT can be connected to analog ground and the OV 
end of the range calibrated with a buffer offset control. 
Rs is a convenient point for gain adjust that is not in 
the analog signal path. These techniques are employed 
in Figure 5. 

Typical Interface Circuit 

The TDC1046 does not require a special input buffer 
amplifier to drive the analog input because of its low 
analog input capacitance. A terminated low-impedance 
transmission line ( < 100 Ohms) connected to the V1N 
terminals of the TDC1046 is sufficient if the input 
voltage levels match those of the AID converter. 

However, many driver circuits lack sufficient offset 
control, drive current, or gain control. The Typical 
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Interface Circuit (Figure 5) shows a simple buffer 
amplifier and voltage reference circuit that may be used 
with the TDC1046. U2 is a wide-band operational 
amplifier with a gain factor of - 2. A small value 
resistor, R12, serves to help isolate the input capacitance 
of the AID converter from the amplifier output and 
insure frequency stability. The pulse and frequency 
response of the buffer amplifier are optimized by variable 
capacitor C12. 

The reference voltage for the TDC1046 is generated by 
amplifier U3 and PNP transistor 01 which supplies the 
reference current. System gain is adjusted by varying R9 
which controls the reference voltage level to the AID 
converter. 

Input voltage range and input impedance for the circuit 
are determined by resistors R1 and R2. Formulas for 
calculating values for these input resistors are: 

R1= 

( 2VR) _ 
Z1N 

_1_ 
1000 
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Typical Interface Circuit (cont.) where VR is the input voltage rahge of the circuit, Z1N is 
the input impedance of the circuit, and the constant 
1000 comes from the value of R3. As shown, the circuit 
is set up for 1Vp-p 75 Ohm video input. 

and 
R2=Z1N - ( 1000 R1 ) 

1000+R1 

Figure 5. Typical Interface Circuit 
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Standard Military Drawing the sole controlling document defining the SMD product. 

These devices are also available as products manufac~ 
tured, tested, and screened in compliance with Standard 
Military Drawings ISMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD is 

Ordering Information 

Product Temperature Range 
Number 

Standard Military 
Drawing 

5962-87786-0lVA 

Screening 

TOC1046B8C STO-TA=0°C to 70°C Commercial 
TOC1046B8V EXT-Tc= -55°C to 125°C MIL-STD-883 

5962-87786-0lVC EXT-Tc= -55°C to 125°C Per Standard Military Drawing 

Nearest Equivalent 
TRW Product No. 

TOC1046B8V 

Package 

18 Pin CEROIP 
18 Pin CERDIP 

18 Pin CERDIP 

Package' 

18 Pin CERDIP 

Package 
Marking 

1046B8C 
1046BBV 

5962-87786-0lVC 

All parameters contained in this specification are guaranteed by design, characterization. sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of .TRW Inc. or others. 
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Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1047 

Monolithic Video A/D Converter 
7-Bit, 20Msps 

The TRW TDC1047 is a 20Msps (MegaSample Per 
Second) full-parallel (flash) analog-to-digital converter, 
.... ~ ......... hi~ ~-! .......... ...,,, ..... ~+:..., .... ,......, ....,,..,...,),...,,... ~:,,....,,..,I ,,,:+h +.,II ......... ,.,,..,,,. 
va~au1c; UJ UUllVCI Llll\j Oii OllOIU':::J 01\jllOI VVILll 1u11-i-;uvvc.1 

Features 

• 7-Bit Resolution 
• 1 /2 LSB Linearity frequency components up to 7MHz into 7-bit digital 

words. A sample-and-hold circuit is not necessary. All 
digital inputs and outputs are TTL compatible. 

• Sample-And-Hold Circuit Not Required 

The TDC1047 consists of 127 clocked latching compar­
ators, combining logic, and an output buffer register. A 
single convert signal controls the conversion operation. 
The unit can be connected to give either true or 
inverted outputs in binary or offset two's complement 
coding. 

The TDC104 7 is pin and function compatible with TRW's 
TDC1027, and offers increased performance with lower 
power dissipation. 

Functional Block Diagram 

• 20Msps Conversion Rate 
• Selectable Output Format 
• Available In 24 Pin CERDIP 

Applications 

• Low-Cost Video Digitizing 
• Medical Imaging 
• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

NMINV >--------------­
NLINV )'------------------, 
CONV r--------------+-t-----, 

VIN t--;:::==~--;::=1---h Ar }--f=:::::;-1 

TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 

• • • 

• • • 

DIFFERENTIAL 
COMPARATORS 
11271 

• • • 
127 TO 7 
ENCODER 

• • • 

Phone 1619) 457-1000 
FAX 1619) 455-6314 

LATCH 

01-7 
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TDC1047 

Pin Assignments 

VIN 1 24 VIN 
Ry 2 23 Re 

AGND 3 22 AGND 
DGND 4 21 DGND 

NMINV 5 20 eONV 
(MSB) D1 6 19 07 lLSB) 

Dz 7 18 05 
03 8 17 05 
04 9 1& Vee 

Vee 10 15 NLINV 
VEE 11 14 VEE 

AGND 12 13 AGND 

24 Pin CERDIP - 87 Package 

Functional Description 

General Information 

The TDC104 7 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 127 reference volt­
ages to produce an N-of-127 code (sometimes referred 
to as a "thermometer" code, as all the comparators 
referred to voltages more positive than the input signal 
will be off, and those referred to voltages more negative 
than the input signal will be on). The encoding logic 
converts the N-of-127 code into binary or offset two's 
complement coding, and can invert either output code. 
This coding function is controlled by DC signals on pins 
NMINV and NLINV. The output latch holds the output 
constant between updates. 

Power 

The TDC1047 operates from two supply voltages, + 5.0V 
and - 5.2V. The return for Ice, the current drawn from 
the + 5.0V supply, is DGND· The return for IEE, the 
current drawn from the - 5.2V supply, is AGND· All 
power and ground pins must be connected. 

Reference 

The TDC104 7 converts analog signals in the range 
VRs<V1N~VRT into digital form. VRB (the voltage. 
applied to the pin at the bottom of the reference resistor 
chain) and VRT (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+0.1V and -1.1V. VRT should be more positive than 
VRB within that range. The voltage applied across the 
reference resistor chain (VRT-VRsl must be between 0.8V 
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and 1.2V. The nominal voltages are VRT=O.OOV and 
VRB = -1.00V. These voltages may be varied dynamically 
up to 7MHz. Due to variation in the reference currents 
with clock and input signals, RT and Rs should be low­
impedance-to-ground points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are exercised 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source is 
recommended. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW as signified by the prefix "N" 
in the signal name. They may be tied to Vee for a logic 
"1" and DGND for a logic "O:' 

Convert 

The TDC104 7 requires a CONVert (CONV) signal. A 
sample is taken (the comparators are latched) within the 
Sampling Time Offset (tsrnl of a rising edge on the 
CONV pin. The 127 to 7 encoding is performed on the 
falling edge of the CONV signal. The coded result is 
transferred to the output latches on the next rising edge. 
The outputs hold the previous data a minimum time 
(tHol after the rising edge o.f the CONV signal. T.his 
permits the previous conversion result to be acquired by 
external circuitry at that rising edge, i.e., data for sample 
N is acquired by the external circuitry while the 
TDC1047 is taking input sample N+2. 

Analog Input 

The TDC104 7 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. For optimal performance, both V1N pins must be 
used and the source impedance of the driving circuit 
must be less than 30 Ohms. The input signal will not 
damage the TDC1047 if it remains within the range of 
VEE to + 0.5V. If the input signal is between the VRT 
and VRB references, the output will be a binary number 
between 0 and 127 inclusive. A signal outside this range 
will indicate either full-scale positive or full-scale 
negative, depending on whether the signal is off-scale in 
the positive or negative direction. 

TRW LSI Products Inc. 
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Outputs 

The outputs of the TDC104 7 are TTL compatible, and 
capable of driving four low-power Schottky TTL 154/74 
LSI unit loads or the equivalent. The outputs hold the 

previous data a minimum time itHol after the rising edge 
of the CONV signal. 

Package Interconnections 

Signal Signal 
Type Name Function Value 87 Package Pins 

Power Vee Positive Supply Voltage +5.0V 10, 16 

VEE Negative Supply Voltage -5.2V 11, 14 

OGNO Digital Ground o.ov 4, 21 

AGND Analog Ground o.ov 3, 12, 13, 22 

Reference RT Reference Resistor !Top) o.oov 2 

Rs Reference Resistor !Bottom) -1.00V 23 

Controls NMINV Not Most Significant Bit INVert TTL 5 

NLINV Not Least Significant Bit INVert TTL 15 

Convert CONV Convert TTL 20 

Analog Input VIN Analog Signal Input OV to -1V 1, 24 

Outputs D1 MSB Output TTL 6 

D2 TTL 7 

D3 TTL 8 

D4 TTL 9 

D5 TTL 17 

D5 TTL 18 

D7 LSB Output TTL 19 
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Figure 1. Timing Diagram 

CONV 

.. I. 'PWH r'PWL ~ ----

1 

SAMPLE 
N + 2 

-~·-· .. , .... 

DIGITAL OUTPUT I 
~---............................. __ _._. .................. ___ ..._ ....................... __ _. ..... 

1HO~~ 

Figure 2. Simplified Analog Input Equivalent Circuit 

Figure 3. Digital Input Equivalent Circuit 

Vee o------tt-----------
22K 

15K 
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VIN o----------'--------

1ce 

C1N IS A NONLINEAR JUNCTION CAPACITANCE 
VRe IS A VOLTAGE EOUAL TO THE VOLTAGE ON PIN Re 

Figure 4. Output Circuits 
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TO 
OUTPUT o-----• 
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CIRCUIT 
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LOAD 1 .,.. 

BIO!:l 

IN3062 

TEST LOAD FOR DELAY 
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Absolute maximum ratings !beyond which the device will be damagedl1 

SlwlY Vlllllgll 
Vee (mB11S1Jred to DGNol .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGNol ........................................................................................................................................................................................... +0.5 to -7.0V 

~ND (measured to DGNol ....................................................................................................................................................................................... -0.5 to +0.5V 

CONV, NMINV, NLINV (measured to OGNcY .......................................................................................................................................................... -0.5 to +5.5V l."-
Vir+ VRT· VRB (measured to ~Nol ........................................................................................................................................................................... +0.5 to Vee ~ 

VRT (measured to VRel .............................................................................................................................................................................................. +2.2 to -2.2V 

Applied voltage (measured to oGNol ........................................................................................................................................................................ -0.5 to 5.5V2 

Applied current, externally forced ........................................................................................................................................................................ -1.0 to 6.0mA3·4 

Short circuit duration (single output in high state to ground) ............................................................................................................................................ 1 sec 

Tampandln 

Operating. case ......................................................................................................................................................................................................... -55 to + 125°C 

junction .................................................................................................................................................................................................................... + 175°C 

Leed, soldering (10 seconds) ................................................................................................................................................................................................... +300°C 

Storage ......................................................................................................................................................................................................................... -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standm'd Extended 

Parllllllt• Test Comltions Min Nom Max Min Norn Max Units 

Vee Positive Supply Voltage (measured to OGNOI 4.75 5.0 5.25 4.5 5.0 5.5 v 
VEE Negative Supply Voltage (measured to AGNoi -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGNO Analog Ground Voltage (measured to OGNOI -0.1 0.0 0.1 -0.1 0.0 0.1 v 

ffJL CONV Pulse Width, LOW 14 14 ns 

tPWH CONV Pulse Width, HIGH 16 16 ns 

VIL Input Voltage, logic LOW 0.8 0.8 v 
VIH Input Voltage, logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 2.0 mA 

loH Output Current, Logic HIGH -0.4 -0.4 mA 

~ Most Positive Reference Input 1 -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VRB Most Negative Reference Input 1 -0.9 -1.0 -1.1 -0.9 -1.0 -1.1 v 
VRr-VRB Voltage Reference Differential 0.8 1.0 1.2 0.8 1.0 1.2 v 
VIN Input Voltage VRB VRT VRB VRT v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

Note: 
1. VAT must be more positive than VRB· and voltage reference differential must be within specified range. 
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TDC1047 -~·-· ,,, .. 
Electrical characteristics within specified operating conditions 

.... 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Ice Positive Supply Current V CC • Max, static 1 25 30 mA 

IEE Negative Supply Current VEE • Max, static 1 

TA - 0°C to 70°C -170 mA 

TA - 70°C -135 mA 

Tc • -55°C to 125°C -220 mA 

Tc - 125°C -130 mA 

IREF Reference Current VRT• VRB • Norn 35 50 mA 

RAEF Total Reference Resistance 28 20 Ohms 

R1N Input Equivalent Resistance VRT· VRB • Norn, VIN • VRB 100 40 kOhms 

GIN Input Capacitance 60 60 pf 

1cs Input Constant Bias Current VEE • Max 150 300 µA 

Ill Input Current, Logic LOW Vee - Max, V1 - 0.5V CONV -0.4 -0.6 mA 

NMINV, NLINV -0.6 -0.B mA 

11H Input Current, Logic HIGH Vee - Max, v1 - 2.4V 50 50 µA 

11 Input Current, Max Input Voltage Vee - Max. Vi - 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee - Min, loL - Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH V cc • Min, loH • Max 2.4 2.4 v 

los Short Circuit Output Current V cc • Max, one pin to ground, -30 -30 mA 

one second duration. 

C1 Digital Input Capacitance TA • 25°C, F • lMHz 15 15 pF 

Note: 
I. Worst case, all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate Vee - Min, VEE - Min 20 20 MSPS 

tsrn Sampling Time Offset Vee - Min, VEE • Min 7 10 ns 

to Output Delay Vee - Min, VEE • Min, Load 1 30 35 ns 

tHO Output Hold Time Vee - Max, VEE • Max, Load 1 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error Integral, Independent VRT• VRB = Norn 0.4 0.4 % 

ELD Linearity Error Differential 0.4 0.4 % 

cs Code Size VRT· VRB = Norn 30 170 30 170 % Nominal 

voT Offset Voltage Top VIN - VRT +50 +50 mV 

VoB Offset Voltage Bottom VIN = VRB -30 -30 mV 

Teo Temperature Coefficient ±20 ±20 µV/°C 

BW Bandwidth, Full Power Input 7 7 MHz 

trn Transient Response, Full Scale 10 10 ns 

SNR Signal-to- Noise Ratio 7MHz Bandwidth, 

20MSPS Conversion Rate 

Peak Signal/RMS Noise lMHz Input 48 46 dB 

7MHz Input 46 44 dB 

RMS Signal/RMS Noise lMHz Input 39 37 dB 

7MHz Input 37 35 dB 

EAP Aperture Error 50 50 ps 

DP Differential Phase Error I Fs·4xNTSC 1.5 1.5 Degree 

OG Differential Gain Error I Fs = 4 x NTSC 2.5 2.5 % 

Nole: 
1. In excess of quantization. 

Output Coding 

Binary Offset Two's 
Complement 

Step Range True Inverted True Inverted 

-1.0000V FS NMINV = 1 0 0 1 

7.874mV STEP NLINV = 1 0 1 0 

000 o.oooov 0000000 1111111 1000000 0111111 

001 -0.0078V 0000001 1111110 1000001 0111110 

• • • • . . 
• • • • • • . . . . . . 
063 -0.4960V 0111111 1000000 1111111 0000000 

064 -0.5039V 1000000 0111111 0000000 1111111 . . . • • • 
• . • • • • . • • • • • 
126 -1.9921V 1111110 0000001 0111110 1000001 

127 -1.0000V 1111111 0000000 0111111 1000000 

Note: 

1. Voltages are code midpoints when calibrated lsee Calibration Section/. 
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Calibration 

To calibrate the TDC1047, adjust VRT and VRB to set the 1st 
and 127th thresholds to the desired voltages in the block 
diagram. Note that Ri is greater than R, ensuring calibration 
with a positive voltage on Rr Assuming a OV to -1V desired 
range, continuously strobe the converter with -0.0039V on the 
analog input, and adjust VRT for output toggling between 

Figure 5. Typical Interface Circuit 

+5V 

-~··· 
··~·· 

codes 00 and 01. Then apply -0.9961V and adjust VRB for 
toggling between codes 126 and 127. Instead of adjusting VRT· 
RT can be connected to analog ground and the OV end of the 
range calibrated with a buffer offset control. Rs is a 
convenient point for gain adjust that is not in the analog signal 
path. These techniques are employed in Figure 5. 
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1. Unless otherwise specified, all resislors are 114W, 2%. 

( 1000 R2 ) 
2 R1 = ZIN - ---

1000 + R2 

3. R2 = 2V 

(~)-0.001 
VREF Z1N 

128 TRW LSI Products Inc. 



TDC1047 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1047B7C STD-TA=0°C to 10°c Commercial 24 Pin CERDIP 1047B7C 

TDC104787V EXT-Tc= -55°C to 125°C MIL-STD-883 24 Pin CERDIP 1047B7V 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support appl1cat1ons, wherein a failure or malfunction of the 
component can reasonably be expected to result m personal injury. I he user at I HVV L01 t-'roducts me components m 11Te support app11ca11ons assumes a11 r1sK 01 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1048 

Monolithic Video A/D Converter 
8-Bit, 20Msps 

The TRW TDC1048 is a 20Msps (MegaSample Per 
Secondl full-parallel (flashl analog-to-digital converter, 
capable of converting an analog signal with full-power 
frequency components up to 7MHz into 8-bit digital 
words. A sample-and-hold circuit is not necessary. Low 
power consumption eases thermal considerations, and 
board space is minimized with a 28 pin package. All 
digital inputs and outputs are TTL compatible. 

The TDC1048 consists of 255 clocked latching compar­
ators, combining logic, and an output buffer register. A 
single convert signal controls the conversion operation. 
The unit can be connected to give either true or 
inverted outputs in binary or offset two's complement 
coding. 

Features 
• 8-Bit Resolution 
• 20Msps Conversion Rate 
• Sample-And-Hold Circuit Not Required 

• Differential Phase 1 Degree 
• nifffmrntiAI GA in 7 O/n 

• 1 /2 LSB Linearity 
• Guaranteed Monotonic 
• TTL Compatible Outputs 
• Selectable Data Format 
• Available In 28 Pin Plastic DIP, CERDIP, Or LCC 
• MIL-STD-883 Compliant Screening Available 
• Available Per Standard Military Drawing 
• Evaluation Board - TDC1048E1 C 
• Also Available As A Complete Hybrid - THC1068 

Applications 
• Low-Cost Video Digitizing 
• Radar Data Conversion 
• Data Acquisition 
• Medical Imaging 

Functional Block Diagram •M1NV>-------------. 
NLINV)-------------, 
CONV)-------------...-+-+------, 

·~~t=;::;;::::::=;;-~f---h 

"' 

. . . 
255 TO 8 
ENCODER 

LATCH 
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Pin Assignments 

D1 (MSB) 1 28 NMINV 

D2 27 RM 

D3 26 Re 

D4 25 AGND 

DGND 24 VIN 

Vee 6 23 VIN 

VEE 22 VIN 

VEE 21 VIN 
VEE 9 20 VIN 
Vee 10 19 AGND 

DGND 11 18 RT 
NLINV 12 17 CONV 

o5 13 16 08 (LSB) 
D5 14 15 D7 

28 Pin CERDIP - B6 Package 
28 Pin Plastic DIP - N6 Package 

Functional Description 

General Information 

The TDC1048 has three functional sections: a comparator 
array, encoding logic, and output latches. The comparator 
array compares the input signal with 255 reference 
voltages to produce an N-of-255 code (sometimes 
referred to as a "thermometer" code, as all the compar­
ators below the signal will be on, and all those above 
the signal will be off). The encoding logic converts the 
N-of-255 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. The output latch holds the output constant 
between updates. 

Power 

The TDC1048 operates from two supply voltages, + 5.0V 
and - 5.2V. The return for Ice, the current drawn from 
the + 5.0V supply, is DGND· The return for IEE, the 
current drawn from the - 5.2V supply, is AGND· All 
power and ground pins must be connected. 

Reference 

The TDC1048 co~verts analog signals in the range 
VRB <V1N <VRT into digital form. VRB (the voltage 
applied to the pin at the bottom of the reference resistor 
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Rs 26 
RM 27 

NMINV 28 
D1 (MSB) 

D2 
03 3 
D4 4 

cowwwuc 
zuwwwo:z: 
(.!)> > > > > (!J 

0 0 

18 RT 
17 CONV 
16 08 (LSB) 
15 D7 
14 D5 
13 D5 
12 NLINV 

28 Contact Chip Carrier - C3 Package 
28 Leaded Plastic Chip Carrier - R3 Package 

chain) and VRT (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+0.1V and -2.1V. VRT should be more positive than 
VRB within that range. The voltage applied across the 
reference resistor chain (VRT-VRBl must be between 1.8V 
and 2.2V. The nominal voltages are VRT= O.OV, 
VRB= -2.0V. 

A midpoint tap, RM, allows the converter to be adjusted 
for optimum linearity, although adjustment is not neces­
sary to meet the linearity specification. It can also be 
used to achieve a nonlinear transfer function. The circuit 
shown in Figure 5 will provide approximately 1 /2 LSB 
adjustment of the linearity midpoint. The characteristic 
impedance seen at this node is approximately 2200, 
and should be driven from a low-impedance source. Note 
that any load applied to this node will affect linearity, 
and noise introduced at this point will degrade the 
quantization process. 

Due to the variation in the reference currents with clock 
and input signals, RT and Rs should be low-impedance­
to-ground points. For circuits in which the reference is 
not varied, a bypass capacitor to ground is recom­
mended. If the reference inputs are exercised dynami­
cally, (as in an automatic gain control circuit), a low­
impedance reference source is required. The reference 
voltages may be varied dynamically up to 5MHz. 
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Control 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the prefix 
"N" in the signal name. They may be tied to Vee for a 
loqic ''1" and Dr,1\1 [l for a loqic ''O:' 

Convert 

The TDC1048 requires a convert (CONV) signal. A 
sample is taken (the comparators are latched) within 
15ns after a rising edge on the CONV pin. This time is 
tsm Sampling Time Offset. This delay varies by a few 
nanoseconds from part to part and as a function of 
temperature, but the short-term uncertainty (jitter) in 
sampling offset time is less than 1 DD picoseconds. The 
255 to 8 encoding is performed on the falling edge of 
the CONV signal. The coded result is transferred to the 
output latches on the next rising edge. Data is held valid 
at the output register for at least tHO· Output Hold 
Time, after the rising edge of CONV. New data becomes 
valid after a Digital Output Delay, to, time. This permits 
the previous conversion result to be acquired by external 
circuitry at that rising edge, i.e., data for sample N is 

Package Interconnections 

Signal Signal 

acquired by the external circuitry while the TDC1048 is 
taking input sample N + 2. 

Analog Input 

The TDC1 D48 uses strobed latching comparators which 
cause the input impedance to vary with the signal level, 
as comparator input transistors are cut-off or become 
active. As a result, for optimal performance, the source OI 
impedance of the driving device must be less than 25Q. • 
The input signal will not damage the TDC1048 if it 
remains within the range of VEE to + D.5V. If the input 
signal is between the VRT and VRB references, the out-
put will be a binary number between D and 255 
inclusive. A signal outside this range will indicate either 
full-scale positive or full-scale negative, depending on 
whether the signal is off-scale in the positive or negative 
direction. All five analog input pins must be connected 
together. 

Outputs 

The outputs of the TDC1048 are TTL compatible, capable 
of driving four low-power Schottky TTL (54/74 LS) unit 
loads or the equivalent. The outputs hold the previous 
data a minimum time (tHol after the rising edge of the 
CONVert signal. For optimum performance, 2.2 kn pull­
up resistors are recommended. 

86, N&, C3, R3 
Type Name Function Value Package Pins 

Power Vee Positive Supply Voltage +5.0V 6, 10 

VEE Negative Supply Voltage -5.2V 7, 8, 9 

DGND Digital Ground o.ov 5, 11 

AGND Analog Ground o.ov 19, 25 

Reference RT Reference Resistor (Top) o.ov 18 

RM Reference Resistor (Middle) -0.996V 27 

Rs Reference Resistor (Bottom) -2.0V 26 

Controls NMINV Not Most Significant Bit INVert TTL 28 

NLINV Not Least Significant Bit INVert TTL 12 

Convert CDNV Convert TTL 17 

Analog Input VIN Analog Signal Input OV to -2V 20, 21, 22, 23, 24 
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Package Interconnections (cont.) 

Signal Signal 
Type Name 

Outputs 01 
02 

03 

04 

05 
De 
07 
Ds 

Figure 1. Timing Diagram 

CONY 

1 

Fs 

Function 

MSB Output 

LSB Output 

SAMPLE 
N + 2 

Value 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

86, N6, CJ, RJ 
Package Pins 

1 

2 

3 
4 

13 
14 

15 

16 

DIGITAL OUTPUT I 
~..:..-""""'11....i"-"''-¥...-...... ~~ ................... &..; ...... ~~~~ .................. _.... ............ ~~ ......... 

Figure 2. Simplified Analog Input Equivalent Circuit 
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REFERENCE 
RESISTOR 
CHAIN 

VIN o--e-----e-------------. 

Ice 

VeEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRe IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 
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Figure 3. Convert Input Equivalent Circuit 

Vee 0--------------
10K 

5K 

Output Coding Table 

Step Range 

-2.0000V FS -2.0480V FS 
7.8431 mV Step 8.000mV Step 

000 o.oooov o.oooov 
001 -0.0078V -0.00BOV . • • . • • 
• • • 

127 -0.9961V -1.0160V 
128 -1.0039V -1.0240V 
129 -1.0118V -1.0320V . . • . . • 
• • . 

254 -1.9921V -2.0320V 
255 -2.0000V -2.0400V 

Figure 4. Output Circuits 

True 

NMINV=1 
NLINV=1 

00000000 
00000001 

• 
• 
• 

01111111 
10000000 
10000001 

• 
• 
• 

11111110 
11111111 

+Vee 
-e--+--o Vee 

Binary 

11on 
TO 
OUTPUT o-----­
PIN 

OUTPUT EOUIVALENT 
CIRCUIT 

1N3062. 
LOAD 1 .,.. 
TEST LOAD FDR DELAY 
MEASUREMENTS 

Offset Two's Complement 

Inverted True Inverted 

0 0 1 
0 1 0 ---

11111111 10000000 Oi il 1111 
11111110 10000001 01111110 

• • • 
• • • 
• . . 

10000000 11111111 00000000 
01111111 00000000 11111111 
01111110 00000001 11111110 

• • • 
• • • 
• • . 

00000001 01111110 10000001 

00000000 01111111 10000000 

Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logical .. , .. and tied to ground for a logical ·w· 
2. Voltages are code midpoints when calibrated by the procedure given below. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 

Vee !measured to DGNDl .............................................................................................................................................. -0.5 to + 7.0V 

VEE !measured to AGNDl ....... , ............................................................................. , ........................................................ + 0.5 to - 7.0V 

AGND !measured to DGNDl ........................................................................................................................................... -0.5 to +0.5V 

Input Voltages 

CONV, NMINV, NLINV !measured to DGNDl ............................................................................................................. - 0.5 to + 5.5V 

VIN• VRT• VRB !measured to AGNDl ....................................................................... , ....................................................... + 0.5 to VEE 
VRT !measured to VRsl ................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage !measured to DGNDl ....................................................................................................................... -0.5 to + 5.5V 2 

Applied current,. externally forced ....................................................................................................................... -1.0 to + 6.0mA 3.4 

Short circuit duration !single output in HIGH state to ground) ......................................................................................... 1 Second 

Temperature 

Operating, ambient ............ : ........................................................... : ............................................................................... - 55 to + 125°C 

junction ...................................................................................................................................................................... + 175°C 

Lead, soldering 11 O seconds) ..................................................................................................................................................... + 300°C 
Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage 4.75 5.0 5.25 4.50 5.0 5.50 v 
VEE Negative Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage !Measured to DGNDl -0.1 0 +0.1 -0.1 0 +0.1 v 
tpwL CONV Pulse Width, LOW 18 18 ns 

tpwH CONV Pulse Width, HIGH 22 22 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 p.A 

VRT Most Positive Reference Input I -0.1 0.0 0.1 -0.1 0.0 +0.1 v 
VRB Most Negative Reference Input 1 -1.9 -2.0 -2.1 -1.9 -2.0 -2.1 v 
VRT-VRB Voltage Reference Differential 1.8 2.0 2.2 1.8 2.0 2.2 v 
VIN Input Voltage VRB VRT VRB VRT v 

!A Ambient Temperature, Still Air 0 70 oc 
Tc Case Temperature -55 125 oc 
Note: 1. VRT Must be more positive than VRB· and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

'cc Positive Supply Current Vee= Max, static 1 35 40 mA 

IEE Negative Supply Current VEE= Max, static I 

TA=0°C to 70°C -260 mA 
T;.. =7n°r. -185 mA 

Tc= -55°C to 125°C -320 mA 

Tc= 125°C -180 mA 

IREF Reference Current VRT• VRB=Nom 40 50 mA 

RREF Total Reference Resistance 50 40 Ohms 

RtN Input Equivalent Resistance VRT• VRB=Nom, V1N=VRB 10 10 kOhms 

C1N Input Capacitance VRT• VRB=Nom, V1N=VRB 100 100 pF 

lcB Input Constant Bias Current VEE=Max 200 550 µ,A 

ltl Input Current, Logic LOW Vcc=Max, v1=0.5V 
CONV -0.4 -0.4 mA 

NMINV, NLINV -0.6 -0.6 mA 

ltH Input Current, Logic HIGH V CC= Max, Vi= 2.4V 50 50 µ,A 
,, Input Current, Max Input Voltage Vee= Max, V1=5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee= Min, loL =Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee= Min, loH =Max 2.4 2.4 -v--

'os Short Circuit Output Current Vee= Max, Output HIGH, one pin to -30 -30 mA 

ground, one second duration max. 

C1 Digital Input Capacitance TA=25°C, F=1MHz 15 15 pF 

Note: 1. Worst case, all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate Vcc=Min, VEE=Min 20 20 Msps 

tsrn Sampling Time Offset Vcc=Min, VEE=Min 0 10 0 15 ns 

to Digital Output Delay Vcc=Min, VEE=Min, Load 1 30 35 ns 

tHo Digital Output Hold Time Vee= Max, VEE= Max, Load 1 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error Integral, Independent VRT, VRB=Nom 0.2 0.2 % 

ELD Linearity Error Differential 0.2 0.2 % 

cs Code Size 25 175 25 175 % Nominal 

EDT Offset Error, Top V1N=VRT +40 +40 mV 

EoB Offset Error, Bottom V1N=VRB -30 -30 mV 

Teo Offset Error, Temperature Coefficient ±20 ±20 µV/°C 

BW Bandwidth, Full Power Input 7 5 MHz 

'TR Transient Response, Full-Scale 20 20 ns 

SNR Signal-to-Noise Ratio 20Msps Conversion Rate, 

10MHz Bandwidth 
Peak Signal/RMS Noise 1.248MHz Input 54 53 dB 

2.438MHz Input 53 52 dB 
RMS Signal/RMS Noise 1.248MHz Input 45 44 dB 

2.438MHz Input 44 43 dB 

EAP Aperture Error 60 60 ps 

DP Differential Phase Error Fs=4xNTSC 1.0 1.0 Degree 

DG Differential Gain Error Fs=4xNTSC 2.0 2.0 % 

NPR Noise Power Ratio DC to BMHz White Noise 36.5 36.5 dB 

Bandwidth 4 Sigma Loading 

1.248MHZ Slot 

20Msps Conversion Rate 

Calibration 

To calibrate the TDC1048, adjust VRT and VRs to set 
the 1st and 255th thresholds to the desired voltages. 
Note that R 1 is greater than R, ensuring calibration with 
a positive voltage on Rr. Assuming a OV to - 2V 
desired range, continuously strobe the converter with 
.:... 0.0039V (1 /2 LSS from DV) on the analog input, and 
adjust VRT for output toggling between codes OD and 
01. Then apply -1.996V (1/2 LSS from -2V) and 
adjust VRB for toggling between codes 62 and 63. 

The degree of required adjustment is indicated by the 
offset error. Ear and Eos. Offset errors are generated 
by the inherent parasitic resistance between the package 
pin and the actual resistor chain on the integrated 
circuit. These parasitic resistors are shown as R 1 and R2 
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in the Functional Block Diagram. Calibration will cancel 
all offset voltages, eliminating offset and gain errors. 

The above method of calibration requires that both ends 
of the resistor chain, Rr and Rs. are driven by buffered 
operational amplifiers. Instead of adjusting VRT· Rr can 
be connected to analog ground and the DV end of the 
range calibrated with a buffer offset control. The offset 
error at the bottom of the resistor chain results in a 
slight gain error, which can be compensated for by 
varying the voltage applied to Rs. The bottom reference 
is a convenient point for gain adjust that is not in the 
analog signal path. These techniques are employed in 
Figure 6. 
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Typical Interface 

Figure 6 shows an example of a typical interface circuit 
for the TDC1048. The analog input amplifier is a bipolar 
wideband operational amplifier, which is used to directly 
drive the AID converter. Bipolar inputs may be 
accommodated by adjusting the offset control. TRW's 
TDC4611 provides a stable reference for both the offset 
and gain control. All five V1N pins are connected close to 
the device oackaae. and the buffer amolifier feedback 
loop should. be clOsed at that point. Th.e buffer has a 
gain of minus two, increasing a 1Vp-p video input signal 
to the recommended 2Vp-p input for the AID converter. 
Proper decoupling is recommended for all systems. 

The bottom reference voltage, VRB· is supplied by an 
inverting amplifier on the TDC4611, buffered with a PNP 
transistor. The transistor provides a low-impedance source 
and is necessary to sink the current flowing through the 
reference resistor chain. The bottom reference voltage 

Figure 6. Typical Interface Circuit 

CONV r,::;,--------------~ 
INPUT~ 

+5V 2K 

0.1 

·5V ·5V 

TRW LSI Products Inc. 

can be adjusted to cancel the gain error introduced by 
the offset voltage, Eos. as discussed in the Calibration 
section. 

Figure 5. Typical Reference Midpoint Adjust Circuit 

TDC1048 

-2V 
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Evaluation Board 

Th& rne1048E1 e is a Eurocard-style printed circuit board 
designed to optimize the performance of. and to aid in 
the evaluation of, the TDe1048 AID converter. The board 
dimensions are 1 OOmm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A complemen­
tary 64 pin double-row DIN female connector is included 
with the board. The circuitry on the board includes 
reference voltage generator. wideband video input ampli­
fier, and TDe1048 8-bit AID converter. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
110 and clocks. The board is calibrated and tested at the 
factory. 

Power and Ground 

Two power supply voltages are required for the operation 
of the TDe1048E1e: Vee= +5V and VEE= -5.2V. All 
power inputs are decoupled to a solid ground planes. 
AGND and DGND· For best performance, all AGND ad 
DGND pins of the board are connected to power supply 
ground and all ground pins be should be used. 

Voltage Reference Generator 

The TDe1048E1e has a voltage reference generator 
circuit for driving the RB terminal of the TDe1048. With 
RT grounded, a variable - 2V is supplied to RB from U3 
and 01. The GAIN potentiometer provides ± 10% . 
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-~··· .. ,.,, 
adjustment range on the RB voltage. Diodes 01 through 
04 act as clamps which protect the TDe1048 from 
power-on conditions that might violate absolute 
maximum ratings and damage the TDe1048. 

Video Input Amplifier 

The input amplifier of the TDe1048E1e. U2. has be.en 
designed to accept a ± 0.5V input range and translate 
that signal to the OV to - 2V range of the TDe1048. 
The output of this amplifier can be monitored at the J2 
SMA connector which is connected to the V1N terminals 
of the TDe1048 through a 4700 resistor. The OFFSET 
potentiometer, R29, gives a ± 0. 5V offset adjustment 
range to the board. 

A/D Converter Inputs 

The clock to the TDe1048, eONV, is normally brought 
onto the board through the SMA connector labeled 
"eONv:· It is also routed to the edge connector pin B15. 
The NMINV and NLINV inputs to the TDe1048 are 
pulled HIGH with resistors R14 and R15 and are routed 
to edge connector pins B13 and B6. 

The analog signal input to the TOe1048E1e is brought 
onto the board by way of the SMA connector labeled 
"A1N" near pin 28 of the TDe1048. A terminating 
resistor network, R1 and R2, is included on the board for 
terminating analog input signal cable. The eight data 
outputs of the TDe1048 are brought to edge connector 
pins after registering data in U5. 
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TDC1048E1C Silkscreen Layout 

I 
' A B-32 

02 

tt 
03 01 

l-:-R16 

~ [
c1Q 

R23 

us + 0 
C2 

L ~2 
04 

R1S 

DGND 

TDC1048E1C Component Side Layout 
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LSIP1odL1CtsOro1tsion 

t.) 

u:; 
g 
u 
c 

VIDEO IN I-- D --!.!.._ R7 
............... R18 ~ "A" I - ...0- U4 

J1 0 R3 - +O C3 ~ 

u 1 ~ ~ 0 ocg D '0 c 1R3S ~6 RS 0 ° ~ 
R 17 U2 R4 I Q 1 I • 

-R211 R12 0 R9 0 ~ 
C4 J2 L2 I U3 D R 10 Cl ~ 

C11 0 -
cs -D I Rl 1 AGND 

BUFFER 0 C6 :J J3 OUT R22 R 13 VREF 

CONV -
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TDC1048E1C Circuit Side Layout 

F 11111111118111111111 
~~ 1111111111 
<:: 
c~ 11111111111111111111 

18111118111111811811 O • 01 
111111 OD ID 

11111111111111111111 
0 0 

0 0 0 

0 

0 

t· ~ 0 ~~,@!~ 
~ ~-· *:•:o .~~ 

• • o o o • • O• oJ 
TDC1048E1C Eurocard Edge Connector Pinout 

AGND A32 832 NC 
AGND A31 831 NC 
AGND A30 830 NC 
AGND A29 829 NC 
AGND A2B 82B NC 
AGND A27 827 NC 
AGND A26 826 NC 
AGND A25 825 AGND 
AGND A24 824 NC 
AGND A23 823 NC 
AGND A22 822 AGND 
AGND A21 821 A1N 
AGND A20 820 NC 

NC A19 819 NC 
DGND A1B 81B Vee 
DGND A17 817 DGND 
DGND A16 816 DGND 
DGND A15 815 CONV 
DGND A14 814 DB LS8 
DGND A13 813 NMINV 
DGND A12 812 D1 MS8 
DGND A11 811 Dz 
DGND A10 810 DGND 
DGND A9 89 DGND 
DGND AB 88 D3 
DGND A7 87 D4 
DGND AG 86 NLINV 
DGND AS 85 Ds 
DGND A4 84 D5 
DGND A3 83 D1 
DGND A2 82 DGND 
DGND A1 81 VEE 
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Mating Connectors for TDC1048E1C 

AMP 532507-2 
AMP 532507-1 

Robinson-Nugent 
Robinson-Nugent 

Souriau 
Souriau 
Souriau 

RN E-64BS-W-TG30 
RN E-64BS-S-TG30 

8609-264-61 l5-7550E1 
8609-264-6114-7550E1 
8609-264-6813-7550E1 

TRW LSI Products Inc. 

Wire-wrap 
Solder tail 

Wire-wrap 
Solder tail 

Wire-wrap 
Solder tail 
Solder tail, 
right-angle 
bend 
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Figure 7. Schematic of Evaluation Board 

"'' '" .... C12 
•cc >---"'!--------------------.---.----t---+------<,_..---.--i zoo.t/h 

.,. >----1-0 

A20 - A32 

"' LM31J 

822,825 R92K 

"A" 

"' I "' lZ 

ID 
. 

25~C1 

17 

"'' ~: J2 

~BUFFER f RZ2 OOT 

51 

~ 

ID 

•cc 
01 IMSBI 

., ' 

., ' TDCllMIJSC 

•• • 

., 13 

C4 " "• AGND ~ID~~l~~ 
VREF 

111}tf C11 

Z5V•Ji"' .. " 
02 DJ 

DGND 

A1 - All, 82 
89,810,816,817 

... B1 

NMINV '" 
NLINV 

.. 
CONV "' 

TEST POINTS i 
R14 I.SK 

R151.5K 

.. 

Notes for Figure 7. Schematic of Evaluation Board 

1. All capacitor values are in microfarads lttF). 
2. All capacitor voltage ratings are 50WVDC unless otherwise noted. 
3. All resistors are 1/BW unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All diodes are 1 N4001. 

Miscellaneous Evaluation Board Parts 

Eurocard Connector 
DIN 41612B 2-Row 64-Contact 
Board Mount Male 

Eurocard Connector 
DIN 41612B 2-Row 64-Contact 
Wire-Wrap Female 

J1-J3 SMA Coax Connector 
IJ2, J3 not included) 

L 1, L2 Ferrite Bead Inductors 

Winchester 64P-6033-0430 

Winchester 64S-6033-0422-1 

Sealectro 50-651-0000-31 or 
Omni-Spectra 2062-0000-00 

Fair-Rite Products Corp. 
2743001112 
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u, 
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Input Resistor Selection Table (Values in Ohms) 

Z1N 1V 2V 

R1 R2 R1 R2 

50 0 52.3 24.9 24.3 

75 0 80.6 37.4 39.2 

93 0 102 46.4 48.7 
lk 0 Open 499 lk 

For input voltage ranges and input impedances not 
covered by the Input Resistor Selection Table, the 
following formulas may be used to calculate R1 and R2: 

R2 = 
VR 
Z1N 

+ 

Assembly for TDC1048E1C 

1 
1000 

Input Voltage Range 

4V 

R1 R2 R1 

37.4 12.7 40.2 
56.2 19.1 60.4 
69.8 23.7 75 

750 332 806 

and 

R1 = Z1N -

5V 

R2 

10 

15.4 

19.1 
249 

1000 R2 
R2+1000 

1DV 

R1 R2 

45.3 4.99 

68.1 7.5 

84.5 9.31 
909 110 

where VR is the desired input voltage range of the 
board, Z1N is the desired input impedance of the board, 
and the constant value 1000 is given by the value of R3. 

~-----------------6.600------------------

~~ 
~~ 3.680 ~ 

"" R1J 

[] ~ 
. 

8 

·0 
[}jIJ 

~ 

Note: 
1. • not supplied. 

2. Dimensions in inches. 
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DGND 
00 

J1 
VIDEO 
IN 

O"A"O ~:BB!~~~ 
"'~· C3 ~@] ~ 

C10 D fJ R5 ~ OFFSET 3.&00 

<GD> Li ~8 ~ -
"'0'-' ·~ ~ J :r:i: oGD< 

~Y~~ l csQ LJ ~ 'GNoO 

b::'.d ~ffFFER "R22 Q[) VREF Q 
~~3NV OUT ~ 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

5962-87600 OlXC EXT-Tc= -55°C to 125°C Per Standard Military Drawing 28 Pin Ceramic DIP 5962-87600 01XC 

TDC1048C3C STD-TA= 0°C to 70°C Commercial 28 Contact LCC 1048C3C 

TDC1048C3V EXT-Tc= -55°C to 125°C MIL-STD-883 28 Contact LCC 1048C3V 
5962-87600 013A EXT-Tc= -55°C to 125°C Per Standard Military Drawing 28 Contact LCC 5962-87600 013A 

TOC1048R3C STD-TA=0°C to 10°c Commercial 28 Leaded PLCC 1048R3C 

TDC1048B6C STD-TA=0°C to 10°c Commercial 28 Pin CERDIP 1048B6C 

TDC1048B6V EXT - Tc= - 55°C to 125°C MIL-STD-883 28 Pin CERDIP 1048B6V 

TDC1048N6C STD-TA=0°C to 10°c Commercial 28 Pin Plastic DIP 1048N6C 

TDC1048E1C STD-TA =0°C to 70°C - - Eurocard Format Board TDC1048E1C 

with AID Converter 

All parameters in this specification are guaranteed by design, charactenzation. sample testing or 100 % testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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High-Speed A/D Converter 
9-Bit, 30Msps 

The TDC1049 is a flash (full-parallel) analog-to-digital 
converter capable of converting analog signals with full-
nn1fl1or fron1tonr\/ r-nmnnnontC' 11n +n 1 t:;l\111-h intn a hit 
!''-'"".._..' .,._.,'1'-"'-'"'-'f '-''-"""'f'-''-'"'--'"'-'-' '-"'t-' '-'--' ''-'"'"I<- "''-U U ._,,._ 

words at rates up to 30Msps (Megasamples Per 
Second). A sample-and-hold circuit is not required. All 
digital inputs and outputs are differential ECL. 

The TDC1049 consists of 512 latching comparators, 
encoding logic and an output register. A differential 
convert signal controls the conversion operation. The 
outputs can be connected to give either true or inverted 
binary or offset two's complement formats. 

Features 

• 30Msps Conversion Rate, 15MHz Analog Bandwidth 
• 9-Bit Resolution And Linearity 

Functional Block Diagram 
CONV >------------<·'-

• Sample-And-Hold Circuit Not Required 
• Differential Phase 0.5 Degrees ~ 
• Differential Gain 1.0% ~ 
• Overflow Flag 
• Single - 5.2V Power Supply 
• Differential ECL Outputs 
• Available In A 64 Pin DIP, 68 Contact LCC And 68 Pin 

Ceramic Pin Grid Array 
• Available Per Standard Military Drawing 

Applications 
• Video Data Conversion 
• Radar Data Conversion 
• High-Speed Data Acquisition 

CONV >----<>------------~ 

v,. >----------., 
Ry >-----+--'\NV---, 

OFS >-----+--'\NV-___. 
R3 

"• •es >----+-"\NV---. ., 
"• l----+--'VIAr---' 

Rl1 

R/1 

TRW LSI Products Inc. 
P.D Box 2472 
La Jolla, CA 92038 

DIFFERENTIAL 
COMPARATORS 
15111 

512 TO 9 
ENCODER 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

LATCH 

18 

OVF, OVF 
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Pin Assignments 

Ds ·1 64 

°' °' o:r 2 63 Dg(LSB) Dg(LSB) 

07 3 62 Dg(LSB) Dg(LSB) 3 

0. 4 61 Dm.m DGND 4 

o, 5 60 CONV CONV 

05 6 59 CONY CONV 

05 7 58 Dmm OGND 7 

AGND 6 57 Rrs Rrs 
NC 9 56 OFS OFS 

NC 10 55 R7 RT 10 

VEED 11 54 NC NC 11 

NC 12 53 VIN VIN 12 
NC 13 52 AGND AGND 13 

VEEA 14 51 AGND AGND 14 
NC 15 50 VIN VIN 15 
NC 16 " VIN VIN 16 

VEEA 17 48 RM RM 17 
NC 18 47 VIN VIN 18 

VEEA 19 46 AGND AGND 19 
NC 20 45 AGND AGND 20 
NC 21 44 NC NC 21 

VEED 22 43 VIN VIN 22 

NC 23 42 NC NC 23 

NC 24 41 Rs Rs 24 

AGND 25 40 Ros n85 2s 
NC 26 39 DGND DGND 26 
~K 27 38 DGND om~o 27 
54 28 37 OVF OVF 28 

o4 29 36 5VF OVF 29 

03 30 35 01 (MSB) o1 (MSB) 30 

03 31 34 Dj (MSB) Dj (MSB) 31 

52 32 33 o, 02 32 

64 Pin DIP JO Package 64 Pin DIP 

Pin Assignments 

68 Pin Ceramic Pin Grid Array, G8 Package 

Pin Name Pin Name Pin Name Pin 

A2 NC B9 VEEA FlO Og K4 
A3 VEED BlO NC Fll 07 K5 

A4 NC Bll AGNO Gl 01 K6 
A5 NC Cl NC G2 0, K7 
A6 NC C2 NC GlO 09 KB 
A7 NC ClO 05 Gll Os K9 
A8 NC Cll NC Hl OVF KlO 
A9 NC 01 04 H2 OVF Kll 
AlO VEED 02 04 HlO OGNO L2 
Bl NC 010 05 Hll 09 L3 
B2 AGNO 011 05 Jl NC L4 
B3 VEEA El 03 J2 DGNO L5 
B4 VEEA E2 03 JlO CONV L6 
B5 VEEA E10 07 Jll OGNO L7 
B6 VEEA Ell 06 Kl RBS L8 
B7 VEEA Fl Dz K2 RB L9 
BS NC F2 02 K3 V1N LlO 
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62 o; 
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57 AGND 
56 NC 

55 NC 

54 VEED 
53 NC 
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51 VEEA 
50 NC 

49 NC 

48 VEEA 

47 NC 

46 VEEA 
45 NC 

44 NC 

43 VEED 

42 NC 

41 NC 

40 AGND 
39 NC 

38 NC 
37 D4 

36 D,j 
35 03 
34 03 

33 o, 

J3 Package 

Name 

AGNO 
VIN 
VIN 
NC 

AGNO 
VIN 

Rrs 
CONV 

NC 

NC 

AGNO 
RM 
NC 

VIN 

AGNO 
Rr 
ovs 

~~~J~J~~~~~JJ~~~~ 
~~~m~~~~-~~~~=~~~ 

OFS 61 

R1s 62 
CONV" 63 1----1 CONV 64 

OGND 65 
Dg (LSBJ 66 
09 (LSB) 67 

Os 68 

'• 1 

iiJ 1 

07 3 

"' I o, 

"' 
6 

05 7 --------
NC 

AGND 

~=~~~~~~~~~~~~~~~ 

zzz c ~u :;u CCU CCC[ OU LIU LI 

~~z ~z ~z~~~zzzz 

68 Contact LCC - C1 Package 
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TDC1049 

Functional Description 

General Information 

The TDC1049 has three functional sections: a comparator 
array, encoding logic and output register. The comparator 
array compares the input signal with 512 reference 
voltages to produce an N-of-512 code or "thermometer" 
code. The comparators referenced to voltages less than 
the input siqnal will be on and those referenced to 
voltages greater than the input signal will be off. The 
encoding logic converts the N-of-512 code into 9-bit 
binary data. The output register holds the output 
between updates. 

Power 

For optimum performance, separate analog and digital 
power, VEEA and VEEO should be supplied to the 
TDC1049. Separate analog and digital power supplies or 
a common supply with separate analog and digital paths 
and high-frequency decoupling can be used. The return 
path for the current drawn from VEEA and VEED is 
AGND and DGND· respectively. The returns AGND and 
DGND should also be kept separate and connected 
together at the power supply terminals. It is recom­
mended that provisions be made on the printed circuit 
board for shorting jumpers between analog and digital 
ground as close to the AID converter as possible. The 
installation of the jumpers depends upon the printed 
circuit board layout and overall system performance once 
the system is in operation. The voltage difference 
between VEEA and VEEO must be less than ±0.1V. The 
same voltage difference limit applies to the difference 
between AGND and DGND· All power and ground inputs 
to the converter must be connected. 

Reference 

The TDC1049 converts analog signals in the range 
VRS <V1N < VRT into digital form. VRS (the voltage 
applied to Rs) at the bottom of the reference resistor 
chain, and VRT (the voltage applied to RT) at the top of 
the reference resistor chain, should both be between 
+0.1V and -2.1V. Within that range, VRT must be 
more positive than VRS· The linearity specification is 
based upon a 2.0V difference between VRT and VRS· 
The nominal voltages are VRT=O.OV and VRs= -2.0V. 
To avoid damage to the converter, the voltage across 
VRT and VRs must not exceed 2.2V. A decoupling 
capacitor is recommended between Rs and AGND· Noise 
introduced at this point, as well as the other reference 
inputs (RT, RTs. RM, Rss. OFS), may result in encoding 
errors. 

TRW LSI Products Inc. 

A midpoint tap, RM, allows the converter to be adjusted 
for optimum integral linearity. It can also be used to 
achieve a nonlinear transfer function, but adjustment of 
RM is not required to meet 9-bit linearity. If this node is 
driven by external circuitry, it should be driven from a 
low-impedance source; if not used, it must be left open. 

Parasitic resistances, R1 and R2, introduce offset errors 
at the top and bottom of the reference resistor chain. 
Sense points, R1s, RBS aiid CFS, rnav be used tu i'educt: 
the effect of these offset errors. Overflow Sense (OFS) 
may be used to reduce the effect of the offset at the 
overflow (most positive) comparator whenever the 
Overflow (OVF, OVF) flags are used. Sense points are not 
required for 9-bit linearity and, if not used, they must be 
left open. 

Convert 

The TDC1049 requires a differential ECL clock (CONV 
and CONV) signal. The conversion occurs (the 
comparators are latched) within tsrn (Sampling Time 
Offset) of the rising edge of CONV. The 512 to 9 
encoding is performed on the falling edge of the CONV 
signal. The coded result is transferred to the output 
register on the next rising edge of CONV. Data for 
sample N is available at the output to (Output Delay 
Time) after the rising edge of sample N + 1. 

Analog Input 

The TDC1049 uses latching comparators which are 
connected to the analog inputs VIN· For optimal 
performance, the source impedance of the driver 
amplifier should be less than 25!J The input signal will 
not damage the TDC1049 if it remains within the range 
of VEEA to + 0.5V. If the input signal is between the 
VRT and VRS· the output will be a binary number 
between 0 and 511 inclusive. All five analog inputs must 
be connected. 

Outputs 

The outputs of the TDC1049 are differential ECL. The 
recommended pull-down resistance is 5000 to - 2V, 
or a 220/3300 termination between DGND and VErn. 
The OVF signal indicates that the analog input has 
exceeded the threshold of the most positive comparator. 
Data is held valid at the output register for at least 
tHO (Output Hold Time) after the rising edge of CONV. 
New data becomes valid to after the rising edge of 
CONV. 
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No Connects 

There are several pins labeled NC (No Connect). These 
pins are not connected internally and may be either left 
open or connected to analog ground to aid heat transfer 
from the package and to reduce electrical noise. 

Package Interconnections 

Signal 
Name Function Value JO Package Pins 

VEEA Analog Supply Voltage -5.ZV 46, 48, 51 

VEED Digital Supply Voltage -5.ZV 43, 54 

DGND Digital Ground o.ov 4, 7, Z6, Z7 

AGND Analog Ground o.ov 13, 14, 19, ZO, 40, 57 

RT Reference Resistor, Top o.ov 10 

RTs Reference Resistor, Top Sense o.ov 8 

Rs Reference Resistor, Bottom -Z,OV Z4 

Rss Reference Resistor, Bottom Sense -Z.OV Z5 

RM Reference Resistor, Midpoint -1.0V 17 

OFS Overflow Sense o.ov 9 

CONV Convert EGL 5 
CONV Convert, Complement EGL 6 

V1N Analog Signal Input OV to -ZV lZ, 15, 16, 18, zz 

D1 MSB Most Significant Bit EGL 30 

01 MSB Most Significant Bit Complement EGL 31 

Dz EGL 3Z 

Dz EGL 33 

03 EGL 34 

03 EGL 35 

04 EGL 36 

04 EGL 37 

05 EGL 58 

05 EGL 59 

05 EGL 60 

05 EGL 61 

07 EGL 62 

07 EGL 63 

Da EGL 64 

Da EGL 1 

09 LSB Least Significant Bit EGL 2 

09 LSB Least Significant Bit Complement EGL 3 
OVF Overflow Output EGL 28 
OVF Overflow Output Complement EGL 29 

NC No Connect Open 11, 21, 23, 38, 39, 41, 

42, 44, 45, 47' 49, 50, 
52, 53, 55, 56 
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J3 Package Pins C1 Package Pins GB Package Pins 

14, 17, 19 14, 16, 18, 20, 21 89, 87, 86, 85, 84 

11, zz 13, zz A3,A10 

38, 39, 58, 61 41, 65 JZ,Jll,HlO 
8, Z5, 45, 46, 51, 5Z 9, Z7' 48, 49, 55, 57 BZ, K4, L4, KB, LB, 

811 

55 59 L9 

57 6Z KlO 

41 44 KZ 

40 43 Kl 

48 5Z L5 

56 61 LlO 

60 64 JlO 

59 63 Kll 

43, 47, 49, 50, 53 46, 50, 53, 54, 58 K3, K5, K6, L7, K9 

35 38 Gl 

34 37 GZ 

33 36 Fl 

3Z 35 FZ 
31 34 El 

30 33 EZ 

Z9 3Z 01 

Z8 31 DZ 

7 7 ClO 

6 6 011 

5 5 010 

4 4 Ell 

3 3 ElO 

2 z Fl 1 

1 1 FlO 
64 68 Gll 

63 67 GlO 

62 66 Hll 

37 40 HZ 

36 39 Hl 

9, 10, lZ, 13, 15, 16, 8, 10, 11, 1 Z, 15, 17' Bl, CZ, Cl, Jl, L2, 

18, 20, 21, 23, 24, 19, 23, 24, 25, 26, 28, L3, L6, K7, Cl 1, 810, 

26, 27, 42, 44, 54 29, 30, 42, 45, 47, 51, A9, 88, A8, A7, A6, 

56, 60 A5, 84, A4, AZ 
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Output Coding Table 1 

+0.0039V 

o.oooov 
-0.0039V 

-0.9980ii 

-1.0020V 

-1.0059V 

-1.9961V 

-2.0000V 

OVF 

Note: 1. Voltages are code m1dprnnts. 

Figure 1. Timing Diagram 

DIGITAL OUTPUT I 

o, 
MSB 

09 
LSB 

000000000 

000000000 

000000001 

u 11111111 

100000000 

100000001 

111111110 

111111111 

___ ............ .._. ....... _..+-'-__ __. ........ _._ ____ ...._..._ ________ ....................... ___ ...... ~ 

Figure 2. Simplified Analog Input Equivalent Circuits 

REFERENCE 
RESISTOR 
CHAIN 
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VIN "'.-------------....------. 

1ce 

VEEA 

C1N IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EllUAL TO THE VOLTAGE ON PIN Re 
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Figure l Digital Input Equivalent Circuit Figure 4. Output Circuits 

~--~--o DGNO 

CONV 

TD 

DGND <>----~--------. 

D 

e--------+--o o 
5K 

VEED <>------------
OUTPUT EQUIVALENT CIRCUIT 

OUTPUT Oi----1----~ 

"' ""1 f """ 
LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS 

-2.0V 

Figure 5. CONVert, CONVert Switching Levels 
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,- -- -- ---- -- -- -- ---

' ' ' ' ' ' ' ' ' -------,-,-------
' ' ' '----

V1cM MAX - - - - - ~',, X ... ___ _ 

o.ov 
V1cM MIN 

-1.3V 

CONV 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltages 
VEED !measured to DGNDI ................................................................ . 

VEEA !measured to AGNDI ................ ............................................ . ..................... . 

AGND !measured to DGNDI .... . ...................................... . 

VEEA !measured to VErnl .......... ........................................ ........................ . ........................ . 

Input Voltages 2 

............. +0.5 to -7.0V 

+ 0.5 to - 7.0V 

+ 1.0 to -1.0V 

. ..... +0.5 to -0.5V 

CONV, CONV !measured to DGNDI 

VIN, \/RT, 'v'RB (111eoou1 eu lu hGNDi 

VRT !measured to VRBI .... 

................................. +0.5 to VEE 

Output 

Temperature 

Short-circuit duration !single output in HIGH state to ground) .......................................... . 

Operating, case . 

junction 

Lead, soldering 11 0 seconds) 

Storage ......................................................... . 

n r;:" .f-- I I 
.............. ov . .J ~u vtl: 

+ 2.5 to --2.5V 

. Infinite 

-60 to + 140°C 

+ 175°C 

+300°C 

. ...... -65 to + 150°C 

Notes· 1 Absolute maximum ratings are l1m1ting values applied individually while all other parameters are within spec1f1ed operating conditions 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

VEED Digital Supply Voltage !measured to DGNDI -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VEEA Analog Supply Voltage !measured to AGNDI -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage !measured to DGNDI -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 
VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 

tpwL CONV Pulse Width, LOW 12 12 ns 

tpwH CONV Pulse Width, HIGH 15 15 ns 

VICM Input Voltage, Common Mode -0.5 -2.5 -0.5 -2.5 v 
VIDF Input Voltage, Differential 0.3 1.2 0.3 1.2 v 
VIN Input Voltage Range VRB VRT VRB VRT v 

VRT Most Positive Reference Input I -0.1 0.0 0.1 -0.1 0.0 +0.1 v 
VRB Most Negative Reference Input 1 -1.9 -2.0 -2.1 -1.9 -2.0 -2.1 v 
VRT-VRB Voltage Reference Differential 1.8 2.0 2.2 1.8 2.0 2.2 v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

Note: 1. VRT Must be more positive than VRB· and voltage reference differential must be within specified range 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard. Extended 
Parameter Test Conditions Min Max Min Max Units 

IEE Supply Current VEED· VEEA =Max 
TA=o·c to 10°c -950 mA 

TA= 10°c -750 mA 

Tc= -55°C to 125°C ~ -1090 mA 

Tc= 125°c -750 mA 

1REf Reference Current VRT• VRs=Nom 10 36 10 36 mA 

RREf Total Reference Resistance 56 200 56 200 Ohms 

R1N Input Equivalent Resistance VRT• VRs=Nom, V1N=VRB 16 16 kOhms 

C1N Analog Input Capacitance VRT• VRs=Nom, V1N=VRB 160 160 pf 

lcB Input Constant Bias Current VEEA =Max, V1N = OV 500 750 µA 

11 Input Current, CONV, CONV VErn=Max, V1=-0.7V 150 180 µA 

Vol Output Voltage, Logic LOW 1 VErn=Nom -1.6 -1.5 v 
VoH Output Voltage, Logic HIGH 1 VErn=Nom -0.95 -1.1 v 

C1 Digital Input Capacitance TA=25°C, f=lMHz 20 20 pf 

Note: 1. Test Load= 500!l to -2V on each output. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter. Test Conditions Min Max Min Max Units 

fs Maximum Conversion Rate VEED• VEEA =Min 30 30 Msps 

tsrn Sampling Time Offset VEED• VEEA =Min -2 6 -2 6 ns 

to Output Delay 1 VEED• VEEA =Min 27 27 ns 

tHo Output Hold Time 1 VEED• VEEA =Min 3 3 ns 

Note: 1. Test Load=500!l to -2V on each output, CLOAo=20pF. 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error Integral, Independent VRT• VRB =Norn 0.15 0.20 % 

VRT• VRB=Nom, VRM Adjusted 0.10 0.10 % 

ELD Linearity Error Differential VRT• VRB=Nom 0.1 0.1 % 

Q Code Size VRT· VRB=Nom 15 185 15 185 % Nominal 

EoTs Offset Error, Top VIN= VRT• Rrs Connected ±4 ±4 mV 

EoT Offset Error, Top V1N=VRT 30 30 mV 

EoBs Offset Error, Bottom V1N = VRB• RBS Connected ±4 ±4 mV 

EoB Offset Error, Bottom V1N=VRB -30 -30 mV 

Teo Offset Error, Temperature Coefficient 20 20 µ,V/°C 

tTR Transient Response, Full-Scale 20 20 ns 

BW Bandwidth, Full Power Input ± 0.9dB Frequency Response 15 15 MHz 

SNR Signal-to-Noise Ratio 30Msps Conversion Rate, 

lOMHz Bandwidth 
Peak Signal/RMS Noise 1.25MHz Input 57 57 dB 

5.0MHz Input 53 53 dB 

RMS Signal/RMS Noise 1.25MHz Input 48 48 dB 

5.0MHz Input 44 44 dB 

EAP Aperture Error 50 50 ps 

DP Differential Phase Error Fs=4 x NTSC 0.5 0.5 Degree 

DG Differential Gain Error Fs=4 x NTSC 1.5 1.5 % 

Typical Performance Curves 

A. Power Supply Current vs. Temperature B. SNR vs. Analog Input Frequency 
60 

-450 

!-500 ~ 
50 

!2 -550 "' z 40 ... 
"' "' g;-600 ... 
!a .. .. 

>-6511 z 30 .... 
"' a.. 

!!;-700 :Ii 

"' "' ::r 20 
ffi-750 i 
i!;-800 ~ 
a.. 

"' 10 
-850 :Ii 

"' 
-55° -25° go 25° 50° 75° 100° 125° 1.248 2.438 3.58 5 6 7 8 10 11 12 13 14 15 

CASE TEMPERATURE (0 C) ANALOG INPUT FREQUENCY (MHz) 
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Evaluation Board 

The TDC1049E1 C1 is a Eurocard-style printed circuit 
board designed to optimize the performance of, and to 
aid in the evaluation of, the TDC1049 A/D converter. The 
board dimensions are 1 OOmm x 160mm with a standard 
64 pin double-row DIN male connector installed. A 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generator, wideband video 
input amplifier, AC-coupled differential clock generators 
for the A/D converter and output register, and a 
TDC1112 12-bit D/A converter which may be used in 
evaluating certain parameters of the TDC1049. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TDC1049 and 
TDC1112 installed. 

The TDC1049E1 C1 is based upon the TDC1049G8C 
integrated circuit packaged in a 68 pin ceramic pin grid 
array style package. It supersedes the TDC1049E1C 
which is based upon the TDC1049JOC 64 pin DIP 
package. 

Power and Ground 

Four power supply voltages are required for the opera­
tion of the TDC1049E1 C: Vee=+ 5V, VEE= - 5.2V, 
V + = + 15V and V - = -15V. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

Voltage Reference Generator 

The TDC1049E1 C1 has two voltage reference generator 
circuits for driving the RT and RB terminal of the 
TDC1049. The RT generator, U5D-01, drive the RT 
terminal to O.OV. A variable - 2V is supplied to RB from 
U5C and 02. The GAIN potentiometer provides ± 10% 
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adjustment range on the RB voltage. Diodes D3 through 
D10 act as clamps which protect the TDC1049 from 
power-on conditions that might violate absolute 
maximum ratings and damage the TDC1049. 

Video Input Amplifier 

The input amplifier of the TDC1049E1 C, U4, has been 
designed to accept a ± 0.5V input range and translate 
that signal to the OV to - 2V range of the TDC1049. 
The output of this amplifier can be monitored at the 
AOUT SMA connector which is connected to the V1N 
terminals of the TDC1049 through a 4 700 resistor. The 
OFFSET potentiometer, R27, gives a ± 0.5V offset 
adjustment range to the board. 

AID Converter Inputs 

The clock to the TDC1049, CONV, is normally brought 
onto the board through the SMA connector labeled 
"CONV." By installing jumper J1, this signal is routed 
through the edge connector pin B2. A terminating 
resistor, R41 is installed on the board for terminating a 
500 clock signal cable. The clock generator accept 
virtually any waveform and provides differential ECL 
signals to the TDC1049. The duty-cycle of the TDC1049 
clock may be adjusted by installing the 2 kO "PW" 
potentiometer, R42. 

The analog signal input to the TDC1049E1 C1 is brought 
onto the board by way of the SMA connector labeled 
"AIN·" A terminating resistor, R17, is included on the 
board for terminating a 500 analog input signal cable. 

A/D Converter Data Outputs and D/A Converter 
Data Inputs 

The nine data outputs of the TDC1049 !after registers 
U2 and U3) are brought to edge connector pins B3 
through B11. These pins are located directly across the 
edge connector from the corresponding data inputs of 
the TDC1112 D/A converter to simplify connection of AID 
outputs to D/A inputs. 
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D/A Converter Inputs 

The clock to the TDC1112, CLK, is normally brought 
onto the board through an SMA connector labeled 
"CLK" near pin 16 of the TDC1112. The clock input t? 
the TDC1112 is also brought to the edge connector pin 
824. Resistors, R7 and RB. provide a Thevenin equivalent 
1300 termination for the CONV signal. R5 and RB bias 
the "COW input to the TDC1112 near the ECL threshold 
level. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT - as well as edge connector 

TDC1049E1C Silkscreen Layout 

"' 

0 
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pins 827 and 826. Load resistors of 51. rn are provided 
on the board to facilitate 500 cable connection to the 
board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1112. This voltage is adjusted to -1.0V as 
part of the factory test and calibration procedure. 

Placing a jumper in the location labeled "FT" will put 
the TDC1112 into feedthrough lunclockedl mode. This 
eliminates the requirement for a O/A clock signal. but 
will degrade the fidelity of the TDC1112 reconstruction. 

OFFSET 
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TDC1049E1C Component Side Layout 

TDC1049E1C Circuit Side Layout 
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TDC1049E1C Eurocard Edge Connector Pinout 

GND A3Z B3Z Vee (+5VI 
GND A31 831 NC 
GND A30 830 V- (-15VI 
GND AZ9 BZ9 NC 
GND AZB BZB V+ (+15VI 
GND AZ7 BZ7 D/A OUT-
GND AZ6 BZ6 D/A OUT+ 
GND AZ5 BZ5 NC 
GND A24 BZ4 D/A CONV 
GND A23 BZ3 D/A CONV 
GND AZZ BZZ NC 
GND AZI BZI GND 
GND AZO BZO NC 
GND Al9 819 VEE l-5.ZVI 
GND AIB BIB NC 
GND A17 817 GND 
GND Al6 816 NC 
GND Al5 815 NC 
GND Al4 814 VEE (-5.ZVI 
GND Al3 813 NC 
GND AIZ BIZ NC 

D/A D1 MSB A11 811 A/D D1 MSB 
NCO/A Dz AID 810 A/D Dz 

D/A D3 A9 89 A/D D3 
D/A D4 AB BB A/D D4 
D/A D5 A7 87 A/D D5 
D/A 06 A6 86 A/D 06 
D/A D7 A5 85 A/D 07 
D/A De A4 84 A/D De 

D/A D9 LSB A3 83 A/D D9 LSB 
A/D CONV AZ BZ A/D CONV 

GND Al Bl GND 

Mating Connectors for TDC1049E1C 

AMP 532507-2 Wire-wrap 
AMP 532507-1 Solder tail 

Robinson-Nugent RNE-648S-W-TG30 Wire-wrap 
Robinson-Nugent RNE-648S-S-TG30 Solder tail 

Souriau 8609-264-6115-7550E1 Wire-wrap 
Souriau 8609-264-6114-7550E1 Solder tail 
Souriau 8609-264-6813-7550E1 Solder tail, 

right-angle 
bend 
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Figure 6. TDC1049E1C A/D Converter Schematic Diagram 
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Standard Military Drawing 

These devices are also available as products manufac­
tured, tested, and screened in compliance with Standard 
Military Drawings ISMDs). The nearest vendor equivalent 
product is shown below; however, the applicable SMD is 
the sole controlling document defining the SMD product. 

Standard Military 
Drawing 

5962-88532-0lXC 

5962-88532-0lYC 

5962-88532-0lZA 

Ordering Information 

Product Temperature Range Screening 
Number 

TDC1049JOC STD-TA =0°C to 70°C Commercial 

TDC1049JOV EXT-Tc= -55°C to 125°C MIL-STD-883 
5962-88532 OlXC EXT-Tc= -55°C to 125°C Per Standard Military Drawing 

TDC1049C1C STD-TA=0°C to 70°C Commercial 

TDC1049C1V EXT-Tc=-55°C to 125°C MIL-STD-883 

5962-88532 OlZA EXT-Tc= -55°C to 125°C Per Standard Military Drawing 

TDC1049G8C STD-TA= 0°c to 70°C Commercial 

TDC1049G8V EXT-Tc= -55°C to 125°C MIL-STD-883 

TDC1049E1C STD-TA =0°C to 70°C --

-~·-· ........ 
Nearest Equivalent 
TRW Product No. Package 

TDC1049JOV 64 Pin Ceramic DIP 

TDC1049J3V 64 Pin Ceramic DIP 

TDC1049C1V 68 Contact Chip Carrier 

Package Package 
Marking 

64 Pin Ceramic DIP 1049JOC 

64 Pin Ceramic DIP 1049JOV 
64 Pin Ceramic DIP 5962-88532 01XC 

68 Contact Ceramic LCC 1049C1C 

68 Contact Ceramic LCC 1049C1V 

68 Contact Ceramic LCC 5962-88532 01 ZA 

68 Pin Ceramic PGA 1049G8C 

68 Pin Ceramic PGA 1049G8V 

Eurocard PC Board TDC1049E1C 

All parameters in this specification are guaranteed by design. characterization, sample testing or 100% testing. as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 
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Life Support Policy - TRW LSI Products Inc. components are not designed for use rn life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Monolithic Video A/D Converter 
8-Bit, 20Msps, Low Power 

The TRW TDC1058 is a flash analog-to-digital converter 
capable of converting a video-soeed signal into a stream 
of 8-bit digital words at 20Msps (MegaSamples Per 
Second). Since the TDC1058 is a flash converter, a 
sample-and-hold circuit is not required. 

The TDC1058 consists of 255 clocked latching compar­
ators, combining logic, and an output register. A single 
convert clock controls the conversion operation. The unit 
can be configured to give either true or inverted outputs 
in binary or offset two's complement coding. All digital 
1/0 is TTL compatible. 

Features 
• 8-Bit Resolution 
• DC To 20Msps Conversion Rate 
• 7MHz Full-Power Bandwidth 
• 60MHz Small Signal - 3dB Bandwidth 
• 1 /2 LSB Linearity 
• 600mW Power Dissipation 

Pin Assignments 

D1 (MSB) 28 NMINV 
o2 27 RM 
03 3 26Re 
D4 25 VccA 

DGND 24 NC 
Vcco 6 23 VIN 
AGND 22 NC 
AGND 21 VIN 
AGND 9 20 NC 
Vcco 10 19 VccA 
DGND 11 18 Rr 
NLINV 12 17 CONV 

D5 13 16 D3 (LSB) 
D5 14 15 D7 ..._ __ ___. 

21209A 

28 Pin CERDIP - B6 Package 
28 Pin Plastic DIP - N6 Package 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla. CA 92038 

• + 5V Single Supply Operation 
• Lcvvest Ccst 
• Pin Compatible With CXA1096P, ADC-304 
• Sample-And-Hold Circuit Not Required 
• Analog Input Range + 3V To + 5V 
• Differential Phase 0.5° 
• Differential Gain 1 % 

• Selectable Data Format 
• Available In Plastic DIP, CERDIP And PLCC 

Applications 
• Digital Television 
• PC-Based Data Acquisition 
• Video Digitizing 
• Medical Imaging 
• High Energy Physics 
• Low Cost, Low Power, High-Speed Data Conversion 

Re 26 
RM 27 

NMINV 28 
o1 (MSB) 1 

o2 2 
o3 3 
o4 4 

18 Rr 
17 CONV 
16 08 (LSB) 
15 o7 
14 D& 
13 o5 
12 NLINV 

28 Leaded Plastic Chip Carrier - R3 Package 
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Functional Block Diagram 

NMINV >-----------------------, 
NLINV >---------------------, 
CONV >---------------------1-+--------, 

VIN >--------::: ____ _, 
RT~f----~ 

Functional Description 

General Information 

The TDC1058 has three functional sections: a compar­
ator array, encoding logic, and output registers. The 
comparator array compares the input signal with 255 
reference voltages to produce an N-of-255 code lor 
thermometer code, since all the comparators whose 
reference is more negative than the input signal will be 
on, and all those whose reference is more positive will 
be off). The encoding logic converts the N-of-255 code 
into the user's choice of coding. The output register 
holds the output constant between updates. 
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255 TO 8 
ENCODER 

Power 

REGISTER 

21211A 

The TDC1058 operates from a single supply voltage: 
+ 5.0V. All power and ground pins must be connected. 

Reference 

The TDC1058 converts analog signals in the range 
VRB < V1N < VRT into digital form. Nominally, VRB is 
set to 3V and VRT is set to 5V. However, the specifi­
cations of the TDC1058 are guaranteed as long as the 
following three reference operating conditions are met: 
1.) the voltage applied across the reference resistor 
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Reference (cont.) 

chain IVRT-VRBI is within the range of 1.8 to 2.2V, 2.) 
VRT ,,;_;;: IVccA + D.1V) and 3.) VRB ~ 2.65V. Therefore, if 
the supply voltage is expected to drop below 4.9V, the 
reference voltages should be lowered accordingly. For 
instance, if the system design allows the supply voltage 
to drop to the minimum recommended value of 4.75V, 
VRT should be set to 4.65V and VRB should be set to 
2 65\/ The~e rPfPrenre \/r)ltri!J8S will rillnw thP rnr.rn!lR 
to give fully guaranteed performance over the full supply 
voltage range. See the Operating Conditions Table for 
further information. 

Linearity is guaranteed with no adjustment; however, a 
midpoint tap, RM. allows for the optional trimming of 
converter integral linearity as well as the creation of a 
nonlinear transfer function. This is explained in the 
Application Note TP-19 "Non-Linear AID Conversion." 
The circuit shown in Figure 7 will provide approximately 
a 112 LSB adjustment of the linearity at midscale. The 
characteristic impedance seen at this node is approxi­
mately 220 Ohms and should be driven from a low­
impedance source. Note that any load applied to this 
node will affect linearity and any noise introduced at this 
point will degrade the overall SNR. Due to the slight 
variation in the reference current with clock and input 
signals, RT and Rs should be low-impedance-to-
ground points. For circuits in which the reference is not 
varied, a bypass capacitor ID 01 to 0.1 µJ) to ground is 
recommended. If the reference inputs are exercised 
dynamically (as in an automatic gain control circuit) a 
low-impedance reference source is required. The 
reference voltages may be varied dynamically at up to 
5MHz; however, device performance is specified with 
fixed reference voltages as defined in the Operating 
Conditions Table. 

Analog Input 

For precise quantization, the TDC1058 uses latching 
comparators. The source impedance of the driving circuit 
must be less than 25 Ohms, for optimum overall system 
performance. If the input signal is between the VRT and 
VRB references, the output will be a binary number from 
0 to 255. When a signal outside the recommended input 
voltage range IVRB to VRTI is applied, the output will 
remain at either full-scale value. The input signal will not 

TRW LSI Products Inc. 

damage the TDC1058 if it remains within the range 
specified in the Absolute Maximum Ratings Table. 
Both analog input pins are connected together internally 
and therefore either one or both may be used. 

Convert 

The TDC1058 requires an external convert (CONV) signal. l."­
Because the TDC i 058 is a fiash convener it cioes not ...,... 
require a track-and-hold circuit. A sample is taken (the 
outputs of the comparators are latched) within tsTO 
(Sampling Time Offset) after a rising edge on the CONV 
pin. The result is encoded on the falling edge, and then 
transferred to the output registers on the next rising 
edge. The output becomes valid to (Output Delay Time) 
after the rising edge of CONVert and remains valid for at 
least tHo (Output Hold Time) after the rising edge of 
CONVert. Therefore, the value of sample N becomes 
valid to after the rising edge of clock N + 1 and remains 
valid until tHo after the rising edge of clock N + 2. (See 
Figure 1, Timing Diagram.) 

Output Format Control 

Two output format control pins, NMINV and NLINV, are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 
These pins are active LOW, as signified by the N prefix 
in the signal name. They may be tied to Vee (through a 
4.7 kOhm resistor) for a logic HIGH or DGND for a logic 
LOW. 

Outputs 

The outputs of the TDC1058 are TTL compatible and 
capable of driving four low-power Schottky TTL (54/74 
LS) loads or the equivalent. The outputs hold the pre­
vious data for a minimum of tHo after the rising edge of 
the CONVert signal. 

Not Connected 

There are several pins that have no internal connection 
to the chip. They should be left open. 
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Package Interconnections 

Signal Signal 86, NG, R3 
Type Name Function Value Package Pins 

Power VccD Digital Supply Voltage +5.0V 6, 10 

VccA Analog Supply Voltage +5.0V 19, 25 

AGND Analog Ground o.ov 7, 8, 9 

DGND Digital Ground o.ov 5, 11 

Reference RT Reference Resistor (Top) 5.0V 18 

RM Reference Resistor (Middle) 4.0V 27 

Rs Reference Resistor (Bottom) 3.0V 26 

Analog Input VIN Analog Signal Input See Text 21, 23 

Convert CDNV Convert TTL 17 

Format Control NMINV Not Most Significant Bit Invert TTL 28 

NLINV Not Least Significant Bit Invert TTL 12 

Data Output D1 Most Significant Bit Output TTL 1 

D2 TTL 2 

D3 TTL 3 

D4 TTL 4 

D5 TTL 13 

D5 TTL 14 

D1 TTL 15 

D3 Least Significant Bit Output TTL 16 

Not Connected NC Not Connected Open 20, 22, 24 

Figure 1. Timing Diagram 

1· F~ >141( 1PWH~ 1PWL_, 
CONY _l,...~-A-M-PL_E_\,_ __ __,p~~.C' ~ {,...~-i:-~-PL-E---.\'-----'/ \ 

ANALOG INPUT 

~ ~ 1sTo ~ 10 ~1 
DIGITAL OUTPUT I %XXX ~~1;A XXX% ~ATA xxxx ~~T~ xxxx 

-.. ~1------~1 .................. ------------.................. ~l.._ __ --'.;._-----'-................ '------'"'""'"-""---....<..ll&.X.~ 
!HO 21190A 

Figure 2. Simplified Analog Input Equivalent Circuit 

•.,:"lJ'c• "'"f f}lc• 
AGND VRB AGND 

C1N IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Re 
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VccA 

VIN o--+--+----1 

REFERENCE 
RESISTOR 
CHAIN 
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Figure 3. Convert Input Equivalent Circuit 
VccDu--..-----+------..--

20k0 

Figure 4. Output Circuit 
VccD 

OUTPUT TO 
,..._ _ __._+---+--o OUTPUT 

PIN 

40pF 

LOAD1 
TEST LOAD 
FOR DELAY 
MEASUREMENTS 

21197A 

-= DGND 
OUTPUT EQUIVALENT 
CIRCUIT 21198A 

Output Coding Table 

Binary Offset Two's Complement 

True Inverted True Inverted 

Input NMINV=HIGH NMINV=LOW NMINV=LOW NMINV=HIGH 
Voltage NLINV=HIGH NLINV=LOW NLINV=HIGH NLINV=LOW 

5.0000V 0000 0000 1111 1111 1000 0000 0111 1111 

4.9922V 0000 0001 11111110 1000 0001 0111 1110 . . • . • . . . . . . . • • • 
4.0078V 0111 1111 1000 0000 1111 1111 0000 0000 

4.0000V 1000 0000 0111 1111 0000 0000 1111 1111 

3.9922V 1000 0001 0111 1110 0000 0001 1111 1110 . . • • • . • . . . . . • • • 
3.0156V 1111 1110 0000 0001 0111 1110 1000 0001 

3.0078V 1111 1111 0000 0000 0111 1111 1000 0000 

Notes: 1 NMINV and NLINV are to be considered DC controls. They may be tied to +5V through a 4.7 kOhrn resistor for a logic HIGH or tied to 
ground for a logic LOW. 

2. Voltages are code midpoints. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

168 

Supply Voltages 

Vcco (measured to DGNol ............................................................................................................................................ -0.5 to + 7.0V 

VccA (measured to AGNol ................................................................... , ........................................................................ -0.5 to + 7.0V 

VccA (measured to Vccol , .................................................................................................... : ....................................... -0.5 to +0.5V 

AGND (measured to DGNOl .................................................................. , ........................................................................ - 0.5 to + 0.5V 

Input Voltages 2 

CONV, NMINV, NLINV (measured to DGNOl .............................................................................................................. - 0.5 to + 5.5V 

VIN• VAT VAB (measured to AGNDl .................. : ......................................................................................................... -0.5 to + 5.5V 

VAT (measured to VAsl ......... , .................... , .................................................................................................................. - 2.2 to + 2.2V 

Input Currents 3 

CDNV, NMINV, NLINV .................................................................................................................................................. - 50 to + 50mA 

VIN• VAT• VAB ............................. , .............................................................................................................................. -100 to + lOOmA 

Output 

Applied voltage 2 (measured to DGNol ......... , ............... , ... , .... , .......................................................................... -0.5 to (Vee+ 0.5V) 

Applied current 3, externally forced ............................................ : .............................................................................. -50 to + 50mA 

Short-circuit .duration (single output in HIGH state to ground) ............................. , ........................................................... 1 Second 

Temperature 

Operating, ambient (all packages except N6 and A3) ............................................................................................. - 55 to + 125°C 

(N6 and A3 packages only) ......................................................................................................................... -20 to + 90°C 

junction ....................................................................................................................................................................... + 175°C 

Lead, soldering, all packages (10 seconds) ............................................................................................................................. +300°C 

Storage, all packages .................................................................................................................................................... - 65 to + 150°C 

Notes: Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions 
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are 
guaranteed only if the Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max Units 

VccA Analog Supply Voltage 4.75 5.0 5.25 v 
Vcco Digital Supply Voltage 4.75 5.0 5.25 v 
VAGND Analog Ground Voltage !Measured to DGNDI -0.1 0 +0.1 v 

1PWL COi~ii Puise Width, i.OVV 10 . ., 
tpwH CONV Pulse Width, HIGH 27 ns 

VIL Input Voltage, Logic LDW 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 v 

loL Output Current, Logic LOW 4.0 mA 

1oH Output Current, Logic HIGH -400 pA 

VRT Most Positive Reference Input 1 5.0 VccA + o.1 v 
VRB Most Negative Reference Input 1 2.65 3.0 v 
VRT-VRB Voltage Reference Differential 1.8 2.0 2.2 v 

VIN Input Voltage VRB VRT v 

TA Ambient Temperature, Still Air 0 70 oc 

Note: 1. VRT must be more positive than VRB· and voltage reference differential must be within specified range. 

Thermal characteristics !approximate) 

Parameter Package Typical Units 

eja Thermal Resistance, Junction to Ambient N6 45 °C/W 

R3 65 °C/W 

B6 50 °C/W 

Bjc Thermal Resistance, Junction to Case N6 17 °C/W 

R3 14 °C/W 

B6 TBD °C/W 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

lcCA+lcco Total Supply Current Vcc=Max 1 160 mA 

IREF Reference Current VRT• VRB = Norn 30 mA 

RREF Total Reference Resistance 67 Ohms 

R1N Input Equivalent Resistance VRT• VRB = Norn, V1N = VRB 80 kDhms 

C1N Input Capacitance VRT• VRB = Norn, VIN = VRB 50 pF 

lcs Input Constant Bias Current VcCA =Max 250 µA 

l1L Input Current, Logic LOW Vee = Max, v1 = 0.4V -0.6 mA 

l1H Input Current, Logic HIGH Vee = Max, v1 = 2.4V -200 50 µA 

11 Input Current, Max Input Voltage Vee = Max, v1 = Vee = Max 1.0 mA 

Vol Output Voltage, Logic LOW Vee = Min, loL = Max 0.5 v 
VoH Output Voltage, Logic HIGH Vee = Min, loH = Max 2.4 v 
los Short-Circuit Output Current Vee = Max, Output HIGH, one pin to -40 mA 

ground, one second duration max. 

C1 Digital Input Capacitance TA= 25°C, F = lMHz 15 pF 

Note: 1. Worst case. all digital inputs and outputs LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

Fs Maximum Conversion Rate Vee= Min 20 Msps 

tsTo Sampling Time Offset Vee= Min -2 10 ns 

to Output Delay Vee = Min, Load 1, Figure 4 35 ns 

tHo Output Hold Time Vee = Max, Load 1, Figure 4 5 ns 
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System performance characteristics within specified operating conditions 

Parameter 

Eu Linearity Error Integral, Independent 

ELD Linearity Error Differential 

cs Code Size 

EoT Offset Error, Top 

EoB Offset Error, Bottom 

Teo Offset Error, Temperature Coefficient 

BW Bandwidth, Full Scale Input 

BWss -3dB Bandwidth, Small Signal 

trn Transient Response, Full Scale 

SNR Signal-to-Noise Ratio 

Peak Signal/RMS Noise 

RMS Signal/RMS Noise 

EAP Aperture Error 

DP Differential Phase Error 

DG Differential Gain Error 

Figure 5. Typical Interface Circuit 

6.8K 

ANALOG<¥ 
INPUT ~ 

Test Conditions 

VRT• VRB = Norn 

VIN= VRT 

VIN= VRB 

No Spurious or Missing Codes 

- 20dBFS Input 

lOMHz Bandwidth, 

20Msps Conversion Rate 

1.248MHz Input 

2.438MHz Input 

1.248MHz Input 

2.438MHz Input 

Fs = 4 x NTSC 

Fs = 4 x NTSC 

1N4148 
21 

VIN 

>--+--'Wv+---+-'-1 VIN 

TOC1058 

ALL CAPACITORS 0.1µF CERAMIC UNLESS OTHERWISE NOTED 
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Temperature Range 

Standard 
Min Max Units 

0.2 % 

0.2 % 

25 175 % Norn 

-10 + 10 mV 

-15 mV 

-20 ±20 p,V/°C 

7 MHz 

60 MHz 

70 ns 

54 dB 

53 dB 

45 dB 

44 dB 

60 ps 

1.0 Degree 

2.0 % 

~ 

o1 (MSB) 

02 

03 

04 

05 
13 

Os 
14 

07 
15 

08 (LSB) 
16 

NC 
20,22,24 

NMINV 
28 

NLINV 
12 

21497A 
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Figure 6. Inexpensive Interface Circuit 

+SV 

FERRITE 
BEAD 

0.1µF 10µF 

o.1µFpoµF 

1N5711 

1N5711 

+0.1µF 

3Y 

-= 
o.1µFpoµF 

CONY 
NOTE: 1. Optional, see text 

Typical Interface Circuit 

TDC1058 

YIN 

RM 

Re 

AGND• 
CONY DGND 

-= 
21213A 

The Typical Interface Circuit (Figure 5) shows an 
example of a high-performance application circuit for the 
TDC1058. The wideband analog input amplifier drives the 
AID converter directly. Bipolar inputs to the amplifier can 
be accommodated by adjusting the offset control. TRW's 
TDC4614 provides a stable reference for both the offset 
and gain control. All V1N pins are con-nected close to 
the device package and the input ampli-fier's feedback 
loop should be closed at that point. The buffer has an 
inverting gain of two, increasing a 1Vp-p video input 
signal to the recommended 2Vp-p input for the 
TDC1058. Proper decoupling is recommended for all 
systems. 

The bottom reference voltage IVRBl is supplied by an 
inverting amplifier or the TDC4614, buffered with a PNP 
transistor. The transistor provides a low-impedance source 
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Figure 7. Optional Midscale Linearity Adjust 

RT 
+SY--~---------t 

10K 

2K R 
>----......;M"'-1 TDC1058 

10K 

Re 
+3Y--------------t 

21195A 

and is necessary to sink the current flowing through the 
reference resistor chain. 

The Inexpensive Interface Circuit shown in Figure 6 
offers considerable parts reduction for cost-sensitive 
applications where DC response is not required and loss 
of some power supply rejection is tolerable. The 200 
Ohm resistors bias the input to +4V and provide the 
current to the zener diode to provide the reference 
bottom voltage. The 1/LF capacitor decouples the input 
signal from the DC voltage present at the input of the 
TDC1058. The 1 O/LF and 0.1 /LF capacitors, as well as the 
ferrite bead, provide power supply decoupling. The 
1 N5711 Schottky diodes are for protection against 
overvoltages at the input and are not required if these 
precautions are taken elsewhere in the circuit. 
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Typical Performance Curves 

A. Typical Differential Phase and Gain 

DIFFERENTIAL 
GAIN 

B. Typical SINAD (SNR + Distortion) vs. Input 
Frequency 

-....................... ·-.. .. .... .. . 2% 50 1------+----+---+---+-l--+--I 

.•..••. ............................. 0 

DG = 0.99% ......................................................... 1 -2 

DIFFERENTIAL PHASE 
t• ............................. --............................ . 

_:~ 
Convert Frequency = 14.3181 SOOMHz 
Analog Input = 3.57954550MHz 

Evaluation Board 

21214A 

The TDe1058E1 e is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of the rne1058 AID converter. The board 
dimensions are 100mm x 160mm with a standard 64 pin 
double-row DIN male connector installed. A 
complementary 64 pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes reference voltage generators, wideband video 
input amplifier, and a rne1012 12-bit D/A converter 
which may be used in evaluating certain parameters of 
the TOe1058. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with rne1058 and 
rne1012 installed. 

Power and Ground 

Four power supply voltages are required for the 
operation of the TOe105BE1 e: Vee=+ 5V, VEE= - 5.2V, 
V + = + 15V and V- = -15V. All power inputs are 

TRW LSI Products Inc. 
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2 3 4 5 6 78 
Input Frequency - MHz 21215A 

decoupled to a single solid ground plane, GND. 'J GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

Voltage Reference Generator 

The rne1058E1 e has two voltage reference generator 
circuits for driving the RT and RB terminals of the 
TDe1058. A fixed + 5.0V is applied to RT from U2 and 
01. A variable + 3V is supplied to RB from U3 and 02. 
The GAIN potentiometer provides ± 10% adjustment 
range on the RB voltage. Diodes D3 through DB act as 
clamps which protect the TOe1058 from power-on 
conditions that might violate absolute maximum ratings 
and damage the TDe1058. 

Video Input Amplifier 

The input amplifier of the TDe1058E1 e, U4, has been 
designed to accept a ± 0.5V input range and translate 
that signal to the + 3V to + 5V range of the TDe1058. 
The output of this amplifier can be monitored at the 
AOUT SMA connector which is connected to the V1N 
terminals of the TOe1058 through a 4700 resistor. The 
OFFSET potentiometer, R29, gives a ± 0.5V offset 
adjustment range to the board. 
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A/D Converter Inputs 

The clock to the TDC1058, CONV, is normally brought 
onto the board through the SMA connector labeled 
"CONV." By installing jumper J1, this signal is routed 
through the edge connector pin B2. A terminating 
resistor location, R32 is available on the board for 
terminating clock signal cable. The NMINV and NLINV 
inputs to the TDC1058 are pulled HIGH with resistors 
and may be pulled LOW by installing jumpers J2 and J3. 

The analog signal input to the TDC1058E1 C is brought 
onto the board by way of the SMA connector labeled 
"A1N" near pin 28 of the TDC1058. A terminating 
resistor, R25, is included on the board for terminating a 
500 analog input signal cable. 

A/D Converter Data Outputs and D/A Converter 
Data Inputs 

The eight data outputs of the TDC1058 are brought to 
edge connector pins B13 through B21 (excluding B18). 
These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of A/D outputs to D/A 
inputs. 

TDC1058E1C Silkscreen Layout 

D/A CONVERTER 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled "CLK" 
near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock to the TDC1012 is also brought to the edge 
connector pin 824. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge connector 
pins B28 and 827. Load resistors of 51. rn are provided 
on the board to facilitate 500 cable connection to the 
board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0V as 
part of the factory test and calibration procedure. 

Removing the jumper in the location labeled "FT" will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 reconstruction. 

TDC1058E1C D•D 
I TOCl012 l 
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TDC1058E1C Component Side Layout 

TDC1058E1C Circuit Side Layout 

• 

• 
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TDC1058E1C Eurocard Edge Connector Pinout 

GND A32 832 V- (-15V) 
GND A31 831 V+ (+15V) 
GND A30 830 NC 
GND A29 829 NC 
GND A28 828 0/A OUT+ 
GND A27 827 D/A OUT-
GND A26 826 NC 
GND A25 825 NC 
GND A24 824 D/A CLK 
GNO A23 823 NC 
GNO A22 822 NC 

D/A D1 MS8 A21 821 AID 01 MS8 
D/A D2 A20 820 AfD D2 
D/A 03 A19 819 A/D 03 

GND A18 818 Vee !+5Vl 
D/A 04 A17 817 A/D 04 
D/A 05 A16 816 A/D 05 
O/A 05 A15 815 A/D 05 
D/A 07 A14 814 A/D 07 

D/A Os LS8 A13 813 A/D Os LS8 
NC A12 812 NC 
NC A11 811 NC 
NC A10 810 NC 
NC A9 89 NC 
NC AB 88 NC 
NC A7 87 f'.,IC 
NC AG 86 NC 
NC A5 85 NC 

GND A4 84 NC 
GND A3 83 NC 
GND A2 82 A/D CONV 
GND A1 81 VEE (-5.2V) 

Mating Connectors for TDC1058E1C 

AMP 532507-2 Wire-wrap 
AMP 532507-1 Solder tail 

Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
Robinson-Nugent RNE-64BS-S-TG30 Solder tail 

Souriau 8609-264-6115-7550E1 Wire-wrap 
Souriau 8609-264-6114-7550E1 Solder tail 
Souriau 8609-264-6813-755DE1 Solder tail. 

right-angle 
bend 
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TDC1058 ii~·· 
Figure 8. TDC1058E1C AID Converter Schematic Diagram 
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Figure 9. TDC1058E1C D/A Converter Schematic Diagram 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC1058B6C STD-TA =0°C to 70°C Commercial 28 Pin CERDIP 1058B6C 

TDC1058N6C STD-TA=0°C to 70°C Commercial 28 Pin Plastic DIP 1058N6C 

TDC1058R3C STD-TA=0°C to 10°c Commercial 28 Leaded Plastic Chip Carrier 1058R3C 

TDC1058E1C STD-TA=0°C to 10°c -- Eurocard PC Board TDC1058E1C 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% tes1ing, as appropriate. TRW reserves the right to change 
products and specrficatrons without notrce. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
componen1 can reasonably be to result rn personal in1ury. The user of TRW LSI Products Inc componen1s in life support applications assumes all risk of 
such use and indemnifies TRW Products Inc. against all damages. 
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TMC1061 --~·-· ...... 
10-Bit High-Speed Microprocessor-Compatible AID Converter with 
Track/Hold 
Employing a "half-flash" A/D conversion technique, the 
TMC1061 CMOS 10-bit A/D converter offers high-speed 
conversions while dissipatinq onlv 235 milliwatts. The 
analog input signal to the TMC1061 is tracked and held by 
an internal sampling circuit. Input signals from DC to 
greater than 200kHz can be digitized accurately without the 
need for an external track/hold stage. 

For convenient interface to microprocessors. the TMC1061 
has been designed to function as a TTL compatible memory 
device or 1/0 port without the need for additional interface 
logic, clocks. or timing generators. 

Functional Block Diagram 

VREF+ >---------.._ 
VREF- >--------~ 

CONTROL 

Features 

• 1.8µs Maximum Conversion Time 
• Includes Track/Hold Input Stage 
• No External Clock Or Timer Required 
• Single +5 Volt Power Supply Operation 
• No Missing Codes, Guaranteed 
• Power Dissipation Less Than 235mW 

Applications 

• Waveform Digitizers 
• Disk Drives 
• Digital Signal Processing 
• Mobile Telecommunications 

OUTPUT 
REGISTER 

10 

DBg.o 

TIH 

cs 
RD 

AND TIMING....-------------~ 
LOGIC 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone: 1619) 457-1000 
FAX 1619) 455-6314 

21500A 
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TMC1061 

Pin Assignments 

ovcc 1 

RD 4 

cs 5 

AVcc s 

VREF· 7 

VIN 8 

VREF+ 9 

GND 10 

• 

TMC1061 
(TOP VIEW) 

20 DBo (LSB) 

19 DB1 

18 DB2 

17 oe3 

16 DB4 

15 DBs 

14 oe6 

13 DB7 

12 DBs 

11 DBg (MSB) 

21501A 

20 Pin CERDIP - 83 Package 
20 Pin Plastic DIP - N3 Package 
20 Pin Plastic SOIC - M3 Package 

Functional Description 

The TMC1061 accurately converts an analog input signal to 
10-bit data by performing two low-resolution flash A/D 
conversions. The first A/D conversion provides the six 
Most Significant Bits (MSBs) of the final result while the 
second A/D conversion produces the four Least Significant 
Bits (LSBs) of the 10-bit result. 

The sixteen comparators used in the first flash conversion 
are used again for the second flash. Thus, the half-flash 
conversion techniques used in the TMC1061 needs only a 
small fraction of the number of comparators that would be 
required for a traditional flash converter, and far fewer than 
would be used in a conventional half-flash approach. This 
allows the TMC1061 to perform high- speed conversions 
with minimal power drain. 

Power and Grounding 

The TMC1061 is designed to operate from a single +5 Volt 
power supply. There are two power supply input pins, 
AVcc and DVcc. These pins allow separate external 
decoupling capacitors for the analog and digital sections of 
the TMC1061. To ensure optimum performance, the two 
power supply pins should be connected to the same voltage 
source, and each should be decoupled with a 0.1µF ceramic 
capacitor in parallel with a 1 OµF tantalum capacitor. 
Depending on the circuit board layout and other system 
considerations such as power supply noise and proximity of 
noisy circuit elements, more decoupling may be necessary. 
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It is important to ensure that none of the TMC1061 's input 
or output pins are driven to voltages more than 300mV 
above AVcc and DVcc. or more than 300mV below GND . 
If these limitations are exceeded, the current into or out of 
any pin on the TMC1061 must be limited to less than 5mA, 
and no more than a total of 20mA into or out of all 
overdriven pins can be allowed. In systems with multiple 
power supplies where the TMC1061 's voltage reference 
source and input amplifiers are powered separately from 
the A/D converter, careful attention to power supply 
sequencing must be paid and clamp diodes used to prevent 
damage to the CMOS A/D converter. The TMC1061 's 
power supply pins should be at the proper voltage before 
other signals are applied. 

To ensure fast, accurate A/D conversions from the 
TMC1061, it is necessary to use good circuit board layout 
techniques. The analog ground return path must have low­
impedance and be free of noise from other circuits in the 
system. Noise from neighboring digital circuitry can 
degrade performance. The digital ground plane should be 
separate from the analog ground plane. 

All decoupling capacitors should be located as close to the 
TMC1061 as possible. The analog input should be isolated 
from noisy signal traces to avoid cross-coupling unwanted 
noise into the input. All external components (e.g., filter 
capacitors) connected from the converter input to GND 
should be connected to a low-noise ground return point. 
Improper grounding may result in degraded A/D converter 
performance. 

Voltage Reference 
' 

The TMC1061 has two reference voltage inputs, VREF+ 
and VREF-, which define the zero to full-scale input range 
of the TMC1061. The reference inputs can be connected 
to cover the entire power supply voltage range for 
ratiometric applications by connecting VREF- to GND and 
VREF+ to Vee. They can be connected to any other 
voltages between GND and Vee to accommodate other 
input voltage ranges. When the overall VREF is reduced to 
less than 5 Volts, the sensitivity of the TMC1061 is 
increased (if VREF+ - VREF = 2 Volts, then 1 LSB = 
1.953mV). When the input voltage range is decreased, 
however, linearity and offset errors become larger with 
respect to the range. The Typical Performance Curves 
give more information on the performance of the TMC1061 
as reference voltage is varied. A reference voltage range 
(VREF+ - VREF) of less than 2 Volts is not recommended. 

TRW LSI Products Inc. 
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Voltage Reference 

VREF- is usually connected to GND. It is occasionally 
useful to use an input voltage range which is offset from 
ground. The TMC1061 can easily be set up to 
accommodate this requirement. VREF- can be driven 
to a voltage more positive than ground as long as the 
voltage source applied to VREF- is capable of sinking the 
necessary reference current. VREF- should be properly 
decoupled to reduce noise injection when driven to a 
voltage other than GND. 

Since the resistance between the two voltage reference 
inputs (VREF+ and VREH can be as low as 400Q, the 
voltage source driving these inputs should have low output 
impedance. Noise on either voltage reference inputs will 
degrade the performance of the TMC1061. The circuits 
that are connected to VREF+ and VREF- must be stable. 
low noise voltage sources. Each voltage reference input 
should be decoupled with a 1 OµF tantalum and a 0.1 µF 
ceramic capacitor. Additional decoupling may be 
necessary where power supply and ground noise may 
be excessive. 

The choice of reference voltage source depends upon the 
requirements of the system. In ratiometric data acquisition 
applications, where the magnitude of the system 
parameter being digitized is proportional to or depends 
upon the power supply voltage level, the reference inputs 
are normally connected to Vee and GND, and no other 
reference voltage is used. In absolute measurement 
applications, where absolute 10-bit accuracy is required, a 
voltage reference source with better than 0.1 % accuracy 
and temperature drift characteristics is recommended. 

The Analog Input 

The internal track/hold stage of the TMC1061 samples the 
analog input voltage every A/D conversion cycle. During 
the acquisition time period, tACQ. the analog input is 
connected to a network comprising a 600Q resistor in 
series with a capacitor of 35pF. Short-duration current 
spikes can be seen at the analog input during normal 
operation. These spikes are the natural result of switching 
a fixed voltage onto a capacitor charged to a different 
voltages level. These observed spikes do not affect the 
operation or the accuracy of the A/D converter. 

High source impedances of amplifiers or buffers driving the 
TMC1081 can slow the charging of the sampling capacitors 
and degrade conversion accuracy. Therefore, only signal 
sources with low output impedances(< 5000) used. If the 
system requirements allow for increased sampling time, 

TRW LSI Products Inc. 

the source impedance can be higher. If a signal source 
has a high output impedance, its output should be buffered 
with an operational amplifier. The operational amplifier's 
output should be frequency-stable when driving a 
35pF capacitive load. Ringing or voltage shifts at the 
TMC1061 input during the sampling period can result in 
degraded performance. 

;r~~T(~~60_6~0c!,~)ct~(~~~ ;~~v~~)an~~~gsii;~~~ ~~~n~~~ GI 
must not drive the analog input pin more than 300mV more 
positive than AVcc and DVcc or more negative than 
300mV GND. If it is possible for the analog input pin to be 
forced beyond these voltages, the current flowing into or 
out of V1N should be limited to 5mA to avoid damage to to 
the TMC1061. 

The TMC1061 can perform accurate conversions of input 
signals at frequencies from DC to greater than 200kHz 
without external sampling circuitry. 

Modes of Operation 

The TMC1061 has two digital interface modes illustrated in 
the Timing Diagrams. 

In Mode 1, the f/H input determines the start of the 
conversion process. When I /H is driven LOW for a 
minimum of 20ns, the comparators that determine th!:'._ 
upper 6-bits of the final result become active. When T/H 
goes HIGH. the 6-bit partial result is stored and the final 
4-bit conversion begins. After tCONV (approximately 1.2µs, 
1.Bµs maximum) INT goes LOW, indicating that the 
conversion is complete and that the final results can be 
read when RD goes LOW. CS must be LOW in ~rder to_ 
enable T/H or RD. CS is logically ANDed with T/H and RD. 
The input voltage is sampled when CS and T/H are LOW, 
and the result is read when CS and RD are LOW. 

In Mode 2 ("RD mode"), the T/H and RD inputs are 
connected together. A conversion is initiated when both 
inputs are LOW. The TMC1061 samples the input voltage 
and causes the comparators to become active and to 
determine the upper 6-bits of the final result. An internal 
timer terminates the conversion of the upper 6-bits and 
initiates the conversion of the four LSBs. In this mode, 
tCONV lasts approximately 1.Bµs (2.4µs maximum) after 
T/H and RD are brought LOW. After tCONV. INT goes LOW 
indicating that the conversion is complete. The data on the 
outputs (enabled when RD is LOW) becomes valid 
approximately 20ns after INT goes LOW. Data will be 
enabled on the outputs throughout the conversion process. 
but are not valid until after INT goes LOW. 
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Signal Definitions 

Power 

ovcc. 
AV cc 

GND 

Digital and analog positive power supply 
voltage inputs. They should always be 
connected to the same voltage source, but 
are separated to allow for individual 
decoupling capacitors. 

This is the power supply ground input to the 
TMC1061. 

Analog Inputs 

V1N The TMC1061 outputs a 10-bit binary word 
whose magnitude corresponds to magnitude 
of the voltage on the V1N input with respect 
to the difference between VREF+ and VREF-. 
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The reference voltage inputs determine the 
input voltage range of the TMC1061. VREF+ 
must be more positive than VREF-. An input 
voltage equal to VREF- produces an output 
code of 0, and an input voltage equal to one 
LSB less than VREF+ produces an output code 
of 1023. 

Digital Inputs 

CS The Chip Select control input enables the 
T/H and RD inputs when LOW. 

T/H This is the Track/Hold control input. When 
this pin is LOW, it causes the analog input 
signal to be sampled and initiates a new A/0 
conversion cycle. 

RD When LOW, the RD control input enables the 
ten data outputs of the TMC1061. When 
HIGH, the outputs are in a high-impedance 
state. 

Digital Outputs 

INT The interrupt output goes LOW at the end of 
each A/0 conversion. INT returns HIGH 
following the rising edge of RO. 

DBo-DBg These are the ten data output pins. They are 
enabled when RD is LOW. 
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Package Interconnections 

Signal 
Type 

Power 

Analog Inputs 

Digital Inputs 

Digital Outputs 

Output Coding 

Input 
Voltage 

>4.092 

+4.092 
+4.088 

+0.004 
0.000 

<0.000 

DB9 
MSB 

11 

11 
11 

00 

00 
00 

Signal 
Name 

AV cc 

ovcc 
GND 

VIN 

Vf!t:~+ 

VREF-

cs 
T/H 

RD 

INT 

DB9 MSB 

DB8 

DB7 

DBS 
DB5 

DB4 

DB3 

DB2 

DB1 
DBo LSB 

1111 

1111 
1111 

0000 

0000 
0000 

DBo 
LSB 

1111 

1111 
1110 

0001 

0000 
0000 

Function 

Positive Analog Supply 

Positive Digital Supply 

Ground 

Analog Signal Input 
Posiiiv~ Reference inpui 

Negative Reference Input 

Chip Select 

Track/Hold Control 

Read Control 

Interrupt Output 

Most Significant Bit 

Least Significant Bit 

Note: The input voltage range used for this table is from 0.0 to +4.092 
Volts. VREF- = GND and VREF+ = 4.096 Volts. Input voltages are 
measured at code centers. 

TRW LSI Products Inc. 

Value Pin 

+5.0V 6 

+5.0V 1 

o.ov 10 

±4.7V 8 
+4.7V :; 

o.ov 7 

TIL 5 
TIL 3 

TIL 4 

TIL 2 

TIL 11 

TIL 12 

TIL 13 

TIL 14 

TIL 15 

TIL 16 

TIL 17 

TIL 18 

TIL 19 

TIL 20 
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Mode 1. Timing Diagram Mode 2. Timing Diagram 

T/H 

\ ___ / cs j I / \ ___ __ 

T/H&RD \F~~ b---d ~y .~~--
~J110~ l;::1RDINT 

INT I \I Ii 
~IENA2 •I~ l-to1s 

DBo.9 - -<XXXXXXXXXXXX DATAVALID }- - - • 

I I I 
21502A 21503A 

Absolute maximum ratings (beyond which the device may be damaged) 1,2 

Supply Voltages 
DVCC .......................................................................................................................................................................................... --0.5 to +6.5V 
AVcc .......................................................................................................................................................................................... --0.5 to +6.5V 
AVcc- DVcc a ....................................................................................................................................................................... --0.3 to +0.3V 

Input Voltages 
Digital Inputs ................................................................................................................................................................ (DVcc + 0.31 to -0.3V 
Analog Inputs ................................................................................................................................................... (AV cc + 0.3) to (GND - 0.3) V 

Outputs 
Digital Outputs, applied voltage ................................................................................................................................................ -0.5 to OVcc 
Input current, any pin, externally forced 3 ............................................................................................................................................. :!5mA 
Short-circuit duration (single output to GNO) ................................................................................................................................... unlimited 

Temperature 
Operating, junction ................................................................................................................................................................... -60 to + 135°C 

Soldering 
N3 package (10 seconds) ............................................................................................................................................................... +260°C 
B6 package (10 seconds) ................................................................................................................................................................ +300°C 
M3 small outline package .............................................................................................................................................................. +260°C 

Vapor phase (60 seconds) .................................................................................................................................................. +215°C 
Infrared (15 seconds) .......................................................................................................................................................... +220°C 

Junction ..................................................................................................................................... , .......................................................... + 150°C 
Storage ..................................................................................................................................................................................... -65 to + 150°C 

Package input current 3 .............................................................................................................................................................................................................. ±20mA 

Package powar dissipation at 25°C 4 ..................................................................................................................................... . ......................... 875mW 

ESD Susceptibility 5 ................................................................................................................................................................................................ 1500V 

Note: Applied voltages must be current limited to specified ranges and that forcing voltages must be limited to specified ranges. 
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Operating conditions 1,2,8,9 

Parameter Min Norn Max Min Norn Max Units 

AV cc. DVcc Positive Power Supply Voltages 6 4.5 5.0 5.5 4.5 5.0 5.5 v 
------------+-----+------+------+------~-------

AV cc-DV cc Power Supply Voltage Differential -0.1 00 0.1 -0.1 0.0 
+----·--· 

0.1 v 

_vS_RIN ____ ln_p_ut_V_o_lt_ag_e_R_a_n_ge _______ ___, GND .050 +4.069 AVcc+ ~~o_ GND-.050 +4.069 ~~cc+~?.~t--c-~--

_____ ln_p_ut_S_le_w_R_at_e ________ ·------+-_!_2_-·t--c--c--:- +-__12c-i ____ __ V/µs 
VREF Reference Voltage 6 3.5 +4.096 AVcc+.050 3.5 +4.096 AVcc+.050 V 

IOL 

IOH 

Input Voltage, Logic LUW, uvcc = 4./~V 

Input Voltage, Logic HIGH, DVcc = 5.25V 

1.4 ~tl IA 
-2.-o-+--1-.4--+---- --- --2.o___ 1.4 

u.a 

v 

Output Current, Logic LO_W ______ • ___ -6_.o ___ --1_:::.~D_---+---------+---6_.o_+--2_0 ____ ------t---ri_ij\ __ _ 
Output Current, Logic HIGH 8.0 20 8.0 20 mA 

Electrical characteristics within specified operating conditions 8.9 

Temperature Range 

t------~~!r~-- Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Diec DVCC Supply Current CS=WR=RD=HIGH 0.1 2.0 2.0 mA 
~~----~~-------+-~~~~~------r-----+-----+-----+---+----+--------

Alec AVCC Supply Current C S =WR= RD= HIGH 30 45 45 mA 

C1N Analog Input Capacitance 

IVIN Analog Input Current 

35 pf 
CS= V1N = +5.0V -------o.ol---1 --~- 1--; --~~ 

t-----~~~----·----- 1------· -- -----t---- t----- ----
V1 N = O.OV, cs= +5.0V -0.01 I --3 -3 µA 

RREF Reference Resistance 

c Digital Input Capacitance 

650 400 900 400 900 Q 
----t--- ----- -i-------

5 pf 

llL Input Current, Logic LOW 

llH Input Current, Logic HIGH 

-0.005 --1.0 -1.0 µA -----+ 
0.005 1.0 1.0 µA 

--------------+------------··----·----+-----+ 

VOL Output Voltage, Logic LOW 

VQH Output Voltage, Logic HIGH 
IOUT = 1.6mA, DVcc = 4.75V ~2--.4 0.4 -·--2.·4-j---Q~_ vv 
IOUT = -360µA, DVcc = 4.75V I 
IQLJT = -10µA, DVcc = 4.7-5V~-+----- . 4.5 4.5 ' --- t---17--

c--IO_Z_L_--:-O~u_tp_u_t_Le_a_ka_g_e~C_u_rr_en_t_, L_O~W~-+--V_o_U_T __ =_O_.o_v -0.01 ____ :0~ -----+---3.0_-t-_µ_j\ __ 
lozH Output Leakage Current, HIGH VouT = 5.0V 0.01 3.0 3.0 µA 

CouT Digital Output Capacitance 
------'--- ---

pF 
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Switching characteristics within specified operating conditions 8,9,10 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

tc1 Conversion Time Mode 1 1.2 1.8 1.8 µs 

tc2 Conversion Time Mode 2 1.8 2.4 2.4 µs 

tsH Sampling Time 7 Figure 1, RS= 50Q 250 250 ns 

tRDINT RD to Reset of INT 10 50 50 ns 

t1D INT to Data Delay CL= lOOpF 20 50 50 ns 

tp Dead Time 10 20 20 ns 

tENAl Output Enable Time Mode 1, CL= lOOpF 20 50 50 ns 

tENA2 Output Enable Time Mode 2, CL= 1 OOpF tc2 + 50 tc2 + 50 ns 

to1s Output Disable Time CL= lOOpF, RL = 1 kQ 20 50 50 ns 

System performance characteristics within specified operating conditionsB,9 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Eup Integral Linearity Error ±0.3 ±1.5 ±1.5 LSB 

ELD Differential Linearity Error ±1.0 ±1.0 LSB 

EFS Full-Scale Error ±0.5 ±1.0 ±1.0 LSB 

Ez Zero Error ±0.1 ±1.0 ±1.0 LSB 

ETu Total Unadjusted Error ±1.0 ±2.0 ±2.0 LSB 

PssF Power Supply Sensitivity AV cc= ovcc = +5.o ±5% ±0.125 LSB 

VREF+ = +4.75V, VREF- = O.OV 
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Notes on Specification Tables 

1. Absolute Maximum Ratings indicate limits beyond 
which damage to the device may occur. Operating 
Conditions indicate conditions for which the 
device is functional, but do not guarantee specific 
performance limits. For guaranteed specifications 
and test conditions, see the Electrical 
Characteristics. The guaranteed specifications 
apply onlv for the test conditions listed. Some 
performance characteristics may degrade when the 
device is not operated under the listed test 
conditions. 

2. All voltages are measured with respect to GND. 
unless otherwise specified. 

3. 

4. 

When the voltage applied to any pin exceeds the 
power supply voltages (i.e., Vee) the ?bsolute value 
of current flowing into or out of that pm must be 
limited to 5mA. The total package input current must 
be limited to 2amA (i.e. four pins at 5mA per pin). 

The maximum power dissipation must be derated at 
elevated temperatures and is dictated by T JMAX. 
0JA and the ambient temperature, TA The maxi_mum 
allowable power dissipation at any temperature 1s 

Figure 3. Output Test Loads 

DVcc 

I~ DVcc---
- 90% 
RD 50% 

GNDl~H 10% 

VoH 90% 
DBx 

GND 

TRW LSI Products Inc. 

Po= (T JMAX - T A)/0JA or the number given in the 
Absolute Maximum Ratings, whichever is lower. 
For this device, T JMAX = 15a0 e. and the typical 
thermal resistance (0JA) when board mounted is 
47°e;w for the plastic (N) package, 85°e;w for the 
ceramic (J) package, and 65 °e;w for the small 
outline (MW) package. 

5. Human body model. 1 aapF discharged through a 
1.5kn resistor. 

6. Typicals are at 25°e and represent the parametric 
level most likely to occur. 

7. TMe1061 performance may degrade if tSH is shorter 
than the specified value. 

8. The following specifications apply for AVee = DVee = 
+5.a Volts. VREF+ = -5.aV. VREF- =a.av unless 
otherwise specified. 

9. Typical performance specifications are for 
TJ = +25°e. 

10. Rise and fall times for digital inputs= 2ans. unless 
otherwise specified. 

DVcc DVcc 

- DVcc '_r -~-- 90% 
RD 50% 

GND 10% 
DATA loH ->J ~ 
OUTPUT DBx DVcc -:p::-

VoL ----- 10% 
21504A 
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Typical Performance Curves 

A. Zero (Offset) Error vs 
Reference Voltage 

~ 

1.0 ~----------~ 

AV cc= DVcc = +5V 

0.8 I----+-- T J = 25°C 

~ 0.6 1------1,___---+----+----i 

~ 
a: 
a: 
~ 0.4 1------1--------+----t 
a: 
w 
N 

D.D ~-----~--~--~ 
1 2 3 4 

REFERENCE VOLTAGE, VREF+ • VREF· (V) 21505A 

C. Mode 1 Conversion Time 
vs Temperature 
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1.6 ~----------~ 

1.4 ,__<i+-N--+-"""'---!-+--+---+-----+-----< 

];. 1.2 1---+-1:=!!!! .. -fi-~-+-il--I 
J 1.0 l----+----1--+---+--+---+--+--i 

i 0.8 l---+----1--+---+--+--+-+--l 
w 

~ 0.6 1-- AV cc= DVcc = VREF = +5V ---+-
w 0.4 l---t----1--+---+--+---+-+---t 

~ 0.2 l---t----1--+---+--+---+-+---t 

0.0 .___.___....___,____._....__ ...... _...____, 
.75 ·50 ·25 0 25 50 75 100 125 

JUNCTION TEMPERATURE, TJ ('C) 21507A 

·-~·-· ..•. ~.., 
B. Linearity Error vs 

Reference Voltage 

~ 
~ 

1.0 

0.8 

T T 
AV cc= DVcc = +5V 

TJ = 25°C 
__, 

~ 0.6 
a: 
w 
>- ~ 

~ 
~ 0.4 
:3 z 
::::; 

0.2 

0.0 
1 2 3 4 

REFERENCE VOLTAGE, VREF+ • VREF· (V) 21506A 

D. Mode 2 Conversion Time 
vs Temperature 

2.2 ~----------~ 

"' 2.0 l--""""~..+~-... l--+--+--1f---t--l 

~ 1.8 l---+---li-=~""'"1-........ -+--t 
~ 1.6 l----+----11---+---+--+--+-+--i 
uf 
:::;; 1.4 l---+----11---+---+-+--+-+--l ;:::: 
i5 1.2 l---+----11---+---+-+--+-+--l 

~ 1.0 l---t----11---+---+--+--+-+--i 

~ 0.8 1-- AV cc= DVcc = VREF = +5V --+-­
"' 0.6 l----+----11---+---+--+--+-+--i 

~ 
~ 0.4 

0.2 l---+----11---+---+-+--+-+--l 

0.0.75 ·50 -25 0 25 50 75 100 125 
JUNCTION TEMPERATURE, TJ ('C) 21508A 
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Figure 4. Typical Interface Circuit 

+12V10 >-----------------. +15V 

+4.7V 
>-+:__....-----1~----~ VREF+ 

Ordering Information 

Product 
Number Temperature Range 

TMC106183F EXT - Tc ; -55°C to 125°C 

TMC106183B IND -Tc; -40°C to 85°C 

TMC1061N38 IND - Tc ; -40°C to 85°C 

TMC1061M38 IND· Tc; -40°C to 85°C 

TMC1061E1C STD- TA; 0°C to 70°C 

0.1 

Screening 

Commercial 

Commercial 

Commercial 

Commercial 

+ 
10 

VREF· 

10 GND 

Package 

20 Pin CERDIP 

20 Pin CERDIP 

20 Pin Plastic 

20 Pin Plastic SOIC 

Eurocard PC Board 

DBo.g 

cs 
T/H 

Rii 

21509A 

Package 
Marking 

1061 B3F 

1061838 

1061N3B 

1061M3B 

TMC1061E1C 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 

Life Support Policy 
TRW LSI PRoducts Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 
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THC1068 

Complete High-Speed A/D Converter 
8-Bit, 25Msps 

Designed to be user-friendly, the THC1068 is a complete 
flash analog-to-digital converter that combines all circuitry 
required to convert high-speed analog signals into 8-b1t 
digital data at rates of up to 25Msps IMegaSamples Per 
Second). Based on the industry standard TDC1048 
monolithic flash analog-to- digital converter, the THC1068 
contains a wideband analog input amplifier, precision 
voltage reference and three-state outputs as well as 
zero-scale and full-scale flags. 

The THC1068 offers significant advantages in space 
efficiency and ease of use. Combining all analog front­
end circuitry with the AID converter in an easy to use 
package results in savings of board space, component 
and assembly cost. Furthermore, labor intensive circuit 
adjustments are eliminated. 

The THC1068 is designed to meet the demanding 
requirements of military applications. It is available in a 
24 pin hermetic package and operates with guaranteed 
performance over the full -55 to + 125°C case 
operating temperature range. 

Functional Block Diagram 

Features 
• Complete 8-B!t Ana!cg-Tc-D!g!ta! Converter 
• TTL Compatible, Three-State Outputs 
• 25Msps Conversion Rate, THC1068-1 
• 20Msps Conversion Rate, THC1068 
• 10MHz Full Power Analog Input Bandwidth 
• Full Performance Is Guaranteed From - 55 to 125°C 
• Complete Analog Front-End 
• Very Low Input Capacitance 
• Gain And Offset Internally Trimmed 
• Binary And Two's Complement Output Modes. 
• Zero-Scale And Full-Scale Output Flags 
• Operates From + 5V And - 5.2V Supplies 
• 1.6W Typical Power Dissipation 
• Hermetically Sealed 24 Pin Package 

OFFSET TDC1048 OUTPUT 01-8 
REGISTER 

REF 

RANGE 

Re 

NMINV 

NLINV 

TRW LSI Products Inc. 
P.O. Box 2472 
L3 Jolla, CA 92038 

VREF 

Phone: (6191 457-1000 
FAX: (6191 455-6314 

iiE 

CONV 

ZS 
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THCl068 

Pin Assignments 

REF 1 ~ ... 24 OFFSET · .. · 
RANGE 2 -::~ :') 23 "iN 

Re 3 · . .: C: 22 "6NO 
VEE 4 · . .: ("; 21 Aour 

NMINV 5 
... 

0 20 NLINV •a.• 

Vee 6 ·:) (i 19 CONV 
Fl 7 

... ::;. 18 DGNO ·.~· 

ii B ·:.:- :.::. 17 ZS 
01 IMSBI 9 ... ·::;. 16 Da llSBI · .. • 

02 10 .. {.": 15 Di 
03 11 C· C: 14 De 
04 12 ... , G· 13 Os 

24 Pin Hermetic Metal DIP .:.. S7 Package 

Functional Description 

General Information 

The THC1068 is a complete 8-bit AID converter hybrid 
in a 24 pin hermetically sealed package. The THC1068 
has tour functional sections: wideband input amplifier, 
reference circuitry, monolithic 8-bit flash converter and 
three-state output register. 

The wideband amplifier provides the current necessary to 
drive the input capacitance of the flash c-0nverter while 
translating the bipolar input to the unipolar range of the 
flash converter. The input amplifier has a gain of - 2 
and the stable reference needs no adjustment. The 
analog input voltage range is -0.5 to 0,5V but can be 
configured tor a 0 to + 1.0V range by shorting OFFSET 
to AGND· Likewise, the input can be configured tor a 
0 to -1.0V range by connecting the OFFSET pin to the 
REF pin. 

The converter portion of the THC1068 is a TDC1048 
monolithic 8-bit flash A/D converter. It is made up of a 
comparator array and encoding logic. The comparator 
array of the flash converter compares the analog signal 
from the input amplifier with 255 reference voltages to 
produce a thermometer code (those comparators 
referenced to voltages less than the analog input signal 
will be on and those referenced to voltages greater than 
the analog signal will be off). The encoding logic of the 
flash converter then converts the thermometer code into 
8 bits of binary data. The TDC1048 data sheet details 
the operation of the flash portion of the THC1068. 

192 

The three-state output register holds the output data 
between convert cycles and can be set into the high­
impedance state With the OE control pin. 

Power 

The THC1068 requires + 5 and - 5.2V for operation. 
Low-frequency decoupling capacitors of 10µF should 
be placed as close to the VEE and Vee pins as possible. 
High-frequency analog and digital power supply 
decoupling capacitors are included within the THC1068. 

For optimum performance, separate analog and digital 
ground pins are provided on the THC1Q68. Separate 
grounds should be maintained on the printed circuit 
board and connected together at the power supply 
terminals. However, the voltage difference between 
AGND and DGND must be within ±0.1V. It is 
recommended that provisions be made on the circuit 
board for shorting jumpers between analog and digital 
ground as close to the THC1068 as possible. Whether 
or not the jumpers are required will depend upon the 
printed circuit board layout and overall system 
performance. 

Reference 

A precision voltage reference is used for the flash 
converter reference as well as for DC level shifting. The 
REF pin can sink or source up to 2mA but is normally 
left unconnected. 

OFFSET and AQUT 

The THC1068 is designed for bipolar (±0.5V) input 
operation, but it can also be operated with unipolar 

. positive (0 to + 1V) and unipolar negative (0 to -1V) 
inputs. For bipolar input operation, the OFFSET pin must 
be unconnected. For unipolar positive operation, OFFSET 
is connected to AGND· For unipolar negative operation, 
OFFSET is connected to the REF pin. A 2 kOhm 
potentiometer can be connected between OFFSET. REF 
and AGND to vary the DC offset of the input amplifier, 
as shown in Figure 5. A .01 µ,F decqupling capacitor to 
AGND is located within the THC1068 on the OFFSET 
pin. 

The AouT pin allows monitoring the analog signal at 
the input to the flash converter and is normally left 
unconnected. It has a nominal series resistance of 470 
Ohms. 
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RANGE and Re 

The RANGE pin allows optional adjustment of the 
reference voltage !gain) of the flash converter and is 
normally left unconnected. For reference adjustment, a 
2 kOhm potentiometer can be connected between REF, 
RANGE and AGND as shown in Figure 5. The nominal 
input resistance of RANGE is 300 Ohms with 0.01 /LF 
decoupling to AGND· The Rs pin allows monitoring of 
thp f1 ilL~r:::do roforonro \lnlt:::ino tn thP fl:::ic.:h rnn\/Prtor 
~"'-' ......... --~·~ ·~·-·-··-- ·-··-~~- -- - ·- ··-·-·· -- - --
through a 4 70 Ohm series resistor. 

Convert 

The THC1068 requires a TTL clock iCONV) signal. The 
conversion occurs within the sampling time offset itsTOl 
of the rising edge of CONV. The result is transferred to 
the output of the flash converter on the next rising edge 
of CONV. Data for sample N is available at the output of 
the THC1068 to !Output Delay Time) after the rising 
edge of sample N + 2, and is shown in Figure 1. 

Analog Input 

The wideband input amplifier of the THC1068 provides 
the current necessary to drive the input capacitance of 
the flash converter. The amplifier provides a gain of - 2 
and has a nominal input impedance of 1000 Ohms. For 
lower impedances, a termination resistor should be 
added as close to the A1N pin as possible. The THC1068 
is capable of digitizing sinusoidal signals up to 10MHz. 
The input amplifier has pulse response as shown in the 
Typical Performance Curves, with a full-power 
bandwidth in excess of 20MHz. 

Output Controls 

The digital output of the THC1068 can be formatted 
with the NMINV and NLINV control pins. These pins are 
for D.C. !steady state) use and allow either straight binary 

TRW LSI Products Inc. 

or offset two's complement, in either true or inverted 
sense. The Output Coding Table shows the output 
formats possible with these pins. Note that in offset 
two's complement format, FS and ZS indicate midscale 
codes rather than full and zero-scale codes, as shown in 
the Output Coding Table. When ieft unconnected, 
internal pull-up resistors keep the outputs in true straight 
~inClrV form?~ 

The data outputs of the THC1068 can be set into the 
high-impedance state with the OE control pin. The 
outputs become high-impedance points within to1s after 
the OE is switched HIGH and likewise become valid 
within tENA after switching OE LOW 

Data 

The outputs of the THC1068 are TTL compatible, 
capable of driving 10 LS loads or their equivalent. New 
data becomes valid to after the rising edge of CONV. 

Output Flags 

The output flags of the THC1068 are not latched: they 
are active even when the data outputs are in the high­
impedance state. The FS !active LOW) flag indicates that 
the output bits of the flash converter are all HIGH. 
Likewise, the ZS !active HIGH) flag indicates that the 
output bits of the flash converter are all LOW. ZS and FS" 
represent zero-scale and full-scale anaiog inputs only 
when the output code is in the straight binary format 
The Output Coding Table shows the status of the 
output flags for various input voltages and output code 
formats. Note that the flags indicate the status of the 
flash converter output one clock cycle before it appears 
at the output pins of the THC1068. 
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Package Interconnections 

Signal Signal 
Type Name Function Value S7 Package Pins 

Power VEE Negative Supply Voltage -5.2V 4 

Vee Positive Supply Voltage +5.0V 6 

DGND Digital Ground o.ov 18 

AGND Analog Ground 0.0V 22 

Reference REF Reference Voltage Output 1.2V 1 

OFFSET, AouT OFFSET Input Range Offset Control 0.6V 24 

AouT Amplifier Output Monitor Point 0 to -2V 21 

RANGE, R9 RANGE Reference Gain Control 1.0V 2 

Rs Reference Voltage Monitor Point -2.08V 3 

Convert CONV Convert TTL 19 

Analog Input A1N Analog Input - 0.5 to + 0.5V 23 

Output Controls NMINV MSB Invert, Active LOW TTL 5 

NLINV All But MSB Invert, Active LOW TTL 20 

OE Output Enable, Active LOW TTL 8 

Data Dl MSB Output TTL 9 

Dz TTL 10 

D3 TTL 11 

D4 TTL 12 

D5 TTL 13 

D5 TTL 14 

D1 TTL 15 

D8 LSB Output TTL 16 

Output Flags FS Full-Scale Flag TTL 7 

ZS Zero-Scale Flag TTL 17 

Output Coding Table 

Binary Offset Two's Complement 

Step Midpoints True Inverted True Inverted 
1 LSB = 3.92mV NMINV=1 NMINV=O NMINV=O NMINV=1 

NLINV=1 NLINV=O NLINV=1 NLINV=D 

Dl. .. Ds FS ZS Dl ... D8 FS ZS Dl ... D8 FS ZS Dl. .. D8 FS ZS 

000 -0.5000V 00000000 1 1 11111111 0 0 10000000 1 0 01111111 1 0 

001 -0.4961V 00000001 1 0 11111110 1 0 10000001 1 0 01111110 1 0 . . . • • . . . . . . . . . • . . . 
126 -0.0059V 01111110 1 0 10000001 1 0 11111110 1 0 00000001 1 0 

127 -0.0020V 01111111 1 0 10000000 1 0 11111111 0 0 00000000 1 1 

128 +0.0020V 10000000 1 0 01111111 1 0 00000000 1 1 11111111 0 0 

129 +0.0059V 10000001 1 0 01111110 1 0 00000001 1 0 11111110 1 0 . . . . . . 
• . . • . . . • . • • . 

254 +0.4961V 11111110 1 0 00000001 1 0 01111110 1 0 10000001 1 0 

255 +0.5000V 11111111 0 0 00000000 1 1 01111111 1 0 10000000 1 0 
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Figure 1. Timing Diagram 

rs. zs OUTPUT [ XXXXXX W·_z~ XXXXXX W· zs XXXXXX ~s.,z~ )() 

f----1cF· 1cz-----I 

Figure 2. Analog Input Circuit 

2K 

Figure 3. Digital Input Circuits 

Vee --------------..---
Vee ___ ..... _ 

5K 

eONV 
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Figure 4. Digital Output Circuits 

------+--Vee 

45Q 

5KQ 

Figure 5. Connection of RANGE, REF and OFFSET 

ZKQ 
10-TURN 

REF 

RANGE 

THC1068 

ZKQ 
10-TURN 

Figure 6. Typical Interface Circuit 
THC106e 

NC 1 REF OFFSET Z4 NC 

NC Z RANGE A1N Z3 

NC 3 Re AGND zz 

-5.ZV 4 VEE Aour z1 NC 

10µF~+ NC 5 NMINV NLINY 20 NC 

+5Y 
+ 6 Yee CONY 19 

10µFif, NCl 1 F8 DGND 1e 

e iiE 25 17 NC 1 

9 Dl De 16 

10 Dz 07 15 

11 03 Du 14 

1Z 04 D5 13 

Note: 1. Output flags should be NC if not needed. 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltages 

Vee (measured to DGNDl .............................................................................................................................................. -0.5 to + 7.0V 

VEE (measured to AGNDl .............................................................................................................................................. + 0.5 to - 7.0V 

AGND (measured to DGNDl ........................................................................................................................................... -0.5 to +0.5V 

Input Voltages 2 

CONV, OE, NMINV, NLINV (measured to DGNDl ....................................................................................................... Vee to -0.5V 

A1N (measured to AGNDl ..................................................................................................................................................... VEE to Vee 

Outputs 

Digital outputs, applied voltage (measured to DGNDl ................................................................................................... -0.5 to Vee 

Digital outputs, applied current ..................................................................................................................................................... 50mA 

Short-circuit duration (single output to GND) ........................................................................................................................... Infinite 

Temperature 

Operating, case .............................................................................................................................................................. - 60 to + 140°C 

Lead, soldering (10 seconds) ..................................................................................................................................................... +300°C 

Storage ... ............ ....... ...................................... ............................. ............................... .................................................... - 65 to + 150°C 

1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
functional operation under any of these conditions 1s NOT implied Device performance and reliability are guaranteed only if the operating 
conditions are not exceeded. 

2. Applied voltage is current limited to specrfied range. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Nom Max Min Nom Max Units 

Vee Digital Supply Voltage (measured to DGNDI 4.50 5.0 5.50 4.50 5.0 5.50 v 
VEE Analog Supply Voltage (measured to AGNDI -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
AGND Analog Ground Voltage (measured to DGNDI -0.1 0.0 +0.1 -0.1 0.0 +0.1 v 

tPWL CONV Pulse Width, LOW 18 18 ns 

tpwH CONV Pulse Width, HIGH 22 22 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.2 2.2 v 
VIN Input Voltage Range, REF and OFFSET Open -0.5 +0.5 -0.5 +0.5 v 
TA Ambient Temperature, Still Air 0 + 70 oc 

Tc Case Temperature -55 + 125 oc 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1cc Digital Supply Current Vee= Max, Static I 170 170 mA 

IEE Analog Supply Current VEE= Max, Static! -370 -370 mA 

R1N Analog Input Resistance 970 1030 970 1030 Ohms 

C1N Analog Input Capacitance 5 5 pF 

11L Input Current, Logic LOW Vee= Max, V1N=0.4V 
NMINV, NLINV -3.3 -3.3 mA 

OE -0.8 -0.8 mA 

CONV -1.2 -1.2 mA 

l1H Input Current, Logic HIGH Vee= Max, V1N = 2.4V 
NMINV, NLINV -2.0 -2.0 mA 

OE +0.04 +0.04 mA 

CONV +0.1 +0.1 mA 

lozL Output Leakage Current, Logic LOWI ±50 ±50 µA 

lozH Output Leakage Current, Logic HIGHI ±50 ±50 µA 

las Short-Circuit Output Current Vee= Max, Output HIGH, one pin to 

ground, one second duration max. -200 -200 mA 

Vol Output Voltage, Logic LOW loL =2mA 0.4 0.4 v 
VoH Output Voltage, Logic HIGH loH=250µA 2.4 2.4 v 
VREF Reference Voltage + 1.138 + 1.302 +1.138 +1.302 v 
C1 Digital Input Capacitance TA=25°C, f=1MHz 15 15 pF 

Note: 1. Worst case. TIE= LOW. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate Vee- VEE= Min 
THC1068-1 25 25 Msps 

THC1068 20 20 Msps 

tsrn Sampling Time Offset Vee. VEE= Min -15 0 -15 0 ns 

to Digital Output Delay Vcc=Min 20 20 ns 

1ENA HIGH Impedance Enable Vcc=Min 24 24 ns 

101s HIGH Impedance Disable Vcc=Min 24 24 ns 

tcF Full-Scale Flag Delay Vcc=Min 55 55 ns 

tcz Zero-Scale Flag Delay Vcc=Min 100 100 ns 
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System performance characteristics within specified operating conditions 

Parameter 

Eu Linearity Error, Integral 

ELD Linearity Error, Differential 

Q Code Size 

+~- Trans!e~t Response, Fu!!-Sca!e ·1n 

BW Full Power Input Bandwidth 

SNR Signal-to-Noise Ratio 

RMS Signal/RMS Noise 

EAP Aperture Error 

DP Differential Phase 

DG Differential Gain 

Typical Performance Curves 

A. Power Supply Current vs. Temperature 

116 

~ 114 
.... 112 

I 13 110 

>- 108 

t 106 
iil 
.... 104 
~ 

102 

100 

Test Conditions 

lOMHz Bandwidth, 

Fs=20Msps 
1.248MHz Input 
2.438MHz Input 

Fs = 4 x NTSC Subcarrier 

Fs = 4 x NTSC Subcarrier 

-188 

~ -195 

- -210 

~ -225 

8 -240 

~ -255 

iil -270 

Ji -285 

-300 

Temperature Range 

Standard Extended 
Min Max Min Max 

0.2 0.2 

0.2 0.2 

15 185 15 185 

2Q 2(! 

10 10 

41 41 

40 40 

60 60 

1.0 1.0 

2.0 2.0 

-~··· ,,, .. 

Units 

% 
% 

% Nominal 

no 

MHz 

dB 
dB 

ps 

Degree 

% 

-55° -25° 0° z5° so0 15° 100° 125° -55° -25° 0° 25° 50° 75° 100° 125° 

CASE TEMPERATURE l°C) CASE TEMPERATURE (0 C) 

B. SNR vs. Analog Input Frequency C. Input Amplifier's Pulse Response 

Fs = 25MSPS 
iii 50t-:s 
oc z en 

40 I-
i -
z 
en 30 I-
:::; 
oc 
:;;, .. 20 I-z 
S!! en 
en 
:::; 10 t-oc 
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Evaluation Board 

The THC1068E1 C is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THC1068 AID 
converter. The board dimensions are 100mm x 160mm 
with a standard 64 pin double-row DIN male connector 
installed. A complementary 64 pin double-row DIN 
female connector is included with the board. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The circuitry on the board includes all 
power supply decoupling required for the THC10.68, and 
a TDC1012 12-bit D/A converter which may be used in 
evaluating certain parameters of the THC1068. 

The board is calibrated and tested at the factory and is 
supplied complete with THC1068 and TDC1012 installed. 

Power and Ground 

Two power supply voltages are required for the operation 
of the THC1068E1 C: Vee=+ 5V and VEE= - 5.2V. All 
power inputs are decoupled to a single solid ground 
plane, GND. All GND pins of the board are connected to 
the ground plane and it is recommended that all GND 
pins be used. 

A/D Converter Inputs 

The clock to the THC1068, CONV, is brought onto the 
board by way of edge connector pin 82. A 51. m 
resistor, R13 may be installed on the board for 
terminating 50!1 clock signals. The DIP switch controls 
OE, NLINV, NMINV and the GAIN and OFFSET 
adjustment potentiometers. OE, NLINV and NMINV are 
pulled to a logic HIGH when their corresponding switch 
is open. 

200 

The analog signal input to the THC1068, A1N is brought 
onto the board through the SMA connector labeled 
"A1N" near pin 23 of the THC1068. A terminating 
resistor, R14, is included on the board for terminating the 
analog input signal cable. 

A/D Converter Data Outputs and D/A Converter 
Data Inputs 

The eight data outputs of the THC1068 are brought to 
edge connector pins 813 through 821 (excluding 818). 
These pins are located directly across the edge connector 
from the corresponding data inputs of the TDC1012 D/A 
converter to simplify connection of AID outputs to D/A 
inputs. 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled "CLK" 
near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge 
connector pin 824. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge connector 
pins 828 and 827. Load resistors of 51. m are provided 
on the board to source-terminate a 50!1 cable connected 
to the boa rd. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0V as 
part of the factory test and calibration procedure. 

Removing the jumper in the location labeled "FT" will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 signal 
reconstruction. 

TRW LSI Products Inc. 
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THC1068E1C Silkscreen Layout 

D/A CONUERTER 

D•D ··~·· THC1068E1C 
TRW LSI Products Inc. 

A/D CONUERTER 

en 

BOARD 40X05903 REU. B 

THC1068E1C Component Side Layout 
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THC1068E1C Circuit Side Layout 

• • 

• • 
THC1068E1C Eurocard Edge Connector Pinout Mating Connectors for THC1068E1C 

GND A32 832 V- (-15V) AMP 532507-2 Wire-wrap 
GND A31 831 V+ (+15V) AMP 532507-1 Solder tail GND A30 830 NC 
GND A29 829 NC Robinson-Nugent RN E-64BS-W-TG30 Wire-wrap 
GND A28 828 D/A OUT+ Robinson-Nugent RNE-64BS-S-TG30 Solder tail GND A27 827 D/A OUT-
GND A26 826 NC Souriau 8609-264-6115-7550E1 Wire-wrap 
GND A25 825 NC Sburiau 8609-264-6114-7550E1 Solder tail GND A24 824 D/A CLK 

Souriau 8609-264-6813-7550E1 Solder tail, GND A23 823 NC 
GNO A22 822 NC right-angle 

D/A 01 MS8 A21 821 A/D 01 MS8 bend D/A D2 A20 820 A/D 02 
D/A 03 A19 819 AID 03 

GND A18 818 vcc !+5Vl 
D/A 04 A17 817 A/D 04 
D/A 05 A16 816 AID 05 
D/A 05 A15 815 A/D 05 
D/A 07 A14 814 A/D 07 
D/A Ds A13 813 AID Ds LS8 

NC A12 812 NC 
NC A11 811 NC 
NC A10 810 NC 
NC A9 89 NC 
NC AB 88 NC 
NC A7 87 NC 
NC A6 86 NC 
NC A5 85 NC 

GND A4 84 NC 
GND A3 83 NC 
GND A2 82 A/D CONV 
GND A1 81 VEE (-5.2V) 
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Figure 7. THC1068E1C AID Converter Schematic Diagram 
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THC1068 ··~·· 
Figure 8. THC1068E1C D/A Converter Schematic Diagram 
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Ordering Information 

Product Temperature Range Screening Package1 Package 
Number Marking 

THC1068S7C STD-TA=0°C to 10°c Commercial 24 Pin Hermetic Metal DIP 1068S7C 

THC1068S7C1 STD-TA=0°C to 70°C Commercial 24 Pin Hermetic Metal DIP 1068S7C1 

THC1068S7V EXT-Tc= -55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V 

THC1068S7V1 EXT-Tc= -55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V1 

T1.Jr1 11" "Tn T. _nor +n -,nor c .................... ....1 c ............ + or 0 .......... ..1 
1..UIUUQ1u •Vllllal ~ V IJUC:hU 

TUf""'1na CH'" 
111v1vu8L..1v 

Note: 1. V-grade will only be shipped in military packages. 
C-grade will be shipped in commercial packages as available 

All parameters in this spec1ficat1on are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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THC1069 

Complete High-Speed AID Converter 
9-Bit, 37 Msps 
The TRW THC1069 is a complete analog-to-digital 
converter that combines all the circuitry required to convert 
high-speed analog signals into 9-bit digital data at iates up 
to 37 Msps (Megasamples per second). The THC1069 
comprises a wideband input amplifier stage, stable voltage 
references. 9-bit flash ND converter. and output data 
register which makes the THC1069 very easy to use. The 
THC1069 offers precision gain, linearity, offset, and 
outstanding high-speed dynamic performance. 

The THC1069 is housed in a 32-pin hermetic package 
with guaranteed performance over the industrial (-25 to 
85°C) or military (-55 to 125°C) case temperature ranges. 
Military THC1069s are manufactured in compliance 
with MIL-STD-883C in facilities certified and qualified 
to MIL-STD-1772. 

Functional Block Diagram 

--~·-· 
··~·· 

Features: 

• 37 Msps Conversion Rate. Guaranteed -
• Guaranteed Performance Over All Operating Conditions 
• Complete Analog Front-End 
• Requires Only +5 And -5.2 Volt Power Supplies 
• ±0.5 Volt Input Range 
• Input Capacitance Less Than 1 OpF 
• Range And Offset Externally Adjustable 
• Outstanding Overload Recovery 
• ECL Compatible 
• Overflow Output Flag 
• Industrial Or Military Temperature Range 
• 32-Pin Hermetic Package 

Aour..._--+----------+--~ 

ARTN >--.1\/\/\,......ji----~ 

A1N >---+--------t 

VREF ..._--+-----------1 

OFFSET ...-----------1 
RANGE >----1---------1 

470'2 
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TDC1049 

ViiEF 

CONV >---1----------------1 
CONV >---+---------------+-I 

OGND~ 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone: (619) 457-1000 
FAX: (619)455-6314 
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THC1069 

Applications 

• Broadcast And Studio Video 
• Medical Imaging 
• Magnetic Resonance Signal Acquisition 
• Radar 
• Digital Oscilloscopes 
• Spectrum Analysis 

Pin Assignments 

VccA 0 0 32 ARTN 
AGNO 0 0 31 A1N 

VREF 3 0 0 30 Ao FF 
OFFSET 4 0 0 29 VEEA 
RANGE 0 0 28 AGNO 

DNC 0 0 27 VEEA 
A our 0 0 26 VEEO 
VEEO 0 0 25 01(MSB) 
CONV 9 0 0 24 02 
CONV 10 0 0 23 03 
0GNO 11 0 0 22 04 
0GNO 12 0 0 21 05 

OVF 13 0 0 20 05 
OVFR 14 0 0 19 07 
ONC 15 0 0 18 Os 
ONC 16 0 0 17 09 (LSB) 

21557A 

32 Pin Hermetic Metal DIP- S5 Package 

Functional Description 

General Information 

The THC1069 is a complete 9-bit A/D converter in a 
hermetically sealed 32-pin package. It has four major 
functional sections: Wideband input amplifier stage, 
voltage reference generator, monolithic 9-bit flash A/D 
converter, and output data register. AID converter gain, 
offset, and linearity are calibrated at the factory. 
Conversion is initiated (i.e .. the analog input signal is 
sampled) by the rising edge of the clock (CONV) signal. 
Data corresponding to that sample is available three clock 
cycles later as shown on the Timing Diagram. 

Power 

The THC1069 requires +5 and -5.2 Volts for operation. 
VCCA (the positive analog power supply voltage) powers 

208 
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analog front-end and reference circuitry on the THC1069. 
VccA should be decoupled to analog ground as shown in 
the Typical Interface Circuit. The two negative power 
supply voltages lVEEA and VEEO) may come from the same 
power source but should be separately decoupled 
to reduce power supply noise. Decoupling capacitors of 
1 OµF and 0.1 µF should be placed as close to the power 
pins of the THC1069 as possible. Small value (0.01 µF) 
decoupling capacitors are inside the THC1069 on each 
power supply input. 

Analog and digital grounds (AGND and DGND) are isolated 
from each other inside the THC1069 to minimize crosstalk 
and achieve optimum performance. It is recommended 
that the THC1069 be mounted on printed circuit boards 
with one solid ground plane used for all ground pins. 
Analog and digital grounds may be kept separate if 
required by the system grounding plan; however, the 
voltage difference between AGND and DGND must be 
kept LOW (within ±0.1 Volt) and noise at the analog 
input, A1N. referred to AGND must be kept as small as 
possible in order to realize optimum performance. 

Reference 

A precision voltage reference is generated within the 
THC1069. The VREF output has a nominal voltage of -2.0 
Volts and can be used to drive external circuitry that may 
require a stable voltage reference. A potentiometer 
connected between VREF and AGND with its wiper 
connected to AQFF provides a stable method of adjusting 
input offset voltage of the THC1069. Any external loading 
on the VREF output should be limited to 5 milliamps. 

Analog Input 

The input amplifier of the THC1069 has a non-inverting 
gain of two. When the AQFF input is connected to the 
OFFSET output, the input amplifier is offset so that its 
output swings from 0.0 to -2.0 Volts, matching the input 
range requirements of the internal 9-bit flash A/D 
converter. 

ARTN is the ground reference point for the analog input 
stage and voltage reference generator. It should be 
connected to a low-noise ground point. The input 
impedance of the THC1069 is 1 kn from A1N to AGND­
For impedance matching and lower noise in all 
applications, a termination resistor or low-impedance 
driver should be located as close to the A1N pin as 
possible. 
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Offset Adjustment 

The THC1069 is designed for, and its performance 
guaranteed for, the ±0.5 Volt input range. This input range 
results when AQFF is connected to OFFSET. A 1 or 10k!l 
potentiometer connected between VREF and AGND with its 
wiper connected to AQFF will provide a variable DC offset. 
Decoupling capacitors of 0.1 and 0.01 µF should be 
connected from AQFF to ARTN to reduce noise injection 
into the THC1069. Both unipolar positive (0.0to+1.0 Volts) 
and unipolar negative (0.0 to -1.0 Volts) input ranges are 
possible by varying the DC voltage applied to Aoff. 

The AQFF pin is a high-impedance offset adjustment point 
for the THC1069. This input is connected directly to a 
wideband amplifier and may be varied at high rates and 
even used as an alternate analog signal input. Care must 
be taken (by proper decoupling) in applications where this 
pin is used for DC offset control to prevent high-frequency 
noise from being introduced into the THC1069. The voltage 
present at the AQFF pin is amplified with a gain of -2. 

Analog Output 

The AQUT pin allows monitoring of the 0.0 to -2.0 Volt 
analog signal at the flash converter input and is normally 
left unconnected. AQUT is isolated from the flash ND 
converter input with a series resistor of 470!l. 

TRW LSI Produels Inc. 
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The THC1069 requires a differential ECL clock signal, 
CONV and CONV. The analog signal is sampled at tsrn 
(Sampling Time Offset) after the rising edge of CONV. The 
nine data and two overflow digital outputs are synchronous 
with respect to the rising edge of CONV. Data for sample 
N becomes valid to after the rising edge of the N+2 CONV 
pulse and remains valid until tHQ after the rising edge of l."-
CONV N+3 as shown on the Timing Diagram. ~ 

Data Outputs 

The data and overflow outputs of the THC1069 are ECL­
compatible and their operation is synchronous with respect 
to CONV. The overflow flags, OVFR and OVF, originates 
from the internal flash ND converter of the THC1069. It 
is synchronous with respect to CONV. OVF goes HIGH 
whenever the voltage at the input of the THC 1069 exceeds 
the most positive full-scale value. OVFR is a registered 
OVF signal and emerges from the THC1069 one CONV cycle 
after OVF. 

Do Not Connect 

DNC (Do Not Connect) pins are connected to internal test 
points used in the factory calibration of the THC1069. 
These pins should be left unconnected. 
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THC1069 -~·-· ,,,.., 
Package Interconnections 

Signal Signal 
Type Name Function Value Pin 

Power, Ground vccA Positive Analog Supply +5.0V 1 

VEEA Negative Analog Supply -5.2V 27, 29 

VEED Negative Digital Supply -5.2V 8, 26 

AGND Analog Ground o.ov 2, 28 

DGND Digital Ground o.ov 11, 12 

Analog Inputs A1N Analog Signal Input ±0.5V 31 

ARTN Analog Input Return o.ov 32 

AOFF Input Offset Control text 30 

RANGE Range Adjust open 5 

Analog Outputs VREF Reference Output -2.0V 3 

A our Amplifier Monitor Point 0 to -2V 7 

OFFSET Divider output +1.0V 4 

Digital Inputs CDNV Convert ECL 10 

CONV Convert complement ECL 9 

Digital Outputs OVF Overflow Flag EGL 13 

OVFR Registered Overflow Flag EGL 14 

D1 (MSB) Most Significant Bit EGL 25 

D2 EGL 24 

D3 EGL 23 

D4 EGL 22 

D5 EGL 21 

D5 EGL 20 

D1 ECL 19 

08 ECL 18 

D9 (LSB) Least Significant Bit ECL 17 

Not Used DNC Do Not Connect Open 6, 15, 16 

Figure 1. Timing Diagram 

~J_ •1c: 1 PWH~ 1PWL~ 
CONV --,1,--- F~-----, ,1,----,1.----
CONV \ - - - - -' '-----' 

2155BA 
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Figure 2. Equivalent VBEF Input Circuit 
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Figure 4. Equivalent Output Circuits 
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Figure 3. Equivalent Digital Input Circuit 

CONV CONV 

cp Oii 
VEED 21560A 

Output Coding 

Input Dt ... Dto. OVF, OVFR 
Voltage MSB LSB 

>0.500V 0 0000 0000 

+0.500V 0 0000 0000 0 

+0.498V 0 0000 0001 0 

+0.496V 0 0000 0010 0 

+0.004V 111111110 0 

+0.002V 111111111 0 
o.ooov 0 0000 0000 0 

-0.002V 0 0000 0001 0 
-0.004V 0 0000 0010 0 

-0.496V 111111101 0 
-0.498V 111111110 0 
-0.500V 111111111 

<-0.5V 111111111 

Notes: 1. Input range=±() 5 Volts. 
2. Voltages measured at code centers. 
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Absolute maximum ratings (beyond which the device may be damaged)1 

Supply Voltages 
VccA I Measured to AGND) .................................................................................................................................................. -0.5 to +7.0V 

VEEA (Measured to AGND) ................................................................................................................................................... +0.5 to -7.0V 

VEED (Measured to DGNO) ................................................................................................................................................... +0.5 to -7.0V 

AGND, ARTN (Measured to DGND) ..................................................................................................................................... -0.5 to +0.5V 

Input Voltages2 

CONV, CONV (Measured to DGND) ................................................................................................................................. DGND to VEED 

A1N (Measured to AGND) .................................................................................................................................................. VEEA to VCCA 

AofF, RANGE (Measured to AGND) ................................................................................................................................. VEEA to VCCA 

Outputs2.3 

Digital Outputs, Applied Voltage (Measured to DG ND) .................................................................................................. +0.5 to VEED 

Digital Outputs, Applied Current, Externally Forced ....................................................................................................................... 50mA 

Short-Circuit Duration I Single Output to DGND) ..................................................................................................................... Unlimited 

Temperature 

Operating, Case ..................................................................................................................................................................... -60 to + 135°C 

Lead, Soldering 110 Seconds) ......................................................................................................................................................... +300°C 

Storage ................................................................................................................................................................................... -65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied Device performance and reliability are guaranteed only if Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

Operating conditions 

Temperature Range 

Industrial Military 
Parameter Min Norn Max Min Norn Max Units 

vccA Positive Analog Supply Voltage 4.5 5.0 5.5 4.5 5.0 5.5 v 

(Measured to AGND) 

VEEA Negative Analog Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 

(Measured to AGND) 

VEED Negative Digital Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 

AGND,ARTN Analog Ground Voltage -0.1 0.0 0.1 -0.1 0.0 0.1 v 

(Measured to DGND) 

lPWL CONV Pulse Width LOW 12 12 ns 

tPWH CONV Pulse Width HIGH 15 15 ns 

V1L CONV, CONV Input Voltage -1.52 -1.52 v 

V1H CONV, CONV Input Voltage -0.99 -0.99 v 

VRANGE Voltage on Pin 5, No Load 1.8 2.0 2.2 1.8 2.0 2.2 v 

Tc Case Temperature -25 85 -55 125 oc 

212 TRW LSI Products Inc. 



THC1069 

Electrical characteristics within specified operating conditions 

Parameter 

ice Positive Supply Current 

IEEA + IEED Negative Supply Current 

R1N Analog Input Resistance 

c~~~ ~~ak!Q ll'"!put Capac~ta~ce 

l1L Input Current, Logic LOW 

l1H Input Current, Logic HIGH 

VOL Output Voltage, Logic LOW 

VoH Output Voltage, Logic HIGH 

VREF 2.5V Reference Output Voltage 

V1.ov OUT 1.0V Output Voltage 

C1 Digital Input Capacitance 

Note: 1. Standard 10kH ECL test load: 1000 to -2.0V 

2. ECL Test load 5000 to -2.0V 

Conditions 

Vee= Max1 

VEEA. VEED = Max 

VEED =Max, V1N = -1.7V 

VEED =Max, V1N = -0.7V 

OVFR and D1-9 Outputs1 

OVF Output2 

OVFR and D1-9 Outputs1 

OVF Output2 

TA= 25°C 

TA= 25°C, f = 1 MHz 

Switching characteristics within specified operating conditions 

Tem..J!.erature Range 

Industrial Milita~ 

Min Max Min Max 

90 95 

-1030 -1095 

980 1020 980 1020 

5.5 5.5 

0.7 0.9 

0.75 0.95 

-1.575 -1.575 

-1.6 -1.5 

-0.89 -0.89 

-0.95 -1.1 

2.49 2.51 2.44 2.56 

0.99 1.01 0.99 1.01 

20 20 

Temperature Range 

Industrial Military 
Parameter Conditions Min Max Min Max 

Fs Maximum Conversion Rate 37 37 

ts TO Sampling Time Offset -4.5 0.6 -4.5 0.6 

too Digital Output Delay1 ,2 10 10 

tDOVF OVF Output Delay3 27 27 

tHO Output Hold Time1.2 5 5 

Note: 1. Standard 10kH ECL test load: 1000 to -2.0V 

2. OVFR and 01-9 outputs 

3. OVF output, standard ECL test load: 5000 to -2.0V 

TRW LSI Products Inc. 

Units 

mA 

mA 

Ohms 

pF 

mA 

mA 

v 

v 

v 

v 

v 

v 

pF 

Units 

MSPS 

ns 

ns 

ns 

ns 
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System performance characteristics within specified operating conditions 

Parameter Conditions 

Eu Linearity Error, Integral 

ELD Linearity Error, Differential 

trR Transient Response Full-Scale 

toR Overload Recovery Time 100% Overange 

BWFS -3 dB Bandwidth V1N =Full-Scale 

Bwss -3 dB Bandwidth V1N = -20dB 

SNR Signal-to-Noise Ratio, flN = 1.0MHz 

flN = 5.0MHz 
flN = 10.0MHz 

THO Total Harmonic Distortion flN = 1.0MHz 

flN = 5.0MHz 

flN = 10.0MHz 

SINAD Signal-to-Noise and Distortion flN = 1.0MHz 

flN = 5.0MHz 

f1N = 10.0MHz 

EAP Aperture Error 

DP Differential Phase ts= 14.3 MHz 
DG Differential Gain ts= 14.3 MHz 

Typical Interface Circuit 

The THC1069 has a user-adjustable reference voltages. 
This reference voltage is laser-trimmed during the 
manufacturing process to optimize DC performance 
and may be adjusted by an external potentiometer. The 
external 1 OkQ potentiometer, connected between VREF 
and AGND with wiper driving the RANGE pin, varies the 
reference voltage to the internal A/D converter. The effect 
is a change in the A/D converter "gain." 

Should the system design require a signal gain adjustment, 
a 200Q variable resistor in series with the input signal may 
be used. When the 200Q potentiometer is centered, the 
attenuation is approximately-0.8dB and an adjustment 
range of ±0.8 dB is available. This corresponds to a ±10% 
adjustment range for gain. With RT= 52.4Q, the total 
terminating impedance varies from 49.8 to 50.2Q as the 
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Temperature Range 

Industrial Militanr_ 
Min Typ Max Min Typ Max Units 

0.075 0.15 0.075 0.15 % 
0.06 0.1 0.06 0.1 % 

50 65 50 65 ns 
40 55 40 55 ns 

50 75 50 75 MHz 

60 85 60 85 MHz 

53 54 52 54 dB 

52.5 53.5 51.5 53.5 dB 
52 53 51 53 dB 

-58 -51 -58 -51 dBc 

-48 -46 -48 --44 dBc 

-44 -41 --44 -39.5 dBc 

49 52 49 52 dB 
45 47.5 43 47.5 dB 

40.5 43 39 43 dB 

50 50 ps 

0.3 0.5 0.3 0 

1.0 1.5 1.0 % 

potentiometer is varied from one end to the other. With 
RT= 80.5Q, the total terminating impedance varies from 
74.5 to 75.4Q as the potentiometer is varied from one end 
to the other. If an amplifier drives the THC1069 instead of 
a coaxial cable, no RT is required. Both methods of gain 
adjustment are shown in the Typical Interface Circuit. 

Offset adjustment is also illustrated in the Typical Interface 
circuit. Here, a 1 OkQ potentiometer connected between 
VREF and AGND with wiper driving the AQFF pin gives 
±1 Volt of offset adjustment range. 

Careful attention should be paid to power supply 
decoupling as shown. The use of ferrite beads to aid 
power supply noise rejection is optional. 

TRW LSI Products Inc. 
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Typical Interface Circuit 

Vee A 
---~ --- A1N OVF 

!!VfR 

ARTN 01-9 0 1-9 
THC1069 

VREF AGND 

Ao FF 

DGND 

RANGE 

io.1 i.01 

CONV CONV 
CONV 

CONV 

-5.2V >-----------------' 21562A 

Evaluation Board 

The TH el 069E1 C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of, the THC1069 A/D converter. The 
board dimensions are 1 OOmm x 160mm with a standard 
64-pin double-row DIN male connector installed. A 
complementary 64-pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes the THC1069 A/D converter, a rne1112 12-bit 
D/ A converter, provision for an optional THe4940 Track/ 
Hold amplifier and timing generator for generation to the 
Track/Hold pulse for the THe4940. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with TH el 069, rne1112 
and timing generator components installed. 

TRW LSI Products Inc. 

Power and Ground 

Only two power supply voltages are required for the 
operation of the THe1069E1 e when no Track/Hold is used: 
Vee= +5, VEE= -5.2 Volts. When the optional THe4940 
is installed, two additional power supplies are required: 
V+ = + 15 and V- = -15 Volts. Al I power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

AID Converter Inputs 

The clocks to the THe1069, eONV and eONV come from 
the timing generator section of the board. The input to 
the timing generator is normally brought onto the board 
through the SMA connector labeled "eONV." By installing 
jumper J1, differential eONV and eONV signals are 
routed through the edge connector on pins A2 and B2. 
Terminating resistors, R32 and R33 are installed on the 
board for terminating the single-ended eONV SMA input. 
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Terminating resistors, R27, R28 and R29 are installed on 
the board for terminating the differential CONV inputs from 
the edge-connector. The timing generator provides proper 
levels and pulse widths to both the THC1069 A/D converter 
and the optional THC4940 Track/Hold amplifier. 

The analog signal input to the THC1069E1 C is brought onto 
the board by way of the SMA connector labeled ''A/D 
AIN·" A terminating resistor, R19, is included on the board 
for terminating the analog input signal cable. 

The AOUT SMA location allow monitoring of the analog 
signal within the THC1069 just prior to the internal flash 
A/D converter. The gain and offset of the THC1069 can be 
adjusted by turning all three DIP switches to their ON 
position and using the GAIN and OFFSET potentiometers, 
R47 and R48. 

AID Converter Data Outputs and D/A 
Converter Data Inputs 

The nine data outputs of the THC1069 are brought to edge­
connector pins 83 through 811. These pins are located 
directly across the edge-connector from the corresponding 
data inputs of the TDC1112 0/ A converter. 

D/A Converter Inputs 

The clock to the TDC1112, CLK, is normally brought onto 
the board through an SMA connector labeled ''CLK" near 
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pin 16 of the TDC1112. The clock input to the TDC1112 is 
also brought to the edge-connector pin 824. Resistors, R7 
and RS, provide a Thevenin equivalent 130Q termination 
for the CONV signal. R5 and R6 bias the CONV input to the 
TDC1112 near the ECL threshold level. 

D/ A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge-connector pins 
827 and 826. Load resistors of 51.1Q are provided on the 
board to facilitate 50Q cable connection to the board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1112. This voltage is adjusted to -1.0V as part 
of the factory test and calibration procedure. 

Placing a jumper in the location labeled "FT" will put the 
TDC1112 into feedthru (unclocked) mode. This eliminates 
the requirement for a D/A clock signal, but will degrade the 
fidelity of the TDC1112 reconstruction signal. 

THC4940 Track/Hold Amplifier Option 

A THC4940 may be added to the THC1069E1 C just prior to 
the THC1069 A/D converter. When the THC4940 is used, 
+ 15 and -15 Volt power supplies are required on edge­
connector pins 828 and 832 respectively. The analog 
signal input is connected to the SMA labeled "T/H AIN" 
which has a terminating resistor R22. When the THC4940 
is used, terminating resistor R19 should be removed. 

TRW LSI Products Inc. 
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THC1069E1C Silkscreen Layout 

THC1069E1C 

CD a: 
"' 

1189 

TOP SILKSCREEN 
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THC1069E1C AID Converter Schematic Diagram 

51pf 

EDGE CONNECTOR v -5.2 

828 >---+ + 15 2 R37 R38 ZOOQ 510 510 

832 >---+ -15 

832)---+ +5 
4 
R 

10KH131 

A1,A12-A32. ~ 
U5B 

81,817, 821 Q CE cc D 
2 9 

814, 819 >---+ -5.2 NC NC 

T/H "LO" "LO" 

A3-A11, 812, 813, 
815, 816, 818, 820, = NO CONNECT JUMPER WIRE HOLES 822, 825, 829, 831 

14 

FT 

5 8 

AGND DGND -5.2 
811 D1MSB FT 

BIO Dz OUT+ 

89 D3 
R3 
51.1 

88 D4 

87 D5 RI 

86 De 
51.1 

OUT- 7 

85 D1 

84 Da CONY 16 

83 D9 CONY 
15 

D1o REF+ 
20 

3 
D11 

4 
D1zLSB 

REF- 19 

COMP 21 

R14 VEE VEE 
4.75K 18 22 

C2 C4 

10 ~ .1~ 
-5.2 

218 

5 
s 

ii 
3 

AID 

Cl 
.I 

DI 
LT1004CH 
1.2 

AZ 

R& RB 
110 221 

R7 
332 

-52 

-5.2 

Ul= IOKH116 
U4 = IOKH104 
U5 = IOKH191 

IN4148 
12 9 
13 U4C 15 

R41 R42 R40 
510 510 510 

1K 

826 

827 
-52 

824 

f CLK 

823 

TRW LSI Products Inc. 



THC1069 

116 

13 R GND 
NC Q 15 

12 s NC 
10 D USA 

NC Q 14 
11 CEL NC 

Vee 

C28~ 

+ 15 

AGU~ + 

R21 
130 

R26 
200 

-5.2 

R25 
33 

C20 
2.2 

C21 
.01 

~ ............ 2 ..... ~_1..._ ..... 1.1 ...... 16__, 
.01 +"cc1 TRACK HOLD +"cc2 +Vee 

C19 
.01 

SPRAGUE 

NC 

NC 

+5 

1 2 

VccA AGND 
10 CONV D1 MSB 25 

9 CONV 24 
Dz 

D3 
23 

D4 
22 

THC1069 
21 

Ds 

D5 
20 

D1 
19 

De 
18 

DgLSB 
17 "OFFSET" "GAIN" 

DGND 
11 

DGND 

OVF 
13 

OVFR 
14 Vour~1~5~--'\J\/\,.---0J~....-~~~~~~~"'"""'"l 

INi 
8 VIN U2 

THC4940 

R22 
51.1 

-"cc1 GND 
3 4,5 10,11 

C14 
.01 

-Vccz -"cc 

12 14 

C16 
.01 

R23 
200 

SPRAGUE 
-154---+-~~~~~-+-~---' 

C18 

~ 
R24 
33 

TRW LSI Products Inc. 

R19 
51.1 

i i 

VEED 

i 
-5.2 

A our 
7 

Res 
6 

VEEA 

i i 

-~·-· · ·~.,., 

()I 

R17 
220 

811 

810 

89 

BB 

87 

86 

85 

84 

83 

-5.2 

OVF 

OVFR 

RBS 
~AOUT 

C11 
.1 

i 

219 



THC1069 ·~·· 
Evaluation Board Pin Assignments Mating Connectors for THC1069E1 C 

GND A32 B32 Vee (+5Vl AMP 532507-2 Wire-wrap 

GND A31 B31 N/e AMP 532507-1 Solder tail 

GND A30 B30 V-(-15V) 
Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 

GND A29 B29 N/e Robinson-Nugent RN E-64BS.-S-TG30 Solder tail 
GND A2B B2B V+(+15V) 

GND A27 B27 D/A OUT- Souriau B609-264-6115-7550E1 Wire-wrap 

GND A26 B26 D/A OUT+ Souriau B609-264-6114-7550E1 Solder tail 

GND A25 B25 N/e Souriau B609-264-6B13-7550E1 Solder tail, 

GND A24 B24 D/A eONV right-angle bend 

GND A23 B23 D/A eONV 

GND A22 B22 N/e 

GND A21 B21 GND 

GND A20 B20 N/e 
GND A19 B19 VEE (-5.2V) 

GND AlB BlB N/e 
GND A17 B17 GND 
-GND A16 B16 N/e 
GND A.15 B15 N/e 
GND A14 814 VEE (-5.2V) 
GND A13 B13 N/e 
GND A12 B12 N/e 

D/AD1 MSB All B11 AID D1 MSB 
D/AD2 A10 B10 AID D2 
D/A D3 A9 B9 AID D3 
D/A D4 AB BB AID D4 
D/A D5 A7 B7 AID D5 
D/A D6 A6 B6 AID D5 
D/AD7 A5 B5 AID D7 
D/A DB A4 B4 AID DB 

D/A DB LSB A3 B3 AID D9 LSB 
AID eONV A2 B2 AID eONV 

GND Al Bl GND 
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THC1069E1C circuit side la yout 

TRW LSI Products Inc. 
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Ordering lnfonnation 
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Product Package 
Number Temperature Range Screening Package Marking 

THC1069S5B IND - Tc = -25°C to 85°C Industrial 32 Pin Metal DIP THC1069S5B 
THC1069S5V EXT-Tc= -55°C to 125°C MIL-STD-883 32 Pin Metal DIP THC1069S5V 

THC1069E1C STD - TA= 0°C to 70°C - Eurocard PC Board THC1069E1C 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc.; or others. 

Lile Support Policy 

TRW LSI Products lnc .. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. · 

TRWLSI Products Inc. 
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Complete High-Speed AID Converter 
10-Bit, 25 Msps 
The TRW THC1070 is a complete analog-to-digital 
converter that combines all the circuitry required to convert 
high-speed ana!cg s:gna!s :ntc 10-bit djg:ta! data at rates 
up to 25 Msps (Megasamples per second). The THC1070 
comprises a wideband input amplifier stage, voltage 
references, and 10-bit flash A/D converter, which make the 
THC1070 very easy to use. The THC1070 offers precision 
gain, linearity and offset performance. 

The THC1070 is housed in a 32-pin hermetic package with 
guaranteed performance over the industrial (-25 to 85°C) 
or military (-55 to 125°C) case temperature ranges. 
Military THC1070s are manufactured in compliance with 
MIL-STD-883C in facilities certified and qualified to 
MIL-STD-1772. 

Features: 

• 20 Msps Conversion Rate, Guaranteed 
• Guaranteed Performance Over All Operating Conditions 
• Complete Analog Front-End 
• Requires Only +5 And -5.2 Volt Power Supplies 
• ±0.5 Volt Input Range 
• Input Capacitance Less Than 5.5pF 
• Offset Externally Adjustable 
• Outstanding Overload Recovery 
• TTL Compatible 
• Overflow Output Flag 
• Industrial Or Military Temperature Range 
• 32-Pin Hermetic Package 

... ~·-· ...... 
Applications 

• Broadcast And Studio Video G)ll 
• Medical Imaging 
• Magnetic Resonance Signal Acquisition 
• Radar 
• Digital Oscilloscopes 
• Spectrum Analysis 

Functional Block Diagram 

VccA Vcco 

Aour ---------1-'\<N\r-I 
~Nr-~-r-~~lif+":>~-+f 

VREF+ 4----1----~-r--i-W 

VREF· ~--t------1--L=-t ....... L__ _ _.--------,.- OVF 

NMINV >--------+-----' 
CONV >-------+------' 
DGND >-+ 

21380A 
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P.O. Box 2472 

Phone: 1619) 457· 1000 
FAX 1619) 455·6314 
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Pin Assignments 

DNC 
DNC 

Aour 3 

VEEA1 4 

VEEA2 5 

Ycco 6 
DNC 7 

CONY 8 

DGND 9 
010 (LSB) 10 

o9 11 
08 12 
0, 13 
06 14 
o5 15 
o4 16 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

""'.'." 

0 32 DNC 
0 31 YccA 
0 30 AGND 
0 29 AoFF 
0 28 A1N 
0 27 ARTN 
0 26. REF+ 

0 25 ·REF· 
0 24 DNC 
0 23 AGND 
0 22 NMIMV 
0 21 OVF 
0 20 DNC 
0 19 o1 (MSB) 
0 18 o2 
0 17 o3 

32 Pin Hermetic DIP - S5·Package. 

Functional Description 

21381A 

The THC1070 is a complete 10-bit A/D converter in a 
hermetically sealed 32-pin package. It has three major 
functional sections: Wideband input amplifier stage, 
voltage reference generators, and a mono I ithic 10-bit 
flash A/0 converter. · 

Conversion is initiated (i.e,the analog i.nput signal is 
sampled) by the rising edge of the clock (CONV) signal. 
Data corresponding to that sample is available two clock 
cycles later. The output format is user-selectable between 
binary and two's-complement. 

Power 

The THC1070 requires +5 and -5.2 Volts for operation. 
VCCD (the positive digital supply voltage) and VccA (the 
positive analog supply voltage) may be from the same 
power source but should be decoupled to ground 
separately as shown in the Typical Interface Circuit. 
The two negative analog supply voltages (VEEA 1 and 
VEEA2) may also be from the same power source but also 
should be separately decoupled. Decoupling capacitors 
of 10µF and 0.1 µF should be placed as close to the power 
pins of the THC1070 as possible. Small value (0.01µF) 
decoupling capacitors are inside the THC1070 on each 
power supply input. 

Analog and digital grounds are isolated from each other 
inside the THC1070 to minimize crosstalk and achieve 
optimum performance. It is recommended that the 
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THC1070 be mounted on printed circuit boards with one 
solid ground plane used for all ground pins of the THC1070. 
Analog and digital grounds may be kept separate if 
required by the system grounding plan, however. the 
\ioltage difference between AGND and DGND must be kept 
low (within ±0.1 Volts). · 

Reference 

A precision voltage reference is generated within the 
THC1070. The VREF+ and VREF- outputs have nominal 
voltages of +2.0 and-2.0 Volts respectively, and can be 
used to drive external circuitry that may require a stable 
voltage reference. A potentiometer connected between 
these terminals with its wiper connected to the AQFF pin 
provides a stable method of adjusting input offset voltage. 

Analog Input 

The input amplifier of the THC1070 has a non-inverting 
gain of +4 to match the ±0.5 input range to the ±2 Volt 
range required by the internal 10-bit flash A/D converter. 
An offset adjustment pin, AQFF. is provided for easy 
adjustment of the input to accommodate any 1.0 Volt 
peak-to-peak input range within a -2.0 to +2.0 Volt 
window. ARTN is the ground reference point for the analog 
input stage and voltage reference generator. It should be 
connected to a low-noise ground point. The input 
impedance of the THC1070 is 1 kQ from A1N to ground. For 
impedance matching and lower noise in all applications, a 
termination resistor should be located as close to the A1N 
pin as possible. 

Offset Adjustment 

The THC1070 is designed for, and its performance 
guaranteed for, the ±0.5 Volt input range. It can easily be 
configured to operate with any other 1.0 Volt peak-to-peak 
input signal in the range from +2.0 to -2.0 Volts by driving 
the AQFF input. Both unipolar positive (0.0 to T1 .0 Volts)· 
and unipolar negative (0.0 to -1.0 Volts) input ranges are 
possible. 

The AQFF pin provides a high-impedance offset adjustment 
point for the THC1070. Since this offset input is wideband, 
the offset may be varied at high rates and even used as an 
alternate analog signal input. Care must be taken (by 
proper decoupling) in applications where this pin is used to 
inject a DC offset to prevent high-frequency noise from 
being introduced into the THC1070. The voltage present at 
the AQFF pin is amplified with a gain of -3. 

TRW LSI Products Inc. 
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For normal ±0.5 Volt input operation, connect AQFF to 
AGND- For an analog voltage range of 0.0 to -1.0 Volts, 
connect AoFF to -0.667 Volts; for 0.0to+1.0V, connect 
Ao FF to +0.667V. A 1 OKQ potentiometer connected 
between VREF+ and VREF- with its wiper connected to 
AOFF will provide a variable DC offset Decoupling 
capacitors of 0.1 and 0.01 µF should be connected from 
AQFF to ARTN to reduce noise injection into the THC1070. 

Analog Output 

T_he AouT pin allows monitoring of the ±2.0 Volt analog 
signal at the flash converter input and is normally left 
unconnected. AoUT is isolated from the flash A/D 
converter input with a series resistor of 470!.1. 

CONVert 

The THC1070 requires a TTL clock signal, CONV. The 
analog sig_nal is sampled at tsrn (Sampling Time Offset) 
after the rising edge of CONV. The ten binary and 1 
overflow d1g1tal outputs becomes valid after the next rising 
edge_ of CONV. Data for sample N becomes valid to after 
the rising edge of the N+ 1 CONV edge and remains valid 
until tHO after the rising edge of CONV N+2 as shown on 
the Timing Diagram 

TRW LSI Products Inc. 

Output Format 

The NMINV (Not MSB INVert) control allows the inversion 
of the MSB to provide either binary or two's complement 
output formats. The THC1070 contains a 5kQ pull-up 
resistor for NMINV. The NLINV input of the internal flash 
A/D converter is HIGH and is not available to the user. The 
OVF output is not affected by the NMINV state. 

Overflow 

The overflow flag, OVF, originates from the internal flash 
A/D converter of the THC1070. It is synchronous with 
respect to CONV OVF goes HIGH whenever the voltage 
at the input of the THC1070 exceeds the most positive 
full-scale value. 

Data Outputs 

The data and overflow outputs of the THC1070 are TTL 
compatible and are capable of driving four low-power 
Schottky TTL loads. Their operation is synchronous with 
respect to CONV. 

Do Not Connect 

DNC (Do Not Connect) pins are connected to internal test 
points used in the factory calibration of the THC1070. 
These pins should be left unconnected. 
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Package Interconnections 

Signal Signal 
Type Name Function Value Pin 

Power VEEA1 Negative Analog Supply -5.2V 4 

VEEA2 Negative Analog Supply -5.2V 5 

vccD Positive Digital Supply +5.0V 6 

vccA Positive Analog Supply +5.0V 31 

AGND Analog Ground o.ov 23, 30 

DGND Digital Ground o.ov 9 

Reference VREF+ Positive Reference Output +2.0V 26 

VREF- Negative Reference Output -2.0V 25 

Analog Input A1N Analog Input ±0.5V 28 

ARTN Analog Input Return o.ov 27 

Offset Adjust AOFF Input Offset Control o.ov 29 

Analog Output A our Amplifier Monitor Point ±2.0V 3 

Clock CONV Convert TTL 8 

Format Control NMINV Format Control TTL 22 

Overflow OVF Overflow Flag TTL 21 

Data Output D1 (MSB) Most Significant Bit TTL 19 

D2 TTL 18 

D3 TTL 17 

D4 TTL 16 

D5 TTL 15 

De TTL 14 

07 TTL 13 

D3 TTL 12 

D9 TTL 11 

D10 (LSB) Least Significant Bit TTL 10 

Not Used DNC Do Not Connect Open 1,2,7 ,20,24,32 
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Figure 1. Timing Diagram 
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Figure 2. Equivalent Analog Input Circuit 

Figure 3. Equivalent Digital Input Circuit 
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Figure 4. Equivalent Output Circuits 
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Output Coding Table 

Binary Two's Complement 
NMINV= HIGH NMINV=LOW 

Input 01 ..... Dto. OVF D1 ..... Dto. OVF 
Voltage MSB LSB MSB LSB 

>0.500V 00 0000 0000 1 10 0000 0000 1 

+0.500V 00 0000 0000 0 10 0000 0000 0 

+0.499V 00 0000 0001 0 10 0000 0001 0 . . . . . . . . . 
+0.001V 0111111111 0 1111111111 0 

o.ooov 10 0000 0000 0 00 0000 0000 0 

-0.001V 10 0000 0001 0 00 0000 0001 0 . . . . . . . . . 
-0.499V 1111111110 0 0111111110 0 
-0.500V 1111111111 0 0111111111 0 

<-0.5V 1111111111 0 0111111111 0 

Notes: 1. Input range= :±D 5 Volts. 

2. Voltages measured at code centers. 

Absolute maximum ratings (beyond which the device may be damaged)1 
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Supply Voltages 

Vee (Measured to DGND) ..................................................................................................................................................... -0.5to +7.0V 

VEEA 1. VEEA2 (Measured to AGND) ................................................................................................................................... +0.5 to-7.0V 

AGND (Measured to DGND) ................................................................................................................................................. -0.5 to +0.5V 

Input Voltages2 

CDNV, NMINV (Measured to DGND) .................................................................................................................................. Vee to -0.5V 

A1N (Measured to AGND) ........................................................................................................................................................ VEE to Vee 

AQFF (Measured to AGND) ..................................................................................................................................................... VEE to Vee 

Outputs2.3 

Digital Outputs, Applied Voltage(Measured to DGND) ....................................................................................................... --0.5 to Vee 

Digital Outputs, Applied Current, Externally Forced ...................................................................................................................... 50mA 

Short-Circuit Duration (Single Output to GND) ....................................................................................................................... Unlimited 

Temperature 

Operating, Case ..................................................................................................................................................................... -60to+135°C 

Lead, Soldering (10 Seconds) ......................................................................................................................................................... +300°C 

Storage ................................................................................................................................................................................... -65to +150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if Operating 
Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

TRW LSI Produch! Inc. 
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Operating conditions 

Temperature Range 

Industrial Extended 
Parameter Min Norn Max Min Norn Max Units 

vccA. vcco Positive Power Supply Voltages 4.75 5.0 5.25 4.75 5.0 5.5 v 

VEEA. VEED Negative Power Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 

AGNO.ARTN Analog Ground Voltage -0.1 0.0 0.1 -0.1 0.0 0.1 v 

VCCA-Vcco Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VEEA-VEED Power Supply Voltage Differential -0.1 0.0 0.1 r_::o.1 1 0.0 0.1 v 
VEEA 1-VEEA2 Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tPWL CDNV Pulse Width, LOW 22 22 ns 

tPWH CDNV Pulse Width, HIGH 18 18 ns 

V1L Input Voltage, Logic LOW 0.8 0.8 v 

V1H Input Voltage, Logic HIGH 2.4 2.4 v 

V1N Input Voltage Range ±0.5 ±0.5 v 

(AOFF = AGNO) 

Tc Case Temperature -25 85 -55 125 oc 

Electrical characteristics within specified operating conditions 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Min Max Min Max Units 

ice Total Positive Supply Current Vee= Max 930 975 mA 

IEE Total Negative Supply Current VEE= Max -550 -600 mA 

R1N Analog Input Resistance ARTN Grounded 980 1020 980 1020 Q 

C1N Analog Input Capacitance 5.5 5.5 pF 

Vos Offset Voltage -.01 .01 -.01 .01 v 

VOL Output Voltage, Logic LOW 0.5 0.5 v 

VOH Output Voltage, Logic HIGH 2.4 2.4 v 

VREF+ Reference Voltage Positive +1.8 +2.2 +1.8 +2.2 v 

VREF- Reference Voltage Negative -1.8 -2.2 -1.8 -2.2 v 

Cl Digital Input Capacitance TA= 25°C, f = lMHz 10 10 pF 

IDS Short Circuit Output Current Vee= Max, Outputs HIGH, -40 -50 mA 

One Pin Shorted to Ground, 

One Second Duration 

l1L Input Current, Logic LOW Vee= Max, V1 = 0.5V, 
NMINV -1.2 -1.2 mA 

CONV 200 200 µA 

llH Input Current, Logic HIGH Vee= Max, V1 = 2.4V, 
NMINV 0 0 A 

CONV 50 I- 50 µA 
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Switching characteristics within specified operating conditions 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate VEE= Min.Vee= Max 25 25 Msps 

tsro Sampling Time Offset VEE= Min, Vee= Max -5 10 -5 10 ns 

to Digital Output Delay VEE= Min, Vee= Max 37 37 ns 

tHO Output HOfifTfme VEE= Min.Vee= Max 5 5 ns 

System performance characteristics within specified operating conditions 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Min Typ Max Min Typ Max Units 

EG Absolute Gain Error 2 2 % 
Eu Linearity, Integral 0.08 0.2 0.08 0.3 % 

ELD Linearity, Differential 0.05 0.1 0.05 0.1 % 

tTR Transient Response Full-Scale 50 80 50 80 ns 

tOR Overload Recovery Time 100% Overange 35 60 35 60 ns 

BWFS -3dB Bandwidth Full-Scale Input 30 35 30 35 MHz 

BWss -3dB Bandwidth -20dB Fs Input 40 45 40 45 MHz 

SNR Signal-to-Noise Ratio, 1.0MHz 59 59.5 58 59.5 dB 
Fs = 21Msps 2.0MHz 57 59 57 59 dB 

5.0MHz 55 56.5 54 56.5 dB 
8.0MHz 53 55.5 52 55.5 dB 
10.0MHz 51 53 50 53 dB 

THO Total Harmonic Distortion 1.0MHz -65 -52 -65 -49 dBc 
Fs = 21Msps 2.0MHz -63 -51 -63 -48 dBc 

5.0MHz -57 -48 -57 -46 dBc 
8.0MHz -51 -44 -51 -40 dBc 
10.0MHz -46 -40 -46 -36 dBc 

SINAD SNR + Distortion 1.0MHz 51 58 48 58 dB 
Fs = 21Msps 2.0MHz 50.5 57 47.5 57 dB 

5.0MHz 47 53.5 45 53.5. dB 
8.0MHz 44 49 39.5 49 dB 
10.0MHz 39.5 45 35.5 45 dB 

EAP Aperture Error 50 50 ps 

DP Differential Phase Fs = 4 x NTSC SC 0.3 0.5 0.3 0.5 0 

DG Differential Gain Fs = 4 x NTSC SC 0.8 1.0 0.8 2.0 % 
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Typical Performance Curves 

A. SNR. THO, and SINAD vs. Input Frequency 

55 

dB 50 

45 

40 

35 

-THO 
""""' SNR 
·-- SINAD 

SAMPLE RATE: 23Msps 

~ ...... ~~~ ...... ~~~.._~_.___. ................. 
.5 2 3 4 5 6 8 10 

FREQUENCY IMHz) 

C. Differential Gain and Differential Phase 

SET VECTOR 
~ TO CIRCLE----........... 

de 100 DIFF 
1"- ~N 

- 80 _ - - -~- - - - 11JL_ 

:: 60 }lwt1 ,-- ., : t 
4 75% 

1•-40--------- 2 B 

o- -Jl20 iars -1°- 20111 -- t. 
-Pl 1111 

-3"-7~----------i 
-5"- ----------8 
_-20--------- 10% 

-7"-

-JIO---------

TRW LSI Products Inc. 

21385A 

B. Power Supply Current vs. Temperature 
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Typical Interface Circuit 

The THC1070 does not have user-adjustable reference 
voltages. The reference voltages of the THC1070 are laser­
trimmed during the manufacturing process to optimize 
dynamic performance. Should the system design requires a 
"gain" adjustment for the THC1070, this must be done in 
the signal path prior to the A1N terminal. The Typical 
Interface Circuit uses a 200Q variable resistor in series 
with the input to the THC1070. When the potentiometer is 
centered, the attenuation is approximately -0.BdB and an 
adjustment range of ±0.BdB is available. This corresponds 
to a ±10% adjustment range for gain. With RT= 52.40, the 
total terminating impedance varies from 49.8 to 50.2Q as 
the potentiometer is varied from one end to the other. With 
RT= 80.5Q, the total terminating impedance varies from 
74.5 to 75.4Q as the potentiometer is varied from one end 
to the other. If an amplifier drives the THC1070 instead of a 
coaxial cable, no RT is required. 

Offset adjustment is also illustrated in the Typical 
Interface Circuit. Here, a voltage divider network 
comprising two fixed resistors of 9.1 kQ and a 1 OkQ 
potentiometer with wiper driving the Ao FF pin of the 
THC1070. This circuit provides a ±1 Volt adjustment range 
for offset. 

Typical Interface Circuit 

"GAIN" 
200 

VccA 

- - ---~i A1N OVF 

ARTN D1 ·10 D1 ·10 

~ 
THC1070 

VREF+ AGND 
9.1K 

10K Ao FF "OFFSET 

DGND 

~ VREF· 
9.1K 

VEEA1 

CONV 
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Careful attention should be paid to power supply 
decoupling as shown. The use of ferrite beads to aid 
power supply noise rejection is optional. 

Evaluation Board 

The THC1070E1 C is a Eurocard-style printed circuit board 
designed to optimize the performance of, and to aid in 
the evaluation of, the THC1070 A/D converter. The board 
dimensions are 1 DO mm x 160 mm with a standard 
64-pin double-row DIN male connector installed. A 
complementary 64-pin double-row DIN female connector 
is included with the board. The circuitry on the board 
includes the THC1070 A/D converter, a TDC1012 12-bit 
D/A converter, provision for an optional THC4940 Track/ 
Hold amplifier and timing generator for generation to the 
Track/Hold pulse for the THC4940. 

The board employs only two conducting sides. Most of the 
circuit interconnections are on the bottom of the board 
while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The board is calibrated and tested at the 
factory and is supplied complete with THC1070, TDC1012 
and timing generator components installed. 

Power and Ground 

Only two power supply voltages are required for the 
operation of the THC1070E1 C when no Track/Hold is used: 
Vee= +5, VEE= -5.2 Volts. When the optional THC4940 
is installed, two additional power supplies are required: 
V+ = + 15 and V- = -15 Volts. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

AID Converter Inputs 

The clock to the THC1070, CONV, comes from the timing 
generator section of the board. The input to the timing 
generator is brought onto the board through the SMA 
connector labeled "CONV."Bv installing jumper J1, 
CONV is routed through the edge connector on pin 82. 
Terminating resistor, R24 (with J2) is available on the 
board for terminating the CONV input. The timing 
generator provides proper levels and pulse widths to both 
the THC1070 A/D converter and the optional THC4940 
Track/Hold amplifier. 
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The analog signal input to the THC1070E1 C is brought 
onto the board by way of the SMA connector labeled 
"A/D A1N."A terminating resistor. R14, is included on 
the board for terminating the analog input signal. 

The AouT SMA location allows monitoring of the analog 
signal within the THC1070 just prior to the internal flash 
A/D converter. The offset of the THC1070 can be adjusted 
by turning DIP switches #2, #3, and #4 ON and switch #1 
OFF- and using the Ut-t-St: I potentiometer, Ri3. OiP switch 
positions #5 and #6 control the OE\ and NMINV inputs to 
the THC1070. 

ND Converter Data Outputs and D/A Converter 
Data Inputs 

The ten data outputs of the THC1070 are brought to edge­
connector pins 811 through 821 (excluding 818). These 
pins are located directly across the edge-connector from 
the corresponding data inputs of the TDC1012 D/A 
converter. 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled "CLK" near 
pin 16 of the TDC1012. The clock input to the TDC1012 is 
also brought to the edge-connector pin 824. Resistor R6 
can be used toterminate the D/A CLK signal. 

TRW LSI Products Inc. 

0/ A converter outputs are brought to SMA connectors 
labeled "OUT+" and "OUT-" as well as edge-connector 
pins 827 and 826. Load resistors of 51.1 Q are provided on 
the board to facilitate 50Q cable connection to the board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0V as part 
of the factory test and calibration procedure. 

Removing the jumper in lht:: iut:1:1liur1 iduti8u "FT" wili 
put the TDC1012 into feedthru (unclocked) mode. This 
eliminates the requirement for a D/A CLK signal, but will 
degrade the fidelity of the TDC1012 reconstruction signal. 

THC4940 Track/Hold Amplifier Option 

A THC4940 may be added to the THC1069E1 C just prior to 
the THC1070 A/D converter. When the THC4940 is used, 
+ 15 and -15 Volt power supplies are required on edge­
connector pins 831 and 832. respectively. The analog 
signal input is connected to the SMA labeled "T/H A1N" 
which has a terminating resistor R18. When the THC4940 
is used, terminating resistor R14 should be removed. 
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THC1070E1C Schematic Diagram 

234 

82 

B31~+1SV 

B32~·1SV 

B18~+SV 

B1~·S.2V 

A1 ·A4,A18, )------, 
A22 ·A32 V 

C1 
+SV 

0.1 

f 
1S 

A21 D1 MSB 
Vee 

A20 D2 

A19 D3 

A17 D4 

A16 Ds 

A1S D5 TDC1012 
A14 D7 

A13 Ds 

A12 Dg 

A11 D10 

D11 

D12 LSB 

RS 
2.21K 

FT 17 

OUT+ 

OUT-

CONY 16 

AGND 
s 

DGND 
REF+ 20 

REF· 
19 

COMP 

C3 
l0.1 

·S.2V 

1an 
+SV +SV 

C32 

~ 
13 jj 

Q NC 

+SV 
USA 

D 
Q 9 

11 NC 

GND 

R4 
S1.1 

R1 
S1.1 

TRW LSI Products Inc. 



THC1070 
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THC1070E1C Silkscreen Layout 

U1 

11• 

THC1070EIC Component Side Layout 
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TCH1070E1C Circuit Side Layout 

TRW LSI Products Inc. 'l37 



THC1070 1an: 
THC1070E1C Evaluation Board Pin Assignments Mating Connectors for THC1070E1 C 

GND A32 B32 V-(-15V) AMP 532507-2 Wire-wrap 

GND A31 B31 V+ (+15V) AMP 532507-1 Solder tail 

GND A30 B30 NIC 
. .,., 

Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GND A29 B29 NIC Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GND A28 B28 DIA OUT+ 
GND A27 B27 DIA OUT- Souriau 8609-264-6115-7550El Wire-wrap 

GND A26 B26 NIC Souriau 8609-264-6114-7550El Solder tail 

GND A25 B25 NIC Souriau aeo9-2e4-e813-7550El Solder tail, 

GND A24 B24 DIA CLK Night-Angle Bend 

GND A23 B23 NIC 

GND A22 B22 NIC 

DIA Dl MSB A21 B21 AID Dl MSB 
DIA 02 A20 B20 AID D2 

DIA D3 A19 B19 AID D3 
GND A18 B18 VCC (+5V) 

DIA D4 A17 B17 AID D4 
DIA D5 Ale B16 AID D5 
DIA De A15 B15 AID De 
DIA D7 A14 B14 AID D7 

DIA Da A13 B13 AID Da 

DIA D9 A12 B12 AID D9 

DIA D10 All Bll AID D10 LSB 

NIC AlO BlO NIC 
NIC A9 B9 NIC 

NIC AB BB NIC 

NIC A7 B7 NIC 

NIC A6 B6 NIC 

NIC A5 B5 NIC 
GND A4 B4 NIC 
GND A3 B3 NIC 
GND A2 B2 AID CDNV 

GND Al Bl VEE (-5.2V) 
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Ordering Information 

Product Package 
Number Temperature Range Screening Package Marking 

THC1070S5B IND - Tc= -25°C to 85°C Industrial 32 Pin Metal DIP THC1070S5B 

THC1070S5V EXT - Tc= -55°C to 125°C MIL-STD-883 32 Pin Metal DIP THC1070S5V 

THC1070E1C STD - TA= 0°c to 70°C - Eurocard PC Board THC1070E1C 

All parameters ~n this s~ecific~tion are gua,ranteed by d!,s1gn, ;haracteriz.ation, sample testing, or 100%,testing, as appro~r~~.~, :~Y':,re;eo:e; the~'.'.!~~ :o make.. l."-
Lr1d11yt;::i LU µruuur..:L::. dllU ::.µt:Lllll..dllUll::. WllllUUt llUllLt:. 1111::. llllUlllldLIUll uut::::. llUl l,LJl!Vt:y d11y ll\...t:11:::.t:: UllUt:I µdtl:>lll llYllL::> UI I nvv L01 rruuULL:'.> llll.., 1nvv li!L., UI Ulllt:I::.. ~ 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages 
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Monolithic Video A/D Converter 
7-Bit, 15Msps 

The TDC114 7 is a 7-bit "flash" analog-to-digital 
converter which has no pipeline delay between sampling 
arid vaiid data. The output data 1egister 11ormaiiy fou1id 
on flash AID converters has been bypassed, allowing 
data to transfer directly to output drivers from the 
encoding logic section of the circuit. The converter 
requires only one clock pulse to perform the complete 
conversion operation. The conversion time is guaranteed 
to be less than 60 nanoseconds. 

The TDC114 7 is function and pin-compatible with TRW's 
TDC1047 7-bit flash AID converter which has an output 
data register. The TDC114 7 will operate accurately at 
sampling rates up to 15Msps and has an analog band­
width of 7MHz. Linearity errors are guaranteed to be 
less than 0.4 % over the operating temperature range. 

Functional Block Diagram 

Features 

• No Digital Pipeline Delay 
• 7-Bit Resolution 
• 1 /2 LSB Linearity 

• TTL Compatible 
• Selectable Output Format 
• Available In 24 Pin CERDIP 

Applications 

• Low-Cost Video Digitizing 
• Medical Imaging 
• Data Acquisition 
• High Resolution AID Converters 
• Telecommunications Systems 
• Radar Data Conversion 

NMINV }--------------~ 
NLINV >-------------~ 
CONY>---------~ 

VIN r-;::::==::::;---;:::+--.j._, 
Ar 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 
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Pin Assignments 

VIN 1 [[jJ 24 VIN 
RT 2 23 R9 

AGND 3 22 AGND 
DGND 4 21 DGND 

NMINV 5 20 eDNV 
(MSB) D1 6 19 07 (LSB) 

Dz 7 18 D5 
D3 8 17 D5 
D4 9 16 Vee 

Vee 10 15 NLINV 
VEE 11 , 14 VEE 

AGND 12 13 AGND 

24 Pin CERDIP - 87 Package 

Functional Description 

General Information 

The TDCl 14 7 has two functional sections: a comparator 
array and encoding logic. The comparator array compares 
the input signal with 127 reference voltages to produce 
an N-of-127 code (sometimes referred to as a "ther­
mometer" code, as all the comparators referred to 
voltages more positive than the input signal will be off, 
and those referred to voltages more negative than the 
input signal will be on). The encoding logic converts the 
N-of-127 code into binary or offset two's complement 
coding, and can invert either output code. This coding 
function is controlled by DC signals on pins NMINV and 
NLINV. 

Power 

The TDC114 7 operates from two supply voltages, + 5.0V 
and - 5.2V. The return path for Ice (the current drawn 
from the + 5.0V supply) is DGND· The return path for 
IEE (the current drawn from the - 5.2V supply) is AGND· 
All power and ground pins must be connected. 

Reference 

The TDC1147 converts analog signals in the range 
VRB ~ V1N ~VRT into digital form. VRB (the voltage 
applied to the pin at the bottom of the reference resistor 
chain) and VRT (the voltage applied to the pin at the top 
of the reference resistor chain) should be between 
+0.1V and -1.1V. VRT should be more positive than 
VRB within that range. The voltage applied across the 
reference resistor chain (VRT-VRBI must be between 0.8V 
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and 1.2V. The nominal voltages are VRT= O.OOV and 
VRB = -1.00V. These voltages may be varied dynamically 
up to 7MHz. Due to slight variations in the reference 
current with clock and input signals, RT and Rs should 
be low-impedance points. For circuits in which the 
reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are varied 
dynamically as in an Automatic Gain Control (AGC) 
circuit, a low-impedance reference source is 
recommended. 

Controls 

Two function control pins, NMINV and NLINV are 
provided. These controls are for DC (i.e., steady state) 
use. They permit the output coding to be either straight 
binary or offset two's complement, in either true or 
inverted sense, according to the Output Coding Table. 

Convert 

The TDC1147 uses a CONVert (CONV) input signal to 
initiate the A/D conversion process. Unlike other flash 
AID converters which have a one-clock-cycle pipeline 
delay between sampling and output data, the TDC114 7 
requires only a single pulse to perform the entire 
conversion operation. The analog input is sampled 
(comparators are latched) within the maximum Sampling 
Time Offset (tsm see Figure 1 ). Data from that sample 
becomes valid after a maximum Output Delay Time (to) 
while data from the previous sample is held at the 
outputs for a minimum Output Hold Time (tHol. This 
allows data from the TDC114 7 to be acquired by an 
external register or other circuitry. Note that there are 
minimum time requirements for the HIGH and LOW 
portions (tPWH· tpwLI of the CONV waveform and all 
output timing specifications are measured with respect to 
the rising edge of CONV. 

Analog Input 

The TDC1147 uses latching comparators which cause the 
input impedance to vary slightly with the signal level. For 
optimal performance, both V1N pins must be used and 
the source impedance of the driving circuit must be less 
than 30 Ohms. The input signal will not damage the 
TDC1147 if it remains within the range of VEE to +0.5V. 
If the input signal is between the VRT and VRB 
references, the output will be a binary number between 
0 and 127 inclusive. A signal outside this range will 
indicate either full-scale positive or full-scale negative, 
depending on whether the signal is off-scale in the 
positive or negative direction. 
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Outputs 

The outputs of the TDC114 7 are TTL compatible, and 
capable of driving four low-power Schottky TTL (54/74 
LS) unit loads. The outputs hold the previous data a 
minimum time (tHol after the rising edge of the CONV 

signal. New data becomes valid after a maximum time 
(to) after the rising edge of the CONV signal. The use of 
2.2 kOhm pull-up resistors is recommended. 

Package Interconnections 

Signai Signai 
Type Name Function Value 87 Package Pins 

Power Vee Positive Supply Voltage +5.aV 1a, 16 

VEE Negative Supply Voltage -5.2V 11, 14 

DGND Digital Ground a.av 4, 21 

AGND Analog Ground a.av 3, 12, 13, 22 

Reference RT Reference Resistor (Top) O.aOV 2 

Rs Reference Resistor (Bottom) -1.aOV 23 

Controls NMINV Not Most Significant Bit INVert TTL 5 

NLINV Not Least Significant Bit INVert TTL 15 

Convert CONV Convert TTL 2a 

Analog Input VIN Analog Signal Input av to -lV 1, 24 

Outputs D1 MSB Output TTL 6 

D2 TTL 7 

D3 TTL 8 

D4 TTL 9 

D5 TTL 17 

D5 TTL 18 

D7 LSB Output TTL 19 
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Figure 1. Timing Diagram 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltages 

Vee (measured to DGNol .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGND) ........................................................................................................................................................................................... +0.5 to - 7.0V 

AGND (measured to OGNol ...................................................................................................................................................................................... -0.5 to +0.5V 

Input Voltages 

CONV, NMINV, NLINV (measured to OGNol ......................................................................................................................................................... -0.5 to +5.5V 

VIN· VRT· VRB (measured to AGND) ........................................................................................................................................................................... +0.5 to VFF 

VRT (measured to VRal ............................................................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage (measured to OGNol ...................................................................................................................................................................... -0.5 to 5.5V 2 

Applied current, externally forced ....................................................................................................................................................................... -1.0 to 6.0mA3,4 

Short circuit duration (single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering (10 seconds) .................................................................................................................................................................................................. + 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conlitions Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage (measured to OGNol 4.75 5.0 5.25 4.5 5.0 5.5 v 
VEE Negative Supply Voltage (measured to AGNOI -4.9 -5.2 -5.5 -4.9 -52 -5.5 v 
VAGNO Analog Ground Voltage (measured to DGNOl -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tPWL CONV Pulse Width, LOW 22 22 ns 

tPWH CONV Pulse Width, HIGH 18 18 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 2.0 mA 

loH Output Curren~ Logic HIGH -0.4 -0.4 mA 

VHL Most Positive Reference Input 1 -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VRB Most Negative Reference Input 1 -0.9 -1.0 -1.1 -0.9 -1.0 -1.1 v 
VRr-VRB Voltage Reference Differential 0.8 1.0 1.2 0.8 1.0 1.2 v 
VIN Input Voltage VRB VRT VRe VRT v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

Note: 1. VAT must be more positive than VAB• and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Positive Supply Current V CC = Max, static I 25 30 mA 

1EE Negative Supply Current VEE = Max, static 1 

TA = 0°C to 70°C -170 mA 

TA = 70°C -135 mA 

Tc = -55°C to 125°C -220 mA 

Tc= 125°C -130 mA 

IREF Reference Current VRT· VRB = Norn 35 50 mA 

RREF Total Reference Resistance 34 20 Ohms 

RIN Input Equivalent Resistance VRT· VRB = Norn, VtN = VRB 100 40 kOhms 

CIN Input Capacitance 60 60 pF 

1cs Input Constant Bias Current VEE = Max 160 300 µA 

Ill Input Current. Logic LOW Vee = Max, Vi = 0.5V CONV -0.4 -0.6 mA 

NMINV, NLINV -0.6 -0.8 mA 

11H Input Current, logic HIGH Vee = Max, v1 = 2.4V 50 50 µA 

11 Input Current, Max Input Voltage Vee - Max, v1 = 5.5V 1.0 1.0 mA 

VOL Output Voltage, logic LOW Vee = Min, loL = Max 0.5 0.5 v 
VoH Output Voltage, logic HIGH Vee - Min, taH = Max 2.4 2.4 v 

las Short Circuit Output Current Vee = Max, one pin to ground, -30 -30 mA 

one second duration. 

C1 Digital Input Capacitance TA = 25°C, F = lMHz 15 15 pF 

Nole 
1. Worst case, all d1g11al inputs and ou1puts LOW 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fs Maximum Conversion Rate Vee = Min, VEE = Min 15 15 MSPS 

tsTo Sampling Time Offset Vee = Min, VEE = Min 7 10 ns 

to Output Oelay Vee = Min, VEE = Min, Load 1 60 70 ns 

tHO Output Hold Time Vee = Max, VEE = Max, Load 1 15 15 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Eu Linearity Error. Integral Independent VRT' VRB = Norn 0.4 0.4 % 

ELD Linearity Error, Differential 0.4 0.4 % 

cs Code Size VRT, VRB = Norn 30 170 30 170 % Nominal 

Var Offset Voltage, Top VIN = VRT +50 +50 mV 

Vos Offset Voltage, Bottom VIN = VRB -30 -30 mV 

Teo Temperature Coefficient ±20 ±20 µV/°C 

BW Bandwidth, Full Power Input 7 7 MHz 

trn Transient Response, Full Scale 10 10 ns 

SNR Signal-to- Noise Ratio 7MHz Bandwidth, 

20MSPS Conversion Rate 

Peak Signal/RMS Noise lMHz Input 45 46 dB 

7MHz Input 43 44 dB 
RMS Signal/RMS Noise lMHz Input 36 37 dB 

7MHz Input 34 35 dB 

EAp Aperture Error 50 50 ps 

OP Differential Phase Error 1 £s_ = 4 x NTSC 1.5 1.5 Degree 
OG Differential Gain Error 1 Fs = 4 x NTSC 2.5 2.5 % 

Note 
1. In excess of quant11at10n 

Output Coding 

Binary Offset Two's 
Complement 

Range True Inverted True Inverted 

-1.00V FS NMINV = 1 0 0 1 

NLINV = 1 0 1 0 

o.oooov 0000000 1111111 '1000000 0111111 

-0.0078V 0000001 1111110 1000001 0111110 . . . . . . . . . • . . . . . 
-0.4960V 0111111 1000000 1111111 0000000 
-0.5039V 1000000 0111111 0000000 1111111 . . . . • 

• . . • . . . • . . 
-0.9921V 1111110 0000001 0111110 1000001 

-1.0000V 1111111 0000000 0111111 1000000 

Note: 

1. Voltages are code midpoints. 
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Calibration 

To calibrate the TDC114 7, adjust VRT and VRs to set the 
1st an~ 127th thresholds to the desired voltages. 
Assuming a OV to -1V input range, continuously strobe 
the converter with - 0.0039V 1112 LSS from OV) on the 
analog input, and adjust VRT for output toggling 
between codes 00 and 01. Then apply - 0.996V 1112 
LSS from -1V) and adjust VRs for toggling between 
codes 126 and 127. 

The degree of required adjustment is indicated by the 
offset voltages, Var and Vos. Offset voltages are 
generated by the inherent parasitic resistance between 
the package pin and the actual resistor chain on the 
integrated circuit. These parasitic resistors are shown as 
R1 and R2 in the Functional Block Diagram. Calibration 
will cancel all offset voltages, eliminating offset and gain 
errors. 

The above method for calibration requires that both ends 
of the resistor chain, RT and Rs. are driven by variable 
voltage sources. Instead of adjusting VRT· RT can be 
connected to analog ground and the OV end of the 
range calibrated with an input amplifier offset control. 
The offset error at the bottom of the resistor chain 
causes .a slight gain error, which can be compensated for 
by varying the voltage applied to Rs. The bottom 
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reference is a convenient point for gain adjust that is not 
in the analog signal path. 

Typical Interface Circuit 

Figure 5 shows an example of a typical interface circuit 
for the TDC1147. The analog input amplifier is a bipolar 
w1.deband operational amplifier, which is used to directly 
dnve the AID converter. Bipolar inputs may be 
accommodated by adjusting the offset control. A zener 
diode provides a stable reference for both the offset and 
gain control. The amplifier has a gain of -1 providing 
the recommended 1Vp-p input for the AID converter. 
Proper decoupling is recommended for all supplies, 
although the degree of decoupling shown may not be 
needed. A variable capacitor permits either step response 
or. frequ~ncy response optimization. This may be replaced 
~1th. a fixed capacitor, whose value depends upon the 
c1rcu1t board layout and desired optimization. 

!he ~ottom re.f~rence voltage, VRS· is supplied by an 
inverting amplifier, followed with a PNP transistor. The 
transistor provides a low-impedance source and is neces­
sary to sink the current flowing through the reference 
re~istor chain. The bottom reference voltage can be 
adiusted to cancel the gain error introduced by the offset 
voltage, Vos. as discussed in the Calibration section. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC1147B7C STD-TA=o·c to 10°c Commercial 24 Pin CERDIP 1147B7C 
TDC1147B7V EXT-Tc= -55°c to 12s0 c MIL-STD-883 24 Pin CERDIP 1147B7V 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Ufe Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC1175 
Advance Information 

Monolithic CMOS AID Converter 
8 Bit, 30 Msps 
The TMC1175 is a two-step CMOS analog-to-digital converter 
with an integral track-and-hold amplifier. It converts an analog 
signa! vv:th fu!!·povver bandvvidths of 7 ~v1Hz lnto an 8-blt data 
stream at rates up to 30 MegaSamples Per Second (Msps). 
This conversion rate is sufficient for sampling video signals at 8 
times the NTSC, PAL or SECAM subcarrier frequency. 

The TMC1175 comprises an integrated track-and-hold 
amplifier, two quantizers. a reference voltage generator, and 
digital encoding logic. The T/H holds the input signal stable 
while the coarse quantizer estimates the input value. The 
references of the fine quantizer are then set to bound this initial 
estimate and the fine quantizer completes the conversion. An 
on-chip reference source is provided for medium-performance 
applications: alternatively, an external reference may be used. 

The two-step architecture. implemented in TRW's Omicron-C™ 
1 µCMOS process, results in low 200mW power dissipation. 
Operation is controlled by a single CONVert signal. All digital 
inputs and outputs are TIL compatible. 

Features 

• 8-Bit Resolution 
• 30 Msps Conversion Rate 
• Internal Track/Hold 

Simplified Block Diagram 

R+-------+---1 

Ry >---------­
Re>--------t---i~ 

4BIT 
FIASH 

AID 
Rye Rec 

REFERENCE 
VOLTAGE 

GENERATOR 

--~·-· ••••• 
• 7 MHz Full Power Bandwidth 
• Linearity Error Less Than ±1 /2 LSB 
• 0.5° Differential Phase 
• 1 % Differential Gain 
• Single +5V Power Supply 
• 200mW Power Dissipation 
• Three-State TIL Outputs 
• TTL/CMOS Compatible 
• Low Cost 

Applications 

• Digital Television 
• Ultrasound Systems 
• High Speed Data Acquisition 
• Video Frame Grabbers 
• Image Scanners 

Associated Products 

• TDC1041 D/A Converter 
• TDC4614 Reference/Amplifier 
• TMC2242 Half-Band Filter 

R--------r---t--_,..__J 

DIGITAL 
COMBINING 
CIRCUITRY 

AND 
ERROR 

CORRECTION 

RTF Ref 

4.5BIT 
FLASH 

AID 

CONV>---------------------' 
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La Jolla, CA 92038 

Phone: (619)457-1000 
FAX: (619) 455-6314 
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THC1200 .... ~·-· 
··~·· 

Dual-Range High-Speed Analog-to-Digital Converter 
12-Bit, 8 Msps 
The THC1200 is a complete 12-bit 8 Msps (Mega-samples­
per-second) analog-to- digital converter that includes all 
the circuitry required to digitize signais within a DC to 
35MHz band. The THC1200 features two user-selectable 
input voltage ranges which give the A/D converter a large 
dynamic range. With its two-step architecture, the 
THC1200 achieves a very high conversion rate and superior 
performance. The device contains a wideband input 
amplifier, a precision track/hold, analog-to-digital 
quantizer, voltage reference, precision timing generator 
and registered three-state TTL output drivers. 

The THC1200 offers significant advantages over previous 
converter boards in space efficiency, ease of use, power 
dissipation, DC and AC performance, reliability and 
flexibility. 

Designed to meet demanding requirements, the THC1200 
is housed in a 46-pin hermetically sealed dual-in-line 
package. Specified performance is guaranteed over the 
industrial (-25 to 850C case) and extended (-55 to 1250C 
case) temperature ranges. Military-grade parts are in 
compliance with MIL-STD-883 and are manufactured in 
facilities certified and qualified to MIL-STD-1772. 

Functional Block Diagram 

RANGE ~-----~ 

1kll 

TIMING 

Features 
• Convers~on Rate DC T 8 8 ~"1sps 
• Two User-Selectable Input Voltage Ranges 
• Analog Input Ranges: ±2.5 and ±0.167 Volts 
• Input Signal Bandwidth >30MHz 
• No Missing Codes. Guaranteed 
• SNR = 62dB At 8 Msps With 2.5MHz Input, Guaranteed 
• TTL-Compatible Input And Three-State Outputs 
• 46-Pin Metal DIP 
• Evaluation Board (THC1200E1 C) Available 

Applications 
• Radar 
• Data Acquisition Systems 
• Digital Oscilloscopes 
• Medical Imaging 
• Communications 
• CCD Digitization 
• Transient Recorders 
• Forward-Looking lnfraRed Systems 
• Focal Plane Arrays 

REFERENCE 

12 ·BIT 
QUANTIZER 

~----<oE 

OUTPUT 
REGISTER 

CONY>-----------
GENERATOR t-------------~ 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

...._------------------~ DR 
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FAX: (619) 455-6314 
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Pin Assignments 

GND,CASE 0 0 46 ARTN 
RANGE 0 0 45 A1N 

VccA 3 0 0 44 V+ 

DNC 4 0 0 43 V· 

DNC 0 0 42 VeeA 

VEEA 0 0 41 DNC 

DNC 7 0 0 40 DNC 

DNC 8 0 0 39 DNC 

D1 (MSB) 9 0 0 38 DNC 

o2 10 0 0 37 DNC 

o3 11 0 0 36 DNC 

o4 12 0 0 35 GND 

o5 13 0 0 34 V+ 

06 14 0 0 33 V· 

~ 15 0 0 32 GND 

D5 16 0 0 31 Veeo 

D9 17 0 0 30 VccA 
010 18 0 0 29 DNC 

D11 19 0 0 28 DNC 

012 (LSB) 20 0 0 27 DNC 

Vcco 21 0 0 26 GND 

DR 22 0 0 25 OE 

GND 23 0 0 24 CONV 

21301A 

46-Pin Metal DIP, S3 Package 

Functional Description 

General Information 

The THC1200 is a complete 12-bit 8 Msps A/D converter 
that features a wideband input amplifier, precision track/ 
hold, voltage reference, timing circuitry and a three-state 
digital output register all housed in a 46-pin hermetic 
DIP. Input voltage ranges of ±2.5 and ±0.167 Volts are 
selectable by way of a single TTL-compatible input. The 
THC1200 employs a two-step analog-to-digital converter 
architecture and proprietary components to achieve a 
8 Msps conversion rate and superior performance. The 
THC1200 is guaranteed to meet all specifications without 
additional adjustment or calibration. Additional 
information on applying the THC1200 is found in TRW 
Application Note TP-45, "Designing with the THC1200 
AID Converter Family." 

Three-state TTL-compatible outputs permit the THC1200 to 
drive a shared data bus directly. Data emerges from the 
THC1200 synchronously with respect to CONV. The digital 
output corresponding to the sample of the analog input 
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signal is valid after the rising edge CONV. The THC1200 
provides a 12-bit two's-complement digital output as 
indicated in the Output Coding Table. 

Power and Ground 

The THC1200 requires four standard power supplies for 
operation: VccA = Vcco = +5V. VEEA = VEED = ..:..5.2v. 
V+ = + 15V, and V- = -15V. Linear regulated power 
supplies are preferred over switching power supplies for 
optimum performance. All power supply inputs to the 
THC1200 should be properly decoupled. 

Separate analog and digital grounds are maintained within 
the the THC1200, but no distinction is made at the package 
pins. For optimum converter performance, all ground pins 
should be connected to a common solid ground plane. 
Wire-wrap breadboarding techniques are not 
recommended for use with this high-speed high- precision 
analog-to-digital converters. TRW LSI Products Inc. 
Application Note TP-45, "Designing with the THC1200 
AID Converter Family" is recommended for additional 
information on using the THC1200. 
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Analog Input and Analog Input Return 

The two input voltage ranges of the THC1200 are: -2.500 
to +2.500 Volts and +0.167 to -0.167 Volts. This results in 
a Least Significant Bit weight of 80 microvolts in the 
smaller range, giving the THC1200 an overall dynamic 
range of nearly 96dB. A 1 kQ thin-film resistor is 
connected between A1N and ARTN and is provided for 
termination of analog input signals 

ARTN is the internal ground reference point for internal 
analog circuitry and voltage references within the 
THC1200. In normal operation ARTN should be connected 
to signal ground where the analog input signal connection 
is in close proximity to the THC1200. ARTN should also be 
connected to power supply ground. 

RANGE 

The RANGE input selects which of the two analog input 
voltage ranges the THC1200 is to use. When LOW, the 
input range of the THC1200 is 5.0 Volts peak- to-peak, 
centered around zero Volts. When RANGE is HIGH, the 
analog input voltage range is 0.333 Volts peak-to-peak, 
centered around zero Volts. 

CONV 

Each rising edge of the CONV signal initiates conversion 
(See Timing Diagram). The THC1200 operates 
independently of the duty cycle of CONV as long as tPWH 
and tPWL limitations are not exceeded. 

CONV clock jitter, tCJ, must be minimized in order to 
optimize performance. Time errors in sampling a high slew 

TRW LSI Products Inc. 
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rate (large !!.V/M) signal appear as voltage errors in the 
conversion. The high-speed and precision of the THC1200 
may reveal system timing errors (jitter) that would not be 
apparent with lower resolution converters (see TP-45). 

Data Outputs and Output Enable 

The 12 TTL-compatible data outputs (D1-D12) provide 
two's-complement data as shown in the Output Coding 
Table. The output data becomes va!:d to after the rlslng 
edge of CONV, and remains valid until tHO after the next 
rising edge of CONV. D12 is the least significant bit. 

The output drivers become disabled (high-impedance) 
within tois after the asynchronous input OE is switched 
HIGH. The outputs are enabled within tENA after OE is 
switched LOW. 

Data Ready 

A Data Ready output is provided which may be used to 
control the registering of data from the THC1200 into 
storage devices following in the data path. DR is 
generated within the THC1200 by inverting the CONV 
signal. As long as the user operates the THC1200 within 
the tPWH and tpwL limits on CONV, the rising edge of DR 
will occur when output data is valid and therefore can be 
used as the clock input to positive edge-triggered storage 
devices. 

Do Not Connect 

DNC pins are used in factory calibration and must remain 
unconnected. 
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Package Interconnections 

Name Function Value Package Pins 

vccA Positive Analog Supply +5.0V 3,30 

Vcco Positive Digital Supply +5.0V 21 

VEEA Negative Analog Supply -5.2V 6,42 

VEED Negative Digital Supply -5.2V 31 

V+ Positive Supply +15V 34,44 
V- Negative Supply -15V 33.43 

GND Ground o.ov 1, 23, 26, 32, 35 

CONV Convert Input TIL 24 

AIN Analog Input see text 45 

ARTN Analog Input Return o.ov 46 

RANGE Range Control Input TIL 2 

D1 (MSB) Most Significant Bit TIL 9 

D2 TIL 10 

03 TIL 11 

04 TTL 12 

05 TIL 13 

05 TIL 14 

07 TIL 15 

Os TIL 16 

09 TIL 17 

010 TTL 18 

011 TIL 19 

D12 (LSB) Least Significant Bit TIL 20 

DR Data Ready Output TIL 22 

OE\ 0 utput Enable Control TIL 25 

DNC Do Not Connect Open 4, 5, 7, 8, 27, 28, 29, 
36, 37, 38, 39, 40, 41 
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Output Coding Table 

Input Voltage 
(Code Midpoints) 

RANGE= LOW RANGE= HIGH 

+2.5000 

+2.4988 

+2.4975 

+0.0024 

+0.0012 

0.0000 
-0.0012 

-0.0024 

-2.4963 

-2.4975 

-2.4988 

+0.16700 

+0.16692 

+0.16684 

+0.00016 

+0.00008 

0.00000 
-0.00008 

-0.00016 

-0.16676 

-0.16684 

-0.16692 

Digital Outputs 
MSB LSB 

1000 0000 0000 

1000 0000 0001 
1000 0000 0010 

1111 1111 1110 

1111 1111 1111 

0000 0000 0000 

0000 0000 0001 

0000 0000 0010 

0111 1111 1101 

0111 1111 1110 

0111 1111 1111 

Notes 1. For RANGE= HIGH, 1 LSB Step size= 0.330 I 4095 = 80.6uV. 

2. For RANGE= LOW, 1 LSB Step size= 5.000 I 4095 = 1.22mV. 

Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit Figure 3. Standard m Test Load 

+5V 

21303A 40pF 

LOAD1 " 
TEST LOAD 
FOR DELAY 
MEASUREMENrS 21199A 

Absolute maximum ratings (beyond which the device may be damaged)1 
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Supply Voltages 
Vee ............................................................................................................................................................................................. -0.5 to +1.ov 
VEE ............................................................................................................................................................................................ -7 .0 to +0.5V 
V+ ............................................................................................................................................................................................ --0.5to + 18.0V 
V-............................................................................................................................................................................................. -18.0 to +0.5V 

Input Voheges 
AIN ............................................................................................................................................................................................... +8.0 to -8.0 
CONV, OE ................................................................................................................................................................................. --0.5Vto Vee 

Outputs 
Digital Outputs, Applied Voltage2 ........................................................................................................................................ --0.5V to Vee 
Digital Outputs, Applied Current3 ................................................................................................................................................... 1 OOmA 
Short-Circuit Duration (Single Output to Ground) .......................................................................................................................... 1 sec 

Temperature 
Operating, Case ..................................................................................................................................................................... --65 to +130°C 
Lead, Soldering (10 seconds) ......................................................................................................................................................... +300°C 
Storage ................................................................................................................................................................................... --60to +150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
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Operating conditions 

Parameter Min Norn Max Units 

Vee Positive Supply Voltage 4.7 5.0 5.3 v 
VEE Negative Supply Voltage -4.89 -5.2 -5.51 v 
V+ Positive Supply Voltage 14.4 15.0 15.6 v 
V- Negative Supply Voltage -14.4 -15.0 -15.6 v 
tPWH CONV Pulse Width HIGH 45 ns 

lPWL CONV Pulse Width LOW 25 ns 

ts Conversion Rate 0 8 msps 

tCJ CONV Clock Jitter 10 PS RMS 

V1L Input Voltage, Logic LOW 0.7 v 
V1H Input Voltage, Logic HIGH 2.0 v 
AIN Analog Input Range, -2.50 +2.50 v 

RANGE= LOW 

AIN Analog Input Range, -0.167 +0.167 v 
RANGE= HIGH 

Tc Case Temperature, B-grade -25 85 oc 

Tc Case Temperature, V-grade -55 125 oc 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Industrial Military 
Parameter Conditions Typ Min Max Min Max Units 

ice Total +5V Power Supply Current1 485 600 600 mA 

IEE Total-5.2V Power Supply Current1 -315 -640 -640 mA 

It Total V+ Power Supply Current1 150 400 400 mA 

I- Total V- Power Supply Current1 -180 -400 -400 mA 

Po Total Power Dissipation2 9.45 13.7 13.7 w 

llH Input Current, Logic HIGH V1H = 2.4V 150 150 µA 

llL Input Current, Logic LOW V1L = 0.5V -3.2 -3.2 mA 

VQH Output Voltage, Logic HIGH IQH = 160µA 2.4 2.4 v 
VQL Output Voltage, Logic LOW IQL = -3.2mA 0.5 0.5 v 

IQZH Output Leakage Current, Logic HIGH OE= HIGH, VQH = 2.4V ±50 ±50 µA 

IQZL Output Leakage Current, Logic LOW OE= HIGH, VOL= 0.7V ±50 ±50 µA 

ios Short Circuit Current 1 second Max., one pin -30 -100 -30 -100 mA 

shorted to ground 

RIN Analog Input Resistance ARTN connected to GND 1000 950 1050 950 1050 n 

C1N Input Capacitance All Inputs 20 20 pF 

VFPl Full-Scale Positive Input AIN at 1/2 LSB above most 2.50 2.45 2.55 2.45 2.55 v 
positive transition, RANGE= LOW 

VFN1 Full-Scale Negative Input A1N at 1/2 LSB below most -2.50 -2.45 -2.55 -2.45 -2.55 v 
negative transition, RANGE= LOW 

VFP2 Full-Scale Positive Input AIN at 1/2 LSB above most 0.167 0.157 0.177 0.157 0.177 v 
positive transition, RANGE= HIGH 

VFN2 Full-Scale Negative Input A1N at 1/2 LSB below most -0.167 -0.157 -0.177 -J.157 -0.177 v 
negative transition, RANGE= HIGH 

Notes: 1 Typical values are the statistical average of actual measurements taken over the Operating Temperature Range. 

2. Typical value is calculated from typical power supply currents and maximum power supply voltages over the Operating Temperature Range. Maximum 
values are calculated from measured maximum currents and maximum voltages over the Operating Temperature Range. 
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Switching characteristics within specified operating conditions 

Temperature Range 

Industrial Milita_ry 
Parameter Conditions Typ Min Max Min Max Units 

ts Maximum Conversion Rate 8 8 Msps 

tsrn Sampling Time Offset RANGE= LOW -2.0 4.0 -2.0 4.0 ns 

tsrn Sampling Time Offset RANGE= HIGH -11.0 -17.0 -11.0 -17.0 ns 

t[j n _ _.._ n .. +-··• n-'-··"'-- CLOAO = 5GµF M"x 50 50 ns ucna uuL._iu1. ut:ray 1 n11t: 

tHQ Data Output Hold Time CLQAO = 50pF Max 5 5 ns 

!ENA Output Enable Time CLQAO = 50pF Max 40 40 ns 

to1s Output Disable Time CLQAD = 50pF Max 100 100 ns 

tG Gain switch settling time 1 1 µs 

tQRl Overload Recovery Time V1N = 2x Full-Scale 140 140 ns 

tQRl Overload Recovery Time V1N = ±BV 4 4 µs 

Thermal Characteristics 

Parameter Conditions Typ Units 

deltaTJc Junction-to-Case Temperature Rise Worst-Case Power Dissipation 20 oc 

thetacA Case-to-Ambient Thermal Resistance in Still Air 10 oc;w 

with 500 LFPM Airflow 6 oc;w 
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System Performance Characteristics 

Temperature Range 

Industrial Milita...!1_ 
Parameter Conditions Typ Min Max Min Max Units 

Eu Integral Linearity Error Independent based ±4.0 ±4.0 LSB 

ELD Differential Linearity Error fs = 8 Msps, f1N = 2.5MHz ±0.6 ±1.8 ±1.8 LSB 

SNR Signal-to-Noise Ratio fs = 8 Msps, t1N = 2.5MHz 59 59 dB 

V1N is 1dB below Full-Scale 
RANGE= HIGH 

ts= 8 Msps, t1N = 2.5MHz 62 62 dB 

V1N is 1dB below Full-scale 
RANGE= LOW 

SFDR Spurious Free Dynamic Range ts= 8 Msps, t1N = 2.5MHz 65 65 dB 

V1N is 1dB below Full-Scale 
RANGE= HIGH 

ts= 8 Msps, t1N = 2.5MHz 62 62 dB 

V1N is 1 dB below Full-Scale 
RANGE= LOW 

IMO Intermodulation Distortion ts= 8 Msps, t1N1 = 2.4MHz 62 62 dB 

t1N2 = 2.45 MHz, each input 
signal is 7dB below Full-Scale 

BW -3dB Analog Bandwidth V1N = 0.330 Volts p-p, 8 8 MHz 

RANGE= HIGH 

V1N = 5 Volts p-p, 25 25 MHz 

RANGE= LOW 

EAP Aperture Jitter ±40 ps 

SC Spurious Codes 0 0 codes 

MC Missing Codes 0 0 codes 

EG Gain Error ±1.5 ±1.5 %FS 

vos1 Offset Error AIN at Mid-Scale code transition, ±5 ±5 %FS 

RANGE= HIGH 

vos2 Offset Error A1N at Mid-Scale code transition, ±2.2 ±2.2 %FS 

RANGE= LOW 

PSR1 Power Supply Rejection V+,V- 0.05 0.05 %FS/%V 

PSR2 Power Supply Rejection Vee. VEE 0.025 0.025 %FS/%V 
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Definitions 

SNR (Signal-to-Noise Ratio) 
The ratio, expressed in decibels, of the RMS 
level of the output signal to the RMS level of 
the in-band noise. This noise is measured 
with the signal present and excludes 
harmonic distortion products. 

HD (Harmonic Distortion) 
The ratio, expressed in decibels, of the 
second harmonic of the output fundamental 
to the RMS level of the output fundamental. 

SINAD (Signal-to-Noise and Distortion) 
The ratio, expressed in decibels, of the RMS 
level of the output signal to the RMS sum of 
both the in-band noise and the RMS sum of 
the first 10 harmonics of the output 
fundamental. 

Typical Performance Curves 

Power Supply Current vs Temperature 
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-~·-· , ...... 
IMO (Intermodulation Distortion) 

The ratio, expressed in decibels, of the 
largest output frequency spur to either of the 
two equal-level output fundamentals. 

tTR (Transient Response Time) . . 
The time required to begin returning accurate 
data after a full scale input voltage step 

~~o:~ai!~i~if ~;~tdr:i~;! v~~~~~~~r!n~i~~in o 
domain parameter and excludes pipeline 
latency. 

tQR (Overload Recovery Time) . . 
The time required to begin producing 
accurate data after the input voltage returns 
to the allowable range, following an 
excursion to 200% of either full-scale limit. 
tQR is an analog domain parameter and 
excludes pipeline latency. 

Dynamic Performance vs. Input Frequency 
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Figure 4. Typical Interface Circuit 
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Evaluation Board 

The THe1200E1 e is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the rne1200 A/D 
converter. The board dimensions are 1OOmmx160mm 
with a standard 64-pin double-row DIN male connector 
installed. A complementary 64-pin double-row DIN female 
connector is included with the board. 

The board employs only two conducting sides. Most of the 
circuit interconnections are on the bottom of the board 
while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The circuitry on the board includes all 
power supply decoupling required for the THe1200, and a 
rne1012 12-bit D/ A converter which may be used in 
evaluating certain parameters of the THe1200. Additional 
information on applying the THe1200 is found in TRW 
Application Note TP-45, "Designing with the THC1200 
AID Converter Family". 

The THe1200E1 e board has been designed to be used, not 
only for the THe1200, but also for the THe1201 and 
THe1202 A/D converters. Therefore, the board has 
interconnect patterns for some circuitry that is not used by 
the THe1200. Jumpers J1, J6 and FT will be installed 
while all others are not. 
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1 
23 
26 
32 
35 

31 42 

6.BµF 6.BµF 

~ v 
·5.2V 21307A 

The board is calibrated and tested at the factory and is 
supplied complete with THe1200 and rne1012 installed. 

Power and Ground 

Four power supply voltages are required for the operation 
of the rne1200E1 e: Vee= +5V, VEE= -5.2V, Vt=+ 15V 
and V- = -15 Volts. All power inputs are decoupled to a 
single solid ground plane, GND. All GND pins of the board 
are connected to the ground plane and it is recommended 
that all GND pins be used. 

AID Converter Inputs 

The clock to the THe1200, eONV, is normally brought onto 
the board by way of an SMA connector labeled "eONV" 
near pin 24 of the THe1200. A location for a terminating 
resistor, R20 is available on the board for terminating 
cables. eONV may be brought onto the board through the 
edge-connector pin B2 by installing jumper J9. The DIP 
switch enables control of OE and RANGE which are both 
pulled HIGH when the switches are open. 

The analog signal input to the THe1200, A1N is normally 
brought onto the board by way of an SMA connector 
labeled "A1N" near pin 45 of the THe1200. A resistor 
network, R13 through R16, is included on the board for 
terminating and attenuating the signal in user-determined 
impedances and losses. 
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AID Converter Data Outputs and 
D/A Converter Data Inputs 

The 12 data outputs of the THC1200 are brought to edge­
connector pins B9 through B21 (excluding B18). These pins 
are located directly across the edge-connector from the 12 
data inputs of the TDC1012 D/A converter to simplify 
connection of A/D outputs to D/A inputs. 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled "CLK" near 
pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge­
connector pin 824. 

THC1200E1C silkscreen layout 

D/A CONIJERTER 

D
OUT-~ DOUT+ 

~ 

TDC1012 l 

Ul 

-~·-· ...... 
0/ A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge-connector pins 
828 and 827. Load resistors of 51. lQ are provided on the 
board to facilitate 50Q cable connection to the board. 

Potentiometer R 11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0 Vas part 
of the factory test and calibration procedure. 

Remo\1lng the Jumpei in the :ocation iabe:ad 'TT" vvi:: put 
the TDC1012 into feedthru (unclocked) mode. This 
eliminates the requirement for a D/A clock signal, but will 
degrade the fidelity of the TDC1012 reconstruction. 

""?. 
1 'V 

THC1202 

THC1200/1201 H ~ C~i:E:z=:====~ 
();ND() <ID C29 ) --CBru- D =mB= 

JS TRW LSI Products Inc. 

THC1200 ASSEMBLY 40X05916 REU. C=:J ~ J 
THC 1201 ASSEMBLY 40X05917 REU. C=:J ();ND() GAIN 
THC 1202 ASSEMBLY 40X05915 REU. C=:J 

BOARD 40X05914 REU.C 
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THC1200E1C AID Converter Schematic Diagram 

Note: The following components are NOT installed in the THC1200E1C or THC1201 E1C: 

OP400 

R17, R19, R21, R22, R23, R24, R25, R31, R32 

C19, C25,C26,C27 
C6 

+5V +5V +5V +15V 
C24 C10 

10 1 0.1 THC1200 THC1201 
C28 ~1:: ~~1: 
f ~ "' "' 0.1 0.1 0.1 

DIP swrrch (THC1201 only) ~· 
0.1 

-J~~ 

-5V 

R25 
100K 

Jumper Table 
THC1200 THC1201 THC1202 

J1 x 
J2 

J3 x x 
J4 x 
J5 x 
J6 x 
J7 x 
JB x 
J9 62CONV 
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THC1200E1C D/A Converter Schematic Diagram 
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Evaluation Board Pin Assignments Mating Connectors for THC1200E1 C 

GND A32 832 V-(-15V) AMP 532507-2 Wire-wrap 

GND A31 831 V+ (+15V) AMP 532507-1 Solder tail 
GND A30 830 N/e Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GND A29 829 N/e Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GND A28 828 D/A OUT+ 
GND A27 827 D/A OUT- Souriau 8609-264-6115-7550El Wire-wrap 

GND A26 826 N/e Souriau 8609-264-6114-7550El Solder tail 

GND A25 825 N/e Souriau 8609-264-6813-7550E 1 Solder tail, right-angle 

GND A24 824 D/A eLK bend 

GND A23 823 N/e 
GND A22 822 N/e 

D/A D1 MSB A21 821 A/D DJ MSB 
D/A D2 A20 820 A/D D2 
D/A D3 A19 819 A/D D3 

GND A18 818 Vee (+5V) 

D/A D4 A17 817 A/D D4 

D/A D5 A16 816 AID D5 
D/A Ds A15 815 AID Ds 
D/A D1 A14 814 AID D1 

D/A Ds A13 813 AID Ds 
D/A D9 A12 812 AID D9 

DIA D10 All 811 AID D10 

D/A D11 AlO 810 AID D11 
D/A 012 LSB A9 89 AID D12 LSB 

N/e AB 88 N/e 

N/e A7 87 N/e 

N/e AS 86 N/e 

N/e A5 85 N/e 
GND A4 84 N/e 
GND A3 83 N/e 
GND A2 82 AID eONV 
GND Al Bl VEE (-5.2V) 
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THC1200E1C Component Side Layout 

THC1200E1C Circuit Side Layout 

• •• • • ======::w ··~· • • •• • • -

• • 
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Ordering Information 

270 

Product 
Number Temperature Range Screening Package Marking 

THC1200S3B IND, Tc= -25 to 850C Industrial 46 Pin Hermetic Metal DIP THC1200S3B 
THC1200S3V EXT, Tc= -55 to 125oc MIL-STD-883 46 Pin Hermetic Metal DIP THC1200S3V 

THC1200E1C STD, TA= o to 1ooc - Eurocard PC Board THC1200E1C 

All parameters in this specification are guaranteed by design, characterization, sample testing, or 100% testing, as appropriate. TRW reserves the right to make 
changes to products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc.,. or others. 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such. use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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Complete High-Speed A/D Converter 
12-Bit, 10Msps 

The THC1201 is a complete 12-bit 10Msps IMega­
Samples Per Second) analog-to-digital converter that 
includes all the c1rcu1try required to digitize signals within 
a DC to 70MHz band. With its two-step architecture, the 
THC1201 achieves a very high conversion rate and 
superior performance. The device contains a wideband 
input amplifier, a precision track/hold, analog-to-digital 
quantizer, voltage reference, precision timing generator 
and registered three-state TTL output drivers. 

The THC1201 offers significant advantages over previous 
converter boards in space efficiency, ease of use, power 
dissipation, DC and AC performance, reliability and 
flexibility. 

Designed to meet demanding requirements, the THC1201 
is housed in a 46 pin hermetically sealed dual-in-line 
package. Specified performance is guaranteed over the 
industrial I- 25 to 85°C case) and extended I- 55 to 
125°C case) temperature ranges. Military-grade parts are 
in compliance with MIL-STD-883C and are manufactured 
in facilities certified and qualified to MIL-STD-1772. 

Interface Diagram 

TIMING 

Features 

• DC Tc ~ O~v1sps Cunve1siuri Rate 
• Analog Input Range Is ± 1.024V 
• Large-Signal Bandwidth> 70MHz 
• No Missing Codes, Guaranteed 
• SNR = 66dB At 10Msps With 2.3MHz Input, 

Guaranteed 
• TTL Compatible Input And Three-State Outputs 
• Available In A 46 Pin Hermetic Metal DIP 
• Evaluation Board ITHC1201 E1 C) Available 

Applications 

• Radar 
• Data Acquisition Systems 
• Digital Oscilloscopes 
• Medical Imaging 
• Communications 
• CCD Digitization 
• Transient Recorders 
• Forward-Looking lnfraRed Systems 
• Focal Plane Arrays 

REFERENCE 

12-BIT 
QUANTIZER 

..--------< OE 

OUTPUT 
REGISTER 

GENERATOR 1-------------~ 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone: (6191 457-1000 
FAX: (6191 455-6314 

21315A 
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Pin Assignments 

GND, CASE 0 0 46 ARTN 
DNC 0 0 45 AtN 

VccA 3 0 0 44 V+ 
DNC 4 0 0 43 V· 
DNC 0 0 42 VEEA 

VEEA 0 0 41 DNC 
ONC 7 0 0 40 DNC 
DNC 8 0 0 39 DNC 

D1 (MSB) 9 0 0 38 GNO 
o2 10 0 0 37 GNO 

03 11 0 0 36 ONC 

D4 12 0 0 35 GNO 
o5 13 0 0 34 GNO 
06 14 0 0 33 V· 
07 15 0 0 32 GNO 

08 16 0 0 31 VEEO 
09 17 0 0 30 VccA 

010 18 0 0 29 ONC 

011 19 0 0 28 ONC 
012 (LSB) 20 0 0 27 ONC 

Vcco 21 0 0 26 GNO 
GNO 22 0 0 25 OE 
GNO 23 0 0 24 CONV 

21316A 

46 Pin Hermetic Metal DIP - S3 Package 

Functional Description 

General Information 

The THC1201 is a complete 12-bit 1 OMsps A/D 
converter that features a wideband input amplifier, 
precision track/hold, voltage reference, timing circuitry 
and a three-state digital output register all housed in a 
46 pin hermetic metal DIP. The device uses a two-step 
analog-to-digital converter architecture and proprietary 
components to achieve a 1 OMsps conversion rate and 
superior performance. The THC1201 is guaranteed to 
meet all specifications without additional adjustment or 
calibration. Additional information on applying the 
THC1201 is found in the TRW LSI Products Inc. 
Application Note TP-45, "Designing with the THC1200 
AID Converter Family." 

Three-state TTL compatible outputs permit the THC1201 
to drive a shared data bus directly. Data emerges from 
the THC1201 synchronously with respect to CONV. The 
digital output corresponding to the sample of the analog 
input signal is valid after the rising edge CONV. The 
THC1201 provides a 12-bit straight binary digital output 
as indicated in the Output Coding Table. 
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Power and Ground 

The THC1201 requires four standard power supplies for 
operation: VccA=VccD= +5V, VEEA=VErn= -5.2V, 
V + = + 15V, and V- = -15V. Linear regulated power 
supplies are preferred over switching power supplies for 
optimum performance. All power supply inputs to the 
THC1201 should be properly decoupled. 

Separate analog and digital grounds are maintained 
within the the THC1201, but no distinction is made at 
the package pins. For optimum converter performance, all 
ground pins should be connected to a common solid 
ground plane. Wire-wrap breadboarding techniques are 
not recommended for use with this high-speed high­
precision analog-to-digital converters. Application Note 
TP-45, "Designing with the THC1200 AID Converter 
Family," is recommended for additional information on 
using the THC1201. 

Analog Input and Analog Input Return 

The input voltage range of the THC1201 is from 
-1.024V to + 1.024V. This results in a least significant 
bit weight of 0.5mV. A 1 kOhm thin-film resistor is con­
nected between AJN and ARTN and is provided for 
termination of analog input signals. 

ARTN is the internal ground reference point for internal 
analog circuitry and voltage references within the 
THC1201. In normal operation ARTN should be con­
nected to signal ground where the analog input signal 
connection is in close proximity to the THC1201. ARTN 
should also be connected to power supply ground. 

For applications where more dynamic range is required, 
the THC1200 is recommended. The THC1200 is similar 
to the THC1201 except that two user-selectable input 
voltage ranges are provided: ± 2.5V and ± 0.167V. 

CONV 
Each rising edge of the CONV signal initiates conversion 
(See Timing Diagram). The THC1201 operates inde­
pendently of the duty cycle of CONV as long as tpwH 
and tpwL limitations are not exceeded. 

CONV clock jitter, tcJ, must be minimized in order to 
optimize performance. Time errors in sampling a high 
slew rate (large t:.V/ t:.t) signal appear as voltage errors in 
the conversion. The high-speed and precision of the 
THC1201 may reveal system timing errors (jitter) that 
would not be apparent with lower resolution converters 
(see Application Note TP-45). 
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Data Outputs and Output Enable 

The 12 TTL compatible data outputs (01-12) provide 
straight binary data as shown in the Output Coding 
Table. The output data becomes valid to after the rising 
edge of CONV, and remains valid until tHo after the 
next rising edge of CONV. D 12 is the least significant 
bit. 

The output drivers become disabled lhigh-imoedancel 
within to1s after the asynchronous input OE is switched 

Package Interconnections 

Signal 
Type Function 

VccA Positive Analog Supply 

Vcco Positive Digital Supply 

VEEA Negative Analog Supply 

VEED Negative Digital Supply 

V+ Positive Supply 

V- Negative Supply 

GND Ground 

CDNV Convert Input 

A1N Analog Input 

A1NRTN Analog Input Return 

D1 IMSB) Most Significant Bit 

D2 

D3 

D4 

D5 

06 

D7 

08 

D9 

D10 

D11 
D12 ILSB) Least Significant Bit 

TIE Output Enable Control 

DNC Do Not Connect 

TRW LSI Products Inc. 

HIGH. The outputs are enabled within tENA after OE is 
switched LOW. 

Do Not Connect 

DNC pins are used in factory calibration and must remain 
unconnected. 

Value S3 Package Pins 

+5.0V 3, 30 

+5.0V 21 

-5.2V 6, 42 

-5.2V 31 

+15V 44 

-15V 33, 43 

o.ov 1, 22, 23, 26, 32, 35, 37' 38 

TTL 24 

± 1.024V 45 

o.ov 46 

TTL 9 

TTL 10 

TTL 11 

TTL 12 

TTL 13 

TTL 14 

TTL 15 

TTL 16 

TTL 17 

TTL 18 

TTL 19 

TTL 20 

TTL 25 

Open 2, 4, 5, 7, 8, 27, 28, 29, 36, 39, 40, 41 
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Output Coding Table 

Input Voltage Digital Outputs 
(Code Midpoint) MSB LSB 

+ 1.0240V 1111 1111 1111 
+ 1.0235V 1111 1111 1110 

+ 1.0230V 1111 1111 1101 

+0.0010V 1000 0000 0010 

+0.0005V 1000 0000 0001 
o.oooov 1000 0000 0000 

-0.0005V 0111 1111 1111 

-0.0010V 0111 1111 1110 

-1.0225V 0000 0000 0010 

-1.0230V 0000 0000 0001 
-1.0235V 0000 0000 0000 

Note: 1. LSB Step= 2.048/4095 = 0.50mV 

Figure 1. Timing Diagram 

SAMPLE SAMPLE SAMPLE SAMPLE 
N N + 1 N+2 N+3 
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CONV j \ I \ I \ I \__ 
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I I 

I I 
DATA m DATAN-2 }-- --< DATAN·1 m DATAN m DATAN+1 
OUTPUT 

~I l~tHO 
to1sB ~ 

21302A 
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Figure 2. Simplified Analog Input Equivalent Circuit Figure 3. Standard TTL Test Load 

Vee +5V 

LOAD1 
TEST LOAD 
FOR DELAY 
MEASUREMENTS 21199A 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 

Vee ..................................................................................................................................................................................... -0.5 to + 1.ov 
VEE ..................................................................................................................................................................................... - 7.0 to + 0.5V 
V + .................................................................................................................................................................................... -0.5 to + 18.0V 
V- .................................................................................................................................................................................... -18.0 to +0.5V 

Input Voltages 

A1N ........................................................................................................................................................................................... VEE to Vee 
CONV, OE ............................................................................................................................................................................ - 0.5V to V CC 

Outputs 

Digital outputs, applied voltage 2 .................................................................................................................................... -0.5V to Vee 
applied current 3 ................................................................................................................................................. lOOmA 

Short-circuit duration (single output to GNDJ ....................................................................................................................... 1 Second 

Temperature 

Operating, case .............................................................................................................................................................. -60 to + 130°C 
Lead, soldering (10 seconds) ...................................................................................................................................................... +300°C 
Storage ............................................................................................................................................................................ - 60 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating range. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the 
Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to the specified range. 

3. Forcing voltage must be limited to the specified range. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max 

ill Vee Positive Supply Voltage 4.7 5.0 5.3 

VEE Negative Supply Voltage -4.9 -5.2 -5.5 

V+ Positive Supply Voltage 11.4 12.0 16.5 

V- Negative Supply Voltage -11.4 -12.0 -16.5 

tpwH CONV Pulse Width, HIGH 30 

tpwL CONV Pulse Width, LOW 40 

Fs Conversion Rate 10 

tcJ CONV Clock Jitter 10 

V1H Input Voltage, Logic HIGH 2.0 

VIL Input Voltage, Logic LOW 0.8 

A1N Analog Input Range -1.024 + 1.024 

1oH Output Current, Logic HIGH -0.4 

10L Output Current, Logic LOW 4.0 

Tc Case Temperature, B-Grade -25 85 

Tc Case Temperature, V-Grade -55 125 

Electrical characteristics within specified operating conditions 

276 

Parameter Test Conditions 

Ice Total Vee Power Supply Current 

IEE Total VEE Power Supply Current 

I+ Total V + Power Supply Current 

I- Total V- Power Supply Current 

llL Input Current, Logic LOW 

llH Input Current, Logic HIGH 

Vol Output Voltage, Logic LOW 

VoH Output Voltage, Logic HIGH 

lozL Output Leakage Current, Logic LOW 

1ozH Output Leakage Current, Logic HIGH 

1os Short-Circuit Current 

R1N Analog Input Resistance 

C1N Input Capacitance 

Vos Offset Voltage 

VFP Full-Scale Positive Input 

VFN Full-Scale Negative Input 

Notes: 1. 1 second max, one pin shorted to ground. 

2. A1N at mid-scale code transition. 

CONV 

OE 

CONV 

OE 

loL =Max 

loH=Max 

OE=HIGH 

OE=HIGH 

Note 1 

ARTN to GND 
All Inputs 

Note 2 

Note 3 

Note 4 

Temperature Range 

Ind/Mil Industrial Military 
Typ Min Max Min Max 

525 650 650 

-460 -600 -600 

15 50 50 

-20 -50 -50 

350 350 

100 100 

-1.8 -2.8 -2.8 

-0.5 -0.8 -0.8 

0.2 0.5 0.5 

3.4 2.4 2.4 

±150 ±150 

± 150 ± 150 

-50 -30 -100 -30 -100 

1000 975 1025 975 1025 

10 10 

±25 ±25 

1.024 0.973 1.075 0.973 1.075 

-1.024 -0.973 -1.075 -0.973 -1.075 

3. AIN at 1 /2 LSB above most positive transition. 

4. AIN at 1 /2 LSB below most negative transition. 

TRW LSI Products Inc. 

Units 

v 
v 
v 
v 
ns 

ns 

Msps 

PSrms 

v 
v 
v 
mA 

mA 

oc 

oc 

Units 

mA 

mA 

mA 

mA 

'"A 

'"A 
mA 

mA 

v 
v 
l"A 

l"A 
mA 

Ohms 

pF 

mV 

v 
v 



THC1201 

Switching characteristics within specified operating conditions 

Temperature Range 

Ind/Mil Industrial Military 
Parameter Test Conditions Typ Min Max Min Max Units 

Fs Maximum Conversion Rate 10 10 Msps 

tsTD Sampling Time Offset -3.0 -6.0 0.0 -6.0 0.0 ns 

to Data Output Delay Time CLOAD = 50pF Max 20 50 50 ns 

1HO Data Output Hold Time CLOAD = 50[if"iiJfax- 19 5 5 ns 

tENA Output Enable Time CLOAD = 50pF Max 12 40 40 ns 

trns Output Disable Time CLOAD = 50pF Max 20 40 40 ns 

Thermal characteristics within specified operating conditions 

Parameter Max Units 

Lil Jc Junction-to-Case Temperature Rise !Worst Case Power Dissipation) 20 cc 

8cA Case-to-Ambient Thermal Resistance 

Still Air 10 °C/W 

500 LFPM Airflow 6 °C/W 

System performance characteristics within specified operating conditions 

Temperature Range 

Ind/Mil Industrial Military 
Parameter Test Conditions 1 Typ Min Max Min Max Units 

Eu Linearity Error, Integral Independent Based 1.6 ±3.0 ±3.0 LSB 

ELD Linearity Error, Differential F1N= lOOkHz 0.3 ±0.75 ±0.75 LSB 

SNR Signal-to-Noise Ratio F1N=540kHz 69.6 66.5 66.2 dB 

F1N=2.3MHz 69.4 66.0 66.0 dB 

F1N=5.0MHz 68.0 64.2 64.0 dB 

SINAD Signal-to-Noise- F1N=540kHz 67.0 60.2 57.2 dB 

and-Distortion Ratio F1N=2.3MHz 65.7 58.0 58.0 dB 

!Includes Noise and Distortion) F1N=5.0MHz 63.2 58.0 57.1 dB 

THO Total Harmonic Distortion F1N=540kHz -70.6 -61.0 -57.5 dBc 

F1N=2.3MHz -68.3 -58.3 -58.5 dBc 

F1N=5.0MHz -64.2 -58.6 -58.0 dBc 

SFDR Spurious-Free Dynamic Range FIN =540kHz 72.3 62.5 59.0 dB 

F1N=2.3MHz 71.0 59.2 59.2 dB 

F1N=5.0MHz 66.6 60.5 60.5 dB 

BW Analog - 3dB Bandwidth V1N=2Vp-p 70 70 MHz 

VIN= 0.2Vp-p 70 70 MHz 

EAP Aperture Jitter ±5 ±5 ps 

Note: 1. All tests conditions conducted at Fs=10Msps, Vcc=VEE=Nom. 
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System performance characteristics within specified operating conditions (cont.) 

Temperature Range 

Ind/Mil Industrial Military 
Parameter Test Conditions Typ Min Max Min Max Units 

SC Spurious Codes 0 0 Codes 

MC Missing Codes 0 0 Codes 

'TR Transient Response Time Full~Scale Transition 20 30 30 ns 

1DR Overload Recovery Time 1 00 % Overdrive 20 100 100 ns 

EG Gain Error 

Signal Definitions 

SNR (Signal-to-Noise Ratio) 

The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS level of the in-band noise. This 
noise is measured with the signal present and excludes 
harmonic distortion products. 

THD (Total Harmonic Distortion) 

The ratio, expressed in decibels, of the RMS sum of the 
first 10 harmonics of the output fundamental to the 
RMS level of the output fundamental. 

SINAD (Signal-to-Noise and Distortion Ratio) 

The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS sum of both the in-band noise 
and the RMS sum of the first 10 harmonics of the 
output fundamental. 

SFDR (Spurious-Free Dynamic Range) 

The ratio, expressed in decibels, of the RMS level of the 
output fundamental to the RMS level of the largest 
spurious signal. 

278 

±0.5 ±2 ±2 %FS 

IMD (Intermodulation Distortion) 

The ratio, expressed in decibels, of the largest output 
frequency spur to either of the two equal-level output 
fundamentals. 

tTR (Transient Response Time) 

The time required to begin returning accurate data after 
a full-scale input voltage step whose initial and final 
voltages are within the analog input range. trn is an 
analog domain parameter and excludes pipeline latency. 

toR (Overload Recovery Time) 

The time required to begin producing accurate data after 
the input voltage returns to the allowable range, fol­
lowing an excursion to 200 % of either full-scale limit. 
toR is an analog domain parameter and excludes 
pipeline latency. 
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Typical Performance Curves 

A. Typical Power Supply Current vs. Temperature 

525 

500 

l 475 
,_ 
z w ~ .... a: .. .,u 
a: 
::> 
() 

425 

400 

375 

350 
-50 ·25 0 +25 +50 +75 +100 +125 

CASE TEMPERATURE ('C) 21304A 

C. Typical Output Spectrum 

E 
-zo. 00 rf-----+--

~ 
-40. 00 ,_! __ --+_ 

HD 
_, 
. .::. -·78.2 

HD 3 -77.9 
HD 4 --86.3 
HD 5 -·84. 7 
HD 6 ·-92.3 
HD 7 -86.5 
HD 8 -88.9 
HD 9 -87.3 
HD 1.0 -91.. 6 
HD .t .1. = --90 • 6 
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8. Typical SINAD. SNR and Distortion vs. 
Analog Input Frequency Ifs= Fs = 1 OMSPSJ 

ANALOG INPUT FREQUENCY (MHz) 21305A 

SINAD = 
EB = 

THD(10)= 
SNR(40)= 

MAXHD(SFDR)= 
RANGE= 

FIN = 
FS = 

MAXCODE= 
MINCODE= 

66. 2 dE: 1
1 

10.7 bits 
11 73.5 dB ___. 

67.1 dB 
77 .9 dB I 
FS-0.98 dB 
505.3710 kHzl 
10.000 MSPS 
1832.5 
-1826.5 
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Figure 4. Typical Interface Circuit 

25 34 

REFERENCE 37 
22 
38 

~ n.~ 
AMPLIFIER 1------1 SUBRANGING 

QUANTIZER 1------v1 
OUTPUT 
REGISTER D 1·12 

6.BµF 6.8µF 

~ 'v 
+15V ·15V +5V 

Evaluation Board 

The THe1201 E1 e is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THe1201 A/D 
converter. The board dimensions are 1 OOmm x 160mm 
with a standard 64 pin double-row DIN male connector 
installed. A complementary 64 pin double-row DIN 
female connector is included with the board. 

The board employs only two conducting sides. Most of 
the circuit interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The circuitry on the board includes all 
power supply decoupling required for the THe1201, and 
a rne1012 12-bit D/A converter which may be used in 
evaluating certain parameters of the THe1201. Additional 
information on applying the THe1201 is found in Appli­
cation Note TP-45, "Designing with the THC1200 AID 
Converter Family." 

The THe1201 E1 e board has been designed to be used, 
not only for the THe1201, but also for the THe1200 and 
THe1202 AID converters. Therefore, the board has 
interconnect patterns for some circuitry that is not used 
by the THe1201. Jumpers J3, J4, J5, J7, JB and FT will 
be installed while all others are not. 
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1 
23 
26 
32 
35 

42 

6.8µF 6.8µF 

~ v 
·5.2V 21317A 

The board is calibrated and tested at the factory and is 
supplied complete with THe1201 and rne1012 installed. 

Power and Ground 

Four power supply voltages are required for the opera­
tion of the THe1201E1e: Vee= +5V, VEE= -5.2V, 
V + = + 15V and V- = -15V. All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

A/D Converter Inputs 

The clock to the THe1201, eONV, is normally brought 
onto the board by way of an SMA connector labeled 
"eONV" near pin 24 of the THe1201. A location for a 
terminating resistor, R20 is available on the board for 
terminating cables. eONV may be brought onto the 
board through the edge-connector pin 82 by installing 
jumper J9. 

The analog signal input to the THe1201. A1N is normally 
brought onto the board by way of an SMA connector 
labeled "A1N" near pin 45 of the THe1201. A resistor 
network, R13 through R16, is included on the board for 
terminating and attenuating the signal in user-determined 
impedances and losses. 
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A/D Converter Data Outputs and D/A Converter 
Data Inputs 

The 12 data outputs of the THC1201 are brought to 
edge-connector pins 89 through 821 (excluding 818). 
These pins are located directly across the edge-connector 
from the 12 data inputs of the TDC1012 D/A converter 
to simplify connection of A/D outputs to D/A inputs. 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled ''CLK" 
near pin 16 of the TDC1012. A location for a terminating 
resistor, RB is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge­
connector pin 824. 

THC1201 E1 C Silkscreen Layout 

D/A CONVERTER 

D•D 
TDC1012 l 

TRW LSI Products Inc. 

BOARD 40X05914 REU.C 

TRW LSI Products Inc. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge-connector 
pins 828 and 827. Load resistors of 51. 10 are provided 
on the board to facilitate 500 cable connection to the 
board. 

Potentiometer R11 is used to adjust the reference voltaqe l."­
to the TDC1012. This voltage is adjusted to -1.0V as 16Jllll 
part of the factory test and calibration procedure. 

Removing the jumper in the location labeled "FT" will 
put the TDC1012 into feedthrough (unclocked) mode. This 
eliminates the requirement for a D/A clock signal but will 
degrade the fidelity of the TDC1012 signal reconstruction. 

.;;;:; 

THC1202 

THC120011201 
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THC1201E1C Circuit Side Layout 
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THC1201 El C Eurocard Edgeconnector Pin out Mating Connectors for THC1201E1C 

GND A32 832 V- (-15V) 
AMP 532507-2 Wire-wrap 

GND A31 831 V+ (+15V) 
AMP 532507-1 Solder tail 

GND A30 830 NIC Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GND A29 829 NIC Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GND A28 828 DIA OUT+ 

Souriau 8609-264-6115-7550E1 Wire-wrap GND A27 827 DIA OUT-
GNO A26 826 NIC Souriau 8609-264-6114-7550E1 Solder tail 
GND A25 825 NIC Souriau 8609-264-6813-7550E1 Solder tail. GI GND A24 824 DIA CLK right-angle 
GND A23 823 NIC bend 
GND A22 822 NIC 

DIA D1 MSB A21 821 AID D1 MSB 
DIA D2 A20 820 AIO D2 

DIA D3 A19 819 AID D3 
GND A18 818 Vee l+5VJ 

DIA D4 A17 817 A/O D4 
DIA D5 A16 816 AID 05 
DIA D5 A15 815 AID D5 
DIA D1 A14 814 AID D1 
DIA D9 A13 813 AID D9 
DIA Dg A12 812 AID Dg 

DIA D10 A11 811 AID D10 
DIA Dn A10 810 AID D11 

DIA D12 LSB A9 89 A/O D12 LSB 
NIC AB BB NIC 
NIC A7 87 NIC 
NIC AS 86 NIC 
NIC AS 85 NIC 

GND A4 84 NIC 
GND A3 83 NIC 
GND A2 82 AID CONY 
GND A1 81 VEE (-5.2V) 
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Figure 5. THC1201E1C A/D Converter Schematic Diagram 

+5V 
Note: The following components are NOT installed in the THC1200E1C or THCt 20t EtC: 

OP400 

R17, Rt 9, R2t, R22, R23, R24, R25, R3t, R32 

Ct 9, C25,C26,C27 

DIP switch (THC120t only) 

·SV 

R25 
100K 

Jumper Table 

THe1200 THe1201 THe1202 

J1 x 
J2 

J3 x x 
J4 x 
JS x 
J6 x 
J7 x 
JS x 
J9 82eONV 
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e6 H. 
0.1 

3 (2) 
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24 (24) eONV 

45 (39) AIN 

R13 
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CY""o 
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6 (3, 7) 

C9 
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CB 
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·SV 
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THe1200 D1 MS8 
J3 821 
THe120XMS8 

D2 
10 (10) 

B20 

D3 
11(11) 

819 

D4 
12 (12) 

817 

THC1200 D5 
13 (13) 

816 
THC1201 D5 

14(14) 
815 

(THC1202) 15 (15) 
D7 814 

Ds 
16 (16) 

813 

Dg 
17 (17) 

B12 

D10 
18 (18) 

811 

D11 
19 (19) 
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D12 LS8 
20 (20) 

89 

ARTN 
46 

GND 
1, 23, 26, 32, 35 

GND 
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VEE VEE V· 
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10 10 10 

~· ~ 1} e21 
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Figure 6. THC1201E1C D/A Converter Schematic Diagram 
+5V 
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C1 2.21K 

831 )---+ +15V 
r 15 
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A19 03 R3 
51.1 
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Ordering Information 

Product Temperature Range 
Number 

THC1201S38 IND-Tc= -25°C to 85°C 

THC1201S3V EXT - Tc= - 55°C to 125°C 

THC1201E1C STD-TA =0°C to 70°C 

CONY 

824 
i-;..:;-------~~@CLK 16 

AGNO 

OGNO 

REF+ 
20 

REF· 

COMP 

C3 
0.1 

Screening 

Industrial 

MIL-STD-883 

--

R6 
T8D 

01 
LT1004CH 
1.2 

R10 
2.21K 

Package 

21312A 

46 Pin Hermetic Metal DIP 

46 Pin Hermetic Metal DIP 

Eurocard Format Board with 

Industrial Grade AID Converter 

Package 
Marking 

1201S38 
1201S3V 

THC1201E1C 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Complete High-Speed A/D 
Converter 
12-Bit. 10Msps 

The THC1202 is a ccmp!etc 12-b:t 10~v~sps ana!og-to­
digital converter that includes all the circuitry required to 
digitize signals within a DC to 70MHz band. With its 
subranging two-step architecture, the THC1202 achieves 
a very high conversion rate and superior performance. 
The device contains a wideband input amplifier, a 
precision track-and-hold, an analog-to-digital quantizer, a 
voltage reference, a precision timing generator and 
registered three-state TTL output drivers for simplified 
system interface. 

The THC1202 offers significant advantages over previous 
converter boards in space efficiency, ease of use, power 
dissipation, DC and AC performance, and reliability. Since 
the THC1202 is a complete 12-bit AID converter, it 
reduces system assembly and final test costs. 

Designed to meet demanding requirements, the THC1202 
is housed in a hermetic 40 pin DIP. Specified perfor­
mance is guaranteed over the industrial I- 25 to 85°C 
case) and extended (- 55 to 125°C case) temperature 
ranges. Military-grade parts comply with MIL-STD-883C 
and are manufactured in facilities certified and qualified 
to MIL-STD-1772. 

Functional Block Diagram 

II~·· 
Features 

• Conversion Rate DC To 1 OMsps 
• Large-Signal Bandwidth >70MHz 
• No Missing Codes, Guaranteed 
• 4.5W Typical Power Dissipation 
• + 5V, - 5.2V And + 15V Power Supplies 
• SNR = 67dB At 10Msps With 5MHz Input 
• Analog Input Range -1V To + 1V Or 2Vp-p Within 

- 2V to + 2V Window 
• Gain And Offset Internally Trimmed And Externally 

Adjustable 
• TTL Compatible Input And Three-State Outputs 
• 40 Pin 1.1" Wide Hermetic Ceramic DIP 
• Evaluation Board ITHC1202E1 C) Available 

Applications 

• Radar 
• Digital Oscilloscopes 
• Medical Imaging 
• Communications 
• CCD Digitization 
• Transient Recorders 
• Forward-Looking lnfraRed Systems 
• Focal Plane Arrays 

OE >-------------------------~ 

CONV >-------91 

GAIN ADJ >-------. 

AIN ~-~ 

OFFSET ADJ >---~ 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

12·BIT 
SUBRANGING 
QUANTIZER 

LATCHED 
OUTPUT 
BUFFER 

·2.0V 
--------------- REFOUT 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 

21325A 
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Pin Assignments 

GNO 1 40 GNO 

Vee 2 39 A1N 

VEE 3 38 GNO 

T/H OUT 4 37 ONe 

ONC 5 36 OFFSET 

GNO 6 35 REF 

VEE 7 34 V+ 

0, (MSB) 8 33 GAINAOJ 

01 (MSB) 9 32 VEE 
o2 10 31 VEE 

03 11 30 GNO 

03 12 29 Vee 
04 13 28 ONC 

05 14 27 ONe 

07 15 2s Vee 
09 16 25 ae 
o9 17 24 eONV 

010 18 23 GNO 

011 19 22 v0e 
012 (LSB) 20 21 GNO 

40 Pin Hermetic Ceramic DIP - S6 Package 

Functional Description 

General Information 

The THC1202 is a complete 12-bit 10Msps AID 
converter that features an input amplifier, track­
and-hold (T/H), precision voltage reference, timing 
circuitry and a three-state digital output register in a 
40 pin hermetic ceramic DIP. The device uses a sub­
ranging architecture and proprietary components 
to achieve 10Msps Nyquist sampling. 

The laser-trimmed THC1202 is guaranteed to meet data 
sheet specifications without additional adjustment or 
calibration. The GAIN ADJust pin may be used to vary 
the analog input range between 1.8 and 2.2Vp-p, and 
the OFFSET ADJ pin may be used to shift this range 
anywhere within a - 2V to + 2V overall limit. As 
indicated in the Output Coding Table, the THC1202 
provides 12-bit offset binary (using the non-inverted MSB 
output) or two's complement (using the inverted MSB 
output) digital outputs. 

Three-statE:J TTL compatible outputs permit the THC1202 
to drive a shared data bus directly. At the output pins,. 
the digital equivalent of the sample taken at tsTO after 
CONVert rising edge N is valid from to after CONVert 
rising edge N + 2 until tHO after CONVert rising edge 
N + 3. (See the Timing Diagram.) 
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Power 

The THC1202 requires Vee= +5V, VEE= -5.2V and 
V + = + 15V power supplies, preferably from linearly 
regulated (as opposed to switching) power supplies. All 
power supply lines should be properly decoupled. 

Grounds 

The layout of system grounding is as important as the 
layout of any other signal path. Separate analog and 
digital grounds are maintained within the THC1202 but 
no distinction is made at the package pins. For optimal 
converter performance, all ground pins should be 
connected to a common low-noise solid ground plane. 
Wire-wrap is not recommended for· use with any high­
speed high-precision analog circuit. 

Reference Output (Pin 35) 

The REFerence OUTput pin is the precision internal 
- 2.000V reference. This pin can drive a 10000 load 
(2mA) directly without affecting the THC1202's 
performance. 

Analog Input (Pin 39) 

The Analog Input pin (A1Nl has a minimum input 
resistance of 100k0 and a maximum input capacitance of 
10pF (Figure 2 ). The input amplifier's -3dB bandwidth 
of 70MHz minimizes phase distortion. The proprietary 
track-and-hold has a typical aperture jitter of 5ps. The 
input voltage range is -1V to + 1V with no offset 
applied (OFFSET ADJ pin grounded) and may be offset to 
cover any 2Vp-p range in a + 2V to - 2V window. See 
the OFFSET section. Great care must be paid to circuit 
board layout to prevent the digital signals, which are 
high-amplitude fast-risetime wave-forms, from corrupting 
the analog signal paths. 

Offset Adjustment (Pin 36) 

The OFFSET ADJust pin allows the 2.0Vp-p input range 
to be shifted anywhere within a - 2.0V to + 2.0V win­
dow. If unused, the pin MUST be grounded, leaving the 
analog input range at -1.0V to + 1.0V. A + 2.0V or 
- 2.0V DC input will shift the input range by ± 1.0V, 
providing a unipolar input. If OFFSET ADJ is connected 
to REF OUT (- 2.0V), the input range is - 2.0V to O.OV. 
If OFFSET ADJ is connected to + 2.0V, as shown in 
Figure 4, the input range is O.OV to + 2.0V. The 
performance of the THC1202 is specified with OFFSET 
ADJ grounded. Input impedance at this pin is 
5000 ± 1 ODO to ground. 
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Gain Adjustment (Pin 33) 

The full-scale peak-to-peak analog input range may be 
adjusted up to ± 10% by using the GAIN ADJust pin. If 
unused, GAIN ADJ MUST be grounded and the full-scale 
analog input range will be 2.0Vp-p. (The performance of 
the THC1202 is specified with GAIN ADJ grounded.) 

If GAIN ADJ is connected to REF OUT (- 2.0V), the 
input range is compressed to 1 8Vp-p, and the system 
gain is correspondingly increased. If GAi N ADJust is 
connected to + 2.0V, the input range is expanded to 
2.2Vp-p, and the system gain is correspondingly reduced. 
A simple circuit that allows continuous adjustment of the 
input range using the THC1202's internal reference is 
shown in Figure 4. If the maximum offset is used (giving 
a OV to + 2.0V or - 2.0V to OV range) and the largest 
peak-to-peak input range is selected, the allowable input 
range becomes -0.1V to 2.1V or -2.1V to +0.1V 
Input impedance at this pin is 87000. 

Convert (Pin 24) 

Each rising edge of the CONVert signal initiates 
conversion (Figure 1), which is independent of the 
CONVert duty cycle (within the limits allowed by 
minimum tpwH and tpwL). Failure to observe the 
minimum tpwL specification will reduce SNR, since the 
T/H will not have adequate time to acquire the analog 
input signal to 12-bit accuracy. CONVert clock jitter, tcJ, 
must be less than 10ps. A crystal oscillator or high 
performance synthesizer (e.g., HP8662) triggering a pulse 
generator can supply the necessary CONVert signal. High 
frequency performance of any AID may suffer if the 
clock signal has excess jitter. Time errors in sampling a 
high slew rate (large ~Vi M) signal appear as voltage 
errors in the digital datastream. The high-speed and 
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precision of the THC1202 may show system timing errors 
(jitter) that were not apparent with lower resolution 
converters. 

T/H Output (Pin 4) 

The T/H OUTput pin, used by the manufacturer for cali-
bration, is not recommended for other uses. Any noise or l."­
loaJi11y i11[1uuuLeu here wiii ciegracie the dynamic perfor- ~ 
mance of the converter. 

Output Enable (Pin 25) 

The output drivers become disabled (high-impedance) 
within to1s after the asynchronous input OE is brought 
HIGH, and are enabled within tENA after OE is brought 
LOW OE MUST be grounded if unused. 

Data (Pins 8 through 20) 

The 13 data output pins (D 1-12· 011 are TTL compatible. 
D 1-12 provide offset binary data, whereas connecting 01 
instead of D 1 yields two's complement data. Each new 
output becomes valid to after the rising edge of 
CONVert, and remains valid until tHo after the next 
rising edge of CONVert. 

Do Not Connect (Pins 5, 27, 28, and 37) 

These pins used in factory calibration must remain 
unconnected (open). 

Unused Functions 

D 1 or 01 and REF OUT should be left open if unused. 
OE, GAIN ADJ and OFFSET ADJ should be connected to 
ground tt unused. 
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Package Interconnections 

Name Function Value S& Package Pins 

Vee Positive Supply Voltage +5.0V 2, 22, 26, 29 

VEE Negative Supply Voltage -5.2V 3, 7, 31, 32 
V+ Positive Supply Voltage +15V 34 

GN9 Ground o.ov 1, 6, 21, 23, 30, 38, 40 

T/H OUT Track and Hold Output See Text 4 
REF'OUT Reference Output -2.000V 35 

GAIN ADJ Gain Adjust Input -2V to +2V 33 
OFFSET ADJ Offset Adjust Input -2V to +2V 36 
CONV Convert (Clock) Input TIL 24 

A1N Analog Input 2Vp-p, See Text 39 

Dl (MSB) Most Significant Bit Output TIL 8 
Dl (MSB) Most Significant Bit Output TTL 9 

Dz TIL 10 

D3 TIL 11 

D4 TIL 12 

D5 TTL 13 

Ds TTL 14 

D1 TTL 15 

D9 TTL 16 

D9 TTL 17 

D10 TTL 18 

D11 TIL 19 

D12 Least Significant Bit Output TIL 20 

OE Output Enable Control TIL 25 

DNC Do Not Connect Open 5, 27, 28, 37 

Output Coding Table 

Input Voltage Offset Binary Two's Complement 
Midpoint MSB LSB MSB 

+0.9995V 1111 1111 1111 0111 1111 
+0.9990V 1111 1111 1110 0111 1111 

• • • 
+0.0005V 1000 0000 0001 0000 0000 

o.oooov 1000 0000 0000 0000 0000 
-0.0005V 0111 1111 1111 1111 1111 . • • 
-0.9990V 0000 0000 0010 1000 0000 
-0.9995V 0000 0000 0001 1000 0000 
-1.0000V 0000 0000 0000 1000 0000 

Notes: 1. Step size=l LSB=0.488mV=0.0244%FS. 

2. Analog input range shown off-center by -0.244mV 11/2 LSBJ to accommodate two's complement asymmetry 12047 positive steps, 
2048 negative steps). 
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Output Coding vs. Input Voltage 

(BINARY) 

1111 1111 1111 

1111 1111 1110 

• • • 
1000 0000 0010 

1000 0000 0001 

-1.000V 

DIGITAL 
OUTPUT 

+ 
-244.2µV 

/ 

/ 

/ 

/OFFSET -->­
ERROR 

/ 

1000 0000 0000 --1----~,,,_ _______ ...._ _____ ,,__ ___ +--- ANALOG 
INPUT 

0111 1111 1111 

0111 1111 1110 

• • • 
0000 0000 0001 

0000 0000 0000 ___ ... 

/ 

Figure 1. Timing Diagram 
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ERROR 
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N+1 N+2 N+3 

ANAL±'STO -1--l.__ __ l_ 
~ rtcJ INPUT ~ ~s ~1,.•_t_p_w_H_• ... I• tpwL •I 

CONV j \ I } ;---, 
~ I 

-rt- \__ 
8~1~uT-~xxx ...... ..,..--o-A_T_A_N--2---...~ 

1~tHoto1sB 
OE _.I _______ .,, 
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~rDA_T_A_N_-~1xxx ...... ,.......----D-A_T_A_N------~xxxlr"'ll'TD-A-TA--N-+1 
r----->1 1ENA 
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Figure 2. Simplified Analog Input Equivalent Circuit 

A1N n--e--J\ 

spFl 

+5V 

100KO 

-5.2V 

(IDEAL) 

21329A 

Figure 4. Optional Gain and/or Offset Adjust Circuit 

10k0 

THe1202 

GAINADJ 2 

OFFSET ADJ 3 
36 i----_,__-c;;.. 
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Figure 3. Standard TTL Test Load 

+Vee 

8100 

TO 
OUTPUT 0--+-___ ___. 

PIN 

40pF 1N3062 

LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS 

21199A 

+2.0V 

Notes: 1. Select values to provide desired range 
of adjustment. 

2. ±2V@ GAIN ADJ (pin 33) results in a ±10% 
gain change. 

3. ±2V @ OFFSET ADJ (pin 36) results in a 
±1 V offset variation. 

4. Op Amp is PMI OP-400 or other quad 
low noise, low offset device. 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 
Vee .................... ........................ . ............................................................................................... -0.5 to + 7.ov 
VEE .................................................................................................................................................................................... - 7.0 to + 0.5V 

V + ................................................................................................................................................................................... -0.5 to + 18.0V 

Input Voltages 

A1N ................ ····················································································································· ................................................... VEE to Vee 
CONV, OE.......... . ................................................................................................. ····················· ············· -0.5V to Vee 

Outputs 
Digital outputs, applied voltage 2 ................................................................................................................................... -0.5V to Vee 

Digital outputs, applied current 3 ................................................................................................................................................ 1 OOmA 

Short-circuit duration !single output to ground) ................................................................................................................... 1 Second 

Temperature 
Operating, case .............................................................................................................................................................. - 60 to + 130°C 

Lead, soldering 110 seconds) ..................................................................................................................................................... + 300°C 

Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: 1 Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

Operating conditions 

Temperature Range 

Industrial Military 
Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage 4.5 5.0 5.5 4.5 5.0 5.5 v 
VEE Negative Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
V+ Positive Supply Voltage 13.5 15.0 16.5 13.5 15.0 16.5 v 

tpwH CONV Pulse Width HIGH 30 30 ns 

tpwL CONV Pulse Width LOW 30 30 ns 

Fs Conversion Rate 0 10 0 10 Msps 

tcJ CONVert Clock Jitter 10 10 PSrms 

V1L Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

IREF Reference Output Current 0 2.0 0 2.0 mA 

A1N Analog Input Range -1.0 +1.0 -1.0 + 1.0 v 
Tc Case Temperature -25 85 -55 125 oc 
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Electrical characteristics within specified operating conditions at nominal supply voltages 

Temperature Range 

Parameter Test Conditions Typ Limits (Min or Max) Units 

Tc Case Temperature Industrial +25 -25 +25 +85 ·c 
Military -55 +25 +125 ·c 

1cc Positive Supply Current 1 OMsps, No Load 500 640 600 560 mA 

IEE Negative Supply Current 1 OMsps, No Load 440 700 630 550 mA 

I+ V + Supply Current 1 OMsps, No Load 21 30 30 30 mA 

Po Power Dissipation 1 OMsps, No Load 4.5 w 

Vos Offset Voltage Error Note 1 3.4 30 10 12 mV 

EGAIN Gain Error Note 1 0.3 2.7 1.0 1.5 %FS 

EREF Reference Voltage Error Variation of REF OUT 

from 2.000V 2 10 10 10 mV 

R1N Analog Input Resistance 150 50 85 85 kOhms 

GIN Analog Input Capacitance 3.5 5.5 5.5 5.5 pF 

Is Input Bias Current 10 45 25 35 µA 

l1H Digital Input Current Logic HIGH 80 350 350 350 µA 

Ill Digital Input Current Logic LOW -1.9 -2.8 -2.8 -2.8 mA 

VoH Digital Output Voltage Logic HIGH, loH = -1 mA 3.2 2.4 2.4 2.4 v 
Vol Digital Output Voltage Logic LOW, loL=4mA 0.2 0.5 0.5 0.5 v 
lozH Digital Output Leakage Current Logic HIGH, OE= HIGH 5 150 150 150 µA 

lozL Digital Output Leakage Current Logic LOW, OE= HIGH 5 150 150 150 µA 

los Short-Circuit Output Current Digital Outputs -100 -100 -100 mA 

Note: 1. GAIN ADJ and OFFSET ADJ pins grounded. 

Switching characteristics within specified operating conditions 

Temperature Range 

Parameter Test Conditions Typ Limits (Min or Max) Units 

Tc Case Temperature Industrial +25 -25 +25 +85 ·c 
Military -55 +25 +125 ·c 

1sTD Sampling Time Offset 1.2 3.0 2.5 3.0 ns 

to Data Output Delay Standard TTL Test Load, Figure 4 25 35 35 35 ns 

tHo Data Output Hold Time Standard TTL Test Load, Figure 4 15 10 10 10 ns 

tENA Output Enable Delay 16 30 30 30 ns 

to1s Output Disable Delay 45 60 60 60 ns 

Ip Pipeline Latency 2 2 2 2 Cycles 
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System performance characteristics within specified operating conditions 

Temperature Range 

Parameter Test Conditions Typ Limits (Min or Max) 

Tc 

Eu 

ELD 

TCo 

TCG 

TC1B 

SNR 

SINAD 

THD 

IMD 

SFDR 

EFB 

BW 

BWss 

EAP 

SR 

tTR 

toR 

SPC 

MC 

Notes: 

Case Temperature Industrial +25 -25 +25 
Military -55 +25 

Linearity Error, Integral Note 1 1.2 4.0 4.0 
Linearity Error, Differential 0.35 1.0 1.0 

Offset Error, Note 5 300 
Temperature Coefficient 

Gain Error, Note 5 .035 

Temperature Coefficient 
Input Bias Current, 100 250 

Temperature Coefficient 

Signal-to-Noise Ratio Fs= lOMsps, 

A1N=404kHz 67.5 64.5 65 

A1N = 4.996MHz 66.6 63.5 65 

Signal-to-Noise and Note 2, 

Distortion A1N=404kHz 65 59 61 

A1N = 4.996MHz 62 57 59 

Total Harmonic Distortion Note 2, 

A1N=404kHz -71.2 -60 -63 

A1N=4.996MHz -64.6 -58 -60 

Intermodulation Distortion Note 3 -69.4 

Spurious Free Dynamic Note 2, 

Range A1N=404kHz 74.2 60.5 64 

A1N=4.996MHz 66.8 59 61.5 

Effective Bits Fs= lOMsps, 

A1N=404kHz 10.50 9.50 9.84 

A1N=4.996MHz 10.00 9.17 9.50 

Large Signal Bandwidth V1N=2Vp-p 65 45 45 

Small Signal Bandwidth V1N=0.5Vp-p 70 50 50 

Aperture Error 4.5 7.0 6.0 

Slew Rate 300 250 250 

Transient Response Note 4 10 

Overload Recovery 100 % Overrange 26 38 38 

Spurious Codes 0 0 0 

Missing Codes 0 0 0 

1 Fs = 1 OMsps, AIN = 1 OOkHz. 

2. Fs = 1 OMsps, 1 dB below full-scale. 

3. 
4. 

Fs=B.006Msps, AiN=Z.20+2.49MHz. Each fundamental 7dB below full-scale, summed signal 1dB below full-scale. 

v1N =full-scale step. 

5. GAIN ADJ and OFFSET ADJ pins grounded. 
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1.0 
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.010 

100 
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61 

56.5 

-63 
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64 

60 

9.84 

9.09 

45 

50 

6.0 

230 

38 

0 
0 

Units 

oc 
oc 
LSB 

LSB 

µ.V/°C 

%FS/°C 

µ.A/°C 

dB 

dB 

dB 

dB 

dB 

dB 
dB 

dB 

dB 

Bits 

Bits 

MHz 

MHz 

P5rms 

V/µs 

ns 

ns 

Codes 

Codes 
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Thermal characteristics 

Parameter Max Units 

~TJc Junction-to~Case Temperature Rise (Worst Case Power Dissipation) 20 oc 

ecA Case-to-Amllient Thermal Resistance 
Still Air 
500 LFPM Airflow 

Definitions 

SNR (Signal-to-Noise (SIN) Ratio) 

The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS level of the in-band noise. This 
noise is measured with the signal present, and excludes 
harmonic distortion products. 

THO (Total Harmonic Distortion) 

The ratio, expressed in decibels, of the RMS sum of the 
first 10 harmonics of the output fundamental to the 
RMS level of the output fundamental. 

SINAD (Signal-to-Noise and Distortion (S/(N +DJ) 
Ratio) 

The ratio, expressed in decibels, of the RMS level of the 
output signal to the RMS sum of both the in-band noise 
and the RMS sum of the first 10 harmonics of the 
output fundamental. 

SFDR (Spurious Free Dynamic Range; also SFSR, 
Spurious Free Signal Range) 

The ratio, expressed in decibels, of the RMS level of the 
output fundamental to the RMS level of the largest 
spurious signal. 

EFB (Effective Bits) 

The hypothetical number of bits possessed by a perfect 
AID converter whose performance equals that of the 
converter under test with the signal and at the 

296 

16 °CIW 
7 °CIW 

conditions specified. EFB is computed directly from 
SINAD with the formula: 

EFB = (SINAD-1.76dB)/6.02dB 

and thetefore can have any fractional value and varies 
with input frequency and other conditions. For a theoreti­
cally perfect 12-bit AID converter driven to full-scale at 
the Nyquist frequency, SINAD = 74dB and EFB = 12.00. 

IMO (Two-Tone Intermodulation Distortion) 

The ratio, expressed in decibels, of the largest output 
frequency spur to either of the two equal-level output 
fundamentals. 

tTR (Transient Response Time) 

The time required to begin returning accurate data after 
a full-scale input voltage step whose initial and final 
voltages are within the analog input range. trn is an 
analog domain parameter and excludes pipeline latency. 

toR (Overload Recovery Time) 

The time required to begin producing accurate data after 
the input voltage returns to the allowable range, 
following an excursion to 200% of either full-scale limit. 
toR is an analog domain parameter and excludes pipeline 
latency. 
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Typical Performance Curves 

A. Typical Power Supply Current vs. Temperature B. Typical SINAD, SNR and Distortion 
vs. Analog Input Frequency (10Msps) 
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C. Typical Output Spectrum 
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Figure 5. Typical Interface Circuit 
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19 
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25 
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Evaluation Board 

The THC1202E1 C is a Eurocard-style printed circuit board 
designed to aid in the evaluation of the THC1202 AID 
converter. The board dimensions are 100mm x 160mm 
with a standard 64 pin double-row DIN male connector 
installed. A complementary 64 pin double-row DIN 
female connector is included with the board. 

The board employs only two conducting sides. Most of 
the c1rcu1t interconnections are on the bottom of the 
board while the top is mostly solid ground plane. SMA 
connectors are installed on the board to facilitate analog 
1/0 and clocks. The circuitry on the board includes all 
power supply decoupling required for the THC1202, and 
a TDC1012 12-bit D/A converter which may be used in 
evaluating certain parameters of the THC1202. 

The THC1202E1 C board has been designed to be used, 
not only for the THC1202, but also for the THC1200 and 
THC1201 AID converters. Therefore, the board has 
interconnect patterns for some circuitry that is not used 
by the THC1202. Jumpers J3 and FT will be installed, 
while all others are not. 

The board is calibrated and tested at the factory and is 
supplied complete with THC1202 and TDC1012 installed. 

Power and Ground 

Four power supply voltages are required for the 
operation of the THC1202E1 C: Vee=+ 5V, VEE= - 5 2V. 
V + = + 15V and V- = -15V All power inputs are 
decoupled to a single solid ground plane, GND. All GND 
pins of the board are connected to the ground plane and 
it is recommended that all GND pins be used. 

A/D Converter Inputs 

The clock to the THC1202, CONV, is normally brought 
onto the board by way of an SMA connector labeled 
"CONV" near pin 24 of the THC1202. A location for a 
terminating resistor, R20, is available on the board for 
terminating clock cables. CONV may be brought onto the 
board through the edge connector pin 82 by installing 
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jumper J9. The DIP switch controls N and RANGE, 
which are both pulled HIGH when the switches are 
open. 

The analog signal input to the THC1202, A1N is normally 
brought onto the board by way of an SMA connector 
labeled "A1N" near pin 45 of the THC1202. A resistor 
network, R13 through R16, is included on the board for l.'-ill 
terminating and attenuating the signal in user-determined 1.j.Jlll 
impedances and losses. 

AID Converter Data Outputs and D/A Converter 
Data Inputs 

The 12 data outputs of the THC1202 are brought to 
edge connector pins 89 through 821 !excluding 818). 
These pins are located directly across the edge connector 
from the 12 data inputs of the TDC1020 D/A converter 
to simplify connection of AID outputs to D/A inputs. 

D/A Converter Inputs 

The clock to the TDC1012, CLK, is normally brought onto 
the board through an SMA connector labeled "CLK" 
near pin 16 of the TDC1012. A location for a terminating 
resistor, R6 is provided for clock cable termination. The 
clock input to the TDC1012 is also brought to the edge 
connector pin 824. 

D/A converter outputs are brought to SMA connectors 
labeled OUT+ and OUT- as well as edge-connector 
pins 828 and 827. Load resistors of 51.1 n are provided 
on the board to facilitate 500 cable connection to the 
board. 

Potentiometer R11 is used to adjust the reference voltage 
to the TDC1012. This voltage is adjusted to -1.0V as 
part of the factory test and calibration procedure. 

Removing the jumper in the location labeled "FT" will 
put the TDC1012 into feedthrough lunclocked) mode. This 
eliminates the requirement for a D/A clock signal, but 
will degrade the fidelity of the TDC1012 reconstruction. 
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THC1202E1C Silkscreen Layout 

D/A CONIJERTER 

oao 
TDC1012 l 

"' 
TRW LSI Products Inc. 

BOARD 40X05914 REU.C 

THC1202E1C Component Side Layout 
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THC1202E1C Circuit Side Layout 

• r--;:::====:::::;.~.~ • • 
··~· •• 

I 
I 
• 

THC1202E1C Eurocard Edge Connector Pinout Mating Connectors for THC1202E1C 

GND A32 832 V- (-15V) AMP 532507-2 Wire-wrap 
GND A31 831 V+ (+15V) AMP 532507-1 Solder tail 
GND A30 830 NC 
GND A29 829 NC Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap 
GND A28 828 D/A DUT+ Robinson-Nugent RNE-64BS-S-TG30 Solder tail 
GND A27 827 D/A OUT-
GND A26 826 NC Souriau 8609-264-6115-7 550E1 Wire-wrap 
GND A25 825 NC Souriau 8609-264-6114-7 550E1 Solder tail GND A24 824 D/A CLK 
GND A23 823 NC Souriau 8609-264-6813-7550E1 Solder tail, 
GND A22 822 NC right-angle 

D/A 01 MS8 A21 821 AID D1 MS8 bend 
D/A D2 A20 820 AID D2 
D/A D3 A19 819 A/D 03 

GND A18 818 Vee 1+sv1 
D/A 04 A17 817 A/D 04 
D/A 05 A16 816 AID 05 
D/A 06 A15 815 A/D 06 
D/A D7 A14 814 A/D 07 
D/A D9 A13 813 AID 09 
D/A D9 A12 812 A/D 09 

D/A D10 A11 811 A/D D10 
D/A 011 A10 810 AID 011 

D/A D12 LS8 A9 89 A/D D12 LS8 
NC AS 88 NC 
NC A7 87 NC 
NC A6 86 NC 
NC AS 85 NC 

GND A4 84 NC 
GND A3 83 NC 
GND A2 82 AID CONV 
GND Al 81 VEE (-5.2V) 
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Figure 6. THC1202E1C A/D Converter Schematic Diagram 
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.SY 

302 

21 30 (22, 28, 29) 

Yee Yee 

THC•.:;~ MS8 ~ ~r. 
THC1201/1202 o1 MS8 : (9) ,-, 

J3 821 
THC1200 D1 MS8 THCl20X MS8 

THC1200 
THC1201 

(THC1202) 

VEE VEE 

42 (31, 32) 31 

C14 C22 
10 10 

~· IT: 
C21 

1 0.1 

C16 
0.1 .SY .SY 

02 10(10) 

11(11) 
D3 

D4 

Ds 

D5 

D7 

Da 
Dg 

D10 

D11 

o12 LSB 

12 (12) 

13 (13) 

14(14 

15 (1S) 

16(16) 

17 (17) 

18 (18) 

19(19) 

20 (20) 

46 
ARTN i--------. 

GND t--1, _23_, 2_6,_32_, 3_S --, 

GND (1, 6, 21, 23, 30, 38, 40) 

V· 

43, 33 

C12 
10 

1} .1 

C20 
0.1 

819 

817 

816 

815 

814 

813 

812 

811 

810 

89 

·15V 21311A 
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THC1202 

Figure 7. THC1202E1C D/A Converter Schematic Diagram 

+SV 
RS 

C1 2.21K FT 

r ,.... 
15 °V 

831 ~ +15V 
D MS8 Vee 818 ~ +5V A21 1 FT 828 

A1·A4,~ A20 02 OUT+ OUT+ 
A17·A32 

A19 03 R3 
51.1 

91~·5V A17 D4 

832~·15V A16 05 
R1 

b: 51.1 
A15 05 TOC1012 OUT· 

A14 07 827 

A13 De 824 

A12 Og CONY 
16 

@CLK 

A11 010 AGNO R6 
T8D 

A10 011 DGND 

A9 012 LS8 REF+ 
20 

01 
LT1004CH 

REF· 1.2 
VEE COMP 

C3 R10 

0.1 
2.21K 

C2 

10; 21312A 

Ordering Information 

Product Package 
Number Temperature Range Screening Package Marking 

THC1202S68 IND-Tc= -25°C to 85°C Industrial 40 Pin Hermetic Ceramic DIP THC1202S6B 

THC1202S6V EXT-Tc= -55°C to 125°C MIL-STD-883 40 Pin Hermetic Ceramic DIP THC1202S6V 

THC1202E1C STD-TA=0°C to 70°C -- Eurocard Format Board with THC1202E1C 
Industrial Grade AID Converter 

All parameters in this specification are guaranteed by design, characteri2ation, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC1241 

Self-Calibrating 12-Bit Plus Sign µ,P-Compatible A/D Converter with 
Track-and-Hold 

TRW's TMC1241 is a CMOS successive approximation 
analog-to-digital converter with 13-bit resolution. The 
outstanding pertormance ot the TMC1241 1s the result 
of self-calibration, which reduces linearity and full-scale 
errors to less than ± 1 /2 LSB and offset error to less 
than ± 1 LSB. The TMC1241 performs an Auto-Zero 
function that minimizes offset error. The Auto-Zero 
function can be performed as needed or prior to every 
AID conversion. 

The TMC1241 includes a track/hold input stage for 
sampling the analog input signal. Both unipolar and 
bipolar analog input voltage ranges (0 to + 5 and ± 5V) 
are accommodated. The TMC1241 requires only two 
power supplies, ± 5V 

The TMC1241's two's complement output data format 
uses the 13th bit to indicate the polarity of the input 
signal. Digital inputs and outputs are compatible with TTL 
or CMOS logic levels and have microprocessor interface 
features. 

Functional Block Diagram 

CORRECTION 
DAC 

VREF >----1--------1----

cs 
WR 

RD 

CAL 

AZ 

CLKIN 

CONTROL 
LOGIC 

TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 

MAIN 
DAC 

Features 

• Internal Track/Hold 
• Conversion Time 13flS, Maximum 
• Auto-Calibration And Auto-Zero Cycles 
• Linearity Error Less Than ± 1 /2 LSB 
• Offset Error Less Than ± 1 LSB 
• Full-Scale Error Less Than ± 1 LSB 
• Power Consumption 4DmW. Maximum 
• No Missing Codes, Guaranteed 
• TTL/CMOS Compatible 
• Standard 28 Pin DIP Package 

Applications 

• Process Control 
• Instrumentation 
• Data Acquisition Systems 
• Motion Control 
• Digital Signal Processing 

RAM ALU 
1-----+EOC 

1-----+INT 

10 

SAR 

OUTPUT 
REGISTER DBo.12 

21358A 305 
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TMC1241 

Pin Assignments 

VIN 1 

VREF 2 

AGND 3 

AVcc 4 

V- 5 

Az 6 

WR 7 

CLK1N 8 

CAL 9 

cs 10 

RD 11 

EOC 12 

INT 13 

DGND 14 

TMC1241 

28 cvcc 
27 DB12 (SIGN) 

26 DB11 (MSB) 

25 DB10 

24 DBg 

23 DB8 

22 DB7 

21 DB5 

10 DB5 

19 DB4 

18 DB3 

17 DB2 

16 DB1 

15 DBo (LSB) 

21359A 

28 Pin CERDIP - B6 Package 

Functional Description 

General Information 

The TMC1241 is a successive approximation AID 
converter with 13-bit resolution (12-bit plus sign). The 
TMC1241 can perform Auto-Cal and Auto-Zero routines 
to minimize full-scale, linearity and offset errors. It 
comprises a D/A converter, precision comparator and a 
successive-approximation register (SAR) along with digital 
and analog circuitry for self-calibration. 

The Auto-Zero cycle is an internal calibration sequence 
that corrects for AID offset error caused by the input 
offset voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error 
but also corrects for full-scale and linearity errors caused 
by D/A converter gain and linearity errors. The Auto-Cal 
feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1241. 
The Auto-Cal cycle restores the accuracy of the 
TMC1241 whenever it is requested. This ensures 
excellent long-term and temperature stability. 

Power and Ground 

The digital and analog power supply voltage range of the 
TMC1241 is + 4.5V to + 5.5V. To guarantee accuracy, it 
is required that the AVcc. pin 4, and DVcc. pin 28, be 
connected to the same power source, but with separate 
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decoupling capacitors (10itF tantalum and a 0.1 itF 
ceramic) between AV cc and DVcc and ground. V-, pin 
5, has a range of -4.5V to - 5.5V and and should have 
10itF tantalum and O 1 itF ceramic capacitors for power 
supply decoupling. 

Although AGND and DGND· pins 3 and 14 respectively, 
are distinguished from each other on the TMC1241, they 
should be connected together on the system printed 
circuit board to eliminate differential ground noise 
voltages which may degrade performance. AGND and 
DGND should be connected together as close to the 
TMC1241 as possible. 

Analog Inputs 

The voltage applied to the VREF input, pin 2, defines the 
input voltage range of the V1N input, pin 1, over which 
4095 positive output codes and 4096 negative output 
codes are found. The AID converter can be used in 
either ratiometric or absolute applications. The voltage 
source driving VREF must have a low output impedance 
and low noise. The circuit in the Typical Interface 
Circuit is a good example of a very stable reference 
source for the TMC1241. 

In a ratiometric application, the analog input voltage is 
proportional to the voltage used for the VRff If V1N is 
related or proportional to AVcc. VREF can be connected 
directly to AVcc. Here, V1N and VREF are related and 
track each other as the power supply voltage changes, 
making the output code of the TMC1241 independent of 
power supply voltage variations. 

For absolute accuracy, where the V1N varies 
independently of power supply voltage, VREF should be 
driven from a time and temperature-stable voltage source 
like that shown in the Typical Interface Circuit. The 
magnitude of VREF may require an adjustment to achieve 
system gain requirements. 

Due to the architecture of the TMC1241, a variable 
current will flow into or out (depending on V1N polarity) 
of the V1N pin at the start of the analog input sampling 
period, tA- The peak value of this current is proportional 
to the magnitude of the applied VIN· A small capacitor 
from V1N to AGND can be used to reduce noise and 
clock feedthrough due to inductive coupling from long 
input leads and will not degrade the accuracy of the 
conversion. It is advisable, however, to keep V1 N and 
VREF input lines as short as possible. 

TRW LSI Products Inc. 
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Analog Inputs (cont.) 

The analog input can be modeled as shown in the 
Analog Input Equivalent Circuit. Large source 
resistance. Rs. will lengthen the time necessary for the 
voltage on CREF to settle to within 112 LSB of the 
voltage on VIN· With fcLK of 2MHz, tA takes seven 
clock periods, or 3.5µs. When Rs is less than or equal 
to 1 kQ, a 5.0V V1N will have adequate time to settle. 

Auto-Cal and Auto-Zero Cycles 

When power is initially applied to the TMC1241, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the TMC1241. 
An additional calibration cycle should be started after the 
power supplies. reference, and clock have been given 
adequate time to stabilize. 

When CAL pin 9, is LOW, the TMC1241 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. 
These values are stored in the internal RAM and used 
during AID conversion cycles to reduce the. '."MC! 2~ 1's 
gain, offset, and linearity errors to the spec1f1ed limits. It 
is only necessary to go through the Auto-Cal cycle once 
after initial power is applied. 

To correct for any change in the offset error of the AID 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled 'Zero Error Change vs. Ambient Temperature" 
in the Typical Performance Curves I. A change in the 
ambient temperature will cause the offset voltage of the 
comparator to change, which may cause the offset error 
of the AID converter to be greater than its specified 
limit. 

With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1241 will execute an Auto-Zero cycle 
before the actual AID conversion cycle is started. The 
total conversion time (tel is increased by 26 clock . 
periods when Auto-Zero is used. An Auto-Zero cycle will 
reduce the offset error of the TMC1241 to less than ± 1 
LSB. 

TRW LSI Products Inc. 

Microprocessor Interface Controls 

On initial power-up, an Auto-Cal cyclej§_executed by 
bringing CAL LOW while CS, RD and WR are HIGH. To 
acknowledge that the Auto-Cal cycl~ in progress, EOC 
goes LOW after the falling edge of CAL and remains 
LOW during the Auto-Cal cycle duration of 1,396 clock 
periods. During the Auto-Cal cycle, first the comparator 
offset error is determined and then the D/A converter .. 
gain and linearity errors are found. Correction factors for • 
these errors are stored in the internal RAM. 

An AID conversion cycle is initiated by bringing CS and 
WR LOW. The AZ input should be tied HIGH or LOW 
during the conversion process. If AZ is LOW when AID 
conversion is executed, an Auto-Zero cycle (duration 
equals 26 clock periodsl_Q£:curs before the AID 
conversion is started. If AZ is HIGH, no Auto-Zero cycle 
is executed. Once the AID conversion sequence is 
started, V1N is tracked for seven clock periods and held 
thereafter. EOC then goes LOW, indicating that V1N is no 
longer being tracked and that the successive approxi­
mation conversion sequence has started. 

During an AID conversion cycle, the held V1N is 
successively compared to the output of the corrected 
DIA converter (main and correction DIA convertersl. 

First, the held voltage is compared to analog ground to 
determine its polarity (sign bitl. The sign bit is set LOW 
for positive V1N and HIGH for negative VIN· Next, the 
MSB of the DIA converter is set HIGH with all other bits 
LOW. If the the held voltage is greater than the output 
of the DIA converter. then the MSB is left HIGH; 
otherwise, it is set LOW. The next bit is then set HIGH, 
making the output of the DIA converter 314 or 1/4 of . 
full-scale, depending on the outcome of the previous bit. 
If the held voltage is greater than the new DIA 
converter value then the bit remains HIGH. If the held 
voltage is less than the new ~IA conv~rter val~e the bit 
is set LOW. This process continues until each bit has 
been tested. The result is then transferred to t~utput 
register of the TMC1241. tOC goes HIGH and INT goes 
LOW indicating the end o.!J.he conversion. The result can 
now be read by bringing CS and RD LOW to enable the 
DBo-12 outputs. 
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Microprocessor Interface Controls (cont.) 

The AID Control Input Functions (Table 1) summarizes AZ 
the effect of the digital control inputs on the TMC1241. 
Test Mode (where RD is HIGH and CS and CAL are 
LOW) is used in the manufacturing process of the 
TMC1241. Care should be taken to avoid this mode. In 
Test Mode DB2, DB3, DB5, and DB5 become active 
outputs, which may cause data bus contention. 

The TMC1241 can be completely reset, aborting all 
sequences that may be in progress. The AID converter is 
reset where a new conversion is started by taking CS CLK1N 
and WR LOW If this occurs when V1N is being tracked 
or when EOC is LOW, the Auto-Cal correction factors in 
RAM may be corrupted. After reset, it is necessary to 
execute an Auto-Cal cycle before the next AID 
conversion cycle. The Auto-Cal cycle cannot be reset EOC 
once started. 

Summary of Control Inputs 

The Chip Select control input, pin 10, is 
active LOW and enables the WR and RD 
functions. 

The AID conversion is started on the rising 
edge of the Write control input, pin 7, 
when CS is LOW 

The Read control input, pin 11, is active 
LOW and is used to enable the three-state 
data outputs and reset INT HIGH when CS 
is LOW 

Table 1. AID Control Input Functions 

Control Inputs 

cs WR RD CAL 

1I 1I 1 1 

1I 1 1I 1 

1I 1I 1 1 

1 x x 1I 
0 x 1 0 
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DBo-12 

AZ 

1 

1 

0 
x 
x 

With the AZ input, pin 6, held LOW during 
a conversion cycle, the TMC1241 will 
execute an Auto-Zero cycle before the 
actual AID conversion cycle is started. The 
total conversion time (tel is increased by 26 
clock periods when Auto-Zero is used. 

When CAL, pin 9, is LOW, the TMC1241 is 
reset and an Auto-Cal cycle is initiated. 

The clock input, pin 8, controls all sequence 
timing and AID conversion time. The 
frequency range for CLK1N is from 0.50 to 
4MHz. 

The End-of-Conversion control output, pin 
12, is LOW during AID conversion, Auto-Cal 
and Auto-Zero cycles. 

The interrupt control output, pin 13, goes 
LOW when a conversion has been 
completed and indicates that the conversion 
result is available from the output register. 
Reading the outputs or starting an AID 
conversion, Auto-Cal or Auto-Zero cycle will 
reset in INT going HIGH. 

The three-state outputs, pins 15 to 27, give 
AID conversion results in two's complement 
format with DB12 being the sign bit, DB11 
the MSB and DBo the LSB. 

AID Function 

Start AID conversion without Auto-Zero 

Read AID conversion result without Auto-Zero 

Start AID conversion with Auto-Zero 

Start Auto-Cal cycle 

Test Mode IDB2, DB3, DB5 and DB5 active) 

TRW LSI Products Inc. 
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Package Interconnections 

Signal Signal 
Type Name Function Value 86 Package Pins 

Power AV cc Positive Analog Supply +5.0V 4 

DVcc Positive Digital Supply +5.0V 28 
V- Negative Analog Supply -5.0V 5 

Ground AGND Analog Ground o.ov 3 

DGND Digital Ground O.OV 14 

Analog Inputs V1N Analog Signal Input ±4.7V 1 

VREF Reference Input +4.7V 2 

Digital Inputs CLK1N Clock Input TTL 8 
AZ Auto-Zero TTL 6 
CAL Calibrate TTL 9 

RD Read TTL 11 
WR Write TTL 7 

cs Chip Select TTL 10 

Digital Outputs EDC End of Calibration TTL 12 
INT Interrupt TTL 13 

DB12 SGN Sign Bit TTL 27 

DB1 1 MSB Most Significant Bit TTL 26 

DB10 TTL 25 

DBg TTL 24 

DB8 TTL 23 

DB7 TTL 22 

DB5 TTL 21 

DB5 TTL 20 

DB4 TTL 19 

DB3 TTL 18 

DB2 TTL 17 

DB1 TTL 16 

DBo LSB Least Significant Bit TTL 15 

Figure 1. Timing Diagram, Auto-Cal Cycle (CS= HIGH, WR= RD= AZ= Don't Carel 

CLOCK 

,__ ________ tcALAuto-Cal Cycle ---------
----°"'\ ·1396CLOCKS 1.------------

EOC ·---------~',~'...----------_,#I "' 

21360A 
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Figure 2. Timing Diagram, AID Conversion Cycle with Auto-Zero (CAL= HIGH, AZ= LOW) 

cs\ ___ / 

'r----\,1 I I 

I tzAuto·Zero j tAAcq~~~'.~tion _ i\--L,, /d d !------- -26 CLOCKS > ""' -7 CLOCKS --J : 1PDINT 

m I ' 'LLJ 1---
f.- ~~;~~~e~~~n --j 

1 
I I 

DBo.12 - - - - - - - - - - - - - - - - - - - - - - - - - - D - - - - - - - . 
tENA ~ ~ I 21361A 

EOC 

Figure 3. Timing Diagram, Normal A/D Conversion Cycle without Auto-Zero (CAL=AZ=HIGH) 

CLOCK ~,fLJULflJ1 

cs~ I \'-. _ _, 
) 

I , 
' RD 

' ' 
I I 

I tA A:quisistion _ i " f I !------- -7CLOCKS ----J ~,' -->- 1~1PD(INT) ., ~ ~;;= >lif~-i-------
DBo.12 - - - - - - - - - - - - - - - - - - - - - - - - - - D - - - - - - - . 

teNA ~ ~ 1 21se2A 

EOC 
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Figure 4. Simplified Error Characteristics vs. Output Code without Auto-Cal or Auto-Zero Cycles 
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Figure 5. Simplified Error Characteristics vs. Output Code after Auto-Cal 
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Figure 6. Transfer Characteristics 
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Figure 7. Analog Input Equivalent Circuit 

Figure 8. Output Test Loads 
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Absolute maximum ratings (beyond which the device may be damaged) 1,2 

Supply Voltages 

DVcc ................................................................................................................................................................................. -o.5 to +6.5V 

AVcc ................................................................................................................................................................................. -0.5 to +6.5V 

V- ..................................................................................................................................................................................... +0.5 to -6.5V 

AVcc-DVcc 7 ................................................................................................................................................................. -0.3 to +0.3V 

AGNo-DGND .................................................................................................................................................................. -0.3 to +0.3V 

Input Voltages 
Digital Inputs ......................................................................................................................................................... DVcc+0.31 to -0.3V 

Analog Inputs .............................................................................................................................................. IAVcc+0.3) to {V- -0.3)V 

Outputs 

Digital Outputs, applied voltage ................................................................................................................................... -0.5V to DVcc 

Input current, any pin, externally forced 3 ................................................................................................................................ ± 5mA 

Short-circuit duration !single output to GND) ....................................................................................................................... Unlimited 

Temperature 
Operating, case .............................................................................................................................................................. - 60 to + 135°C 

Lead, soldering (10 seconds) ..................................................................................................................................................... + 300°C 

Storage ............................................................................................................................................................................ - 65 to + 150°C 

Package Input Current 3 ..................................................................................................................................................................................... ± 20mA 

Package Power Dissipation at 25°C 4 ............................................................................................................................................................ 875mW 

ESD Susceptibility 5 ................................................................................................................................................................................................ 2000V 
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Operating conditions 1,2, 16, 17, 18 

Temperature Range 

Industrial Extended 
Parameter Min Norn Max Min Norn Max Units 

AVcc. DVcc Positive Power Supply Voltages 6.7 4.5 5.0 5.5 4.5 5.0 5.5 v 
V- Negative Power Supply Voltage -4.5 -5.0 -5.5 -4.5 -5.0 -5.5 v 
AVcc-DVcc Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 
AGNo-DGND Ground Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 

-'-
v 

V1N Input Voltage Range V- -.050 ±4.096 AV cc+ .o5o V- -.050 ±4.096 AVcc+.o5o v 
VREF Reference Voltage 6.7 3.5 +4.096 AV cc+ .o5o 3.5 +4.096 AVcc+.o5o v 

fcLK Clock Frequency 0.5 2.0 4.0 0.5 2.0 4.0 MHz 

Clock Duty Cycle 40 50 60 40 50 60 % 

VIL Input Voltage, Logic LOW, 1.4 0.8 1.4 0.8 v 
all but CLKIN· DVcc=4.75V 

V1H Input Voltage, Logic HIGH, 2.0 1.4 2.0 1.4 v 
all but CLKIN• DVcc=5.25V 

loL Output Current, Logic LOW -6.0 -20 -6.0 -20 mA 

loH Output Current, Logic HIGH 8.0 20 8.0 20 mA 

TJ Junction Temperature, -40 +85 oc 

TMC124186B, TMC1241B6B1 

TJ Junction Temperature, -55 + 125 oc 

TMC1241B6F 

Electrical characteristics within specified operating conditions 1,2,6.7,8,9, 16, 17 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Diec DVcc Supply Current fCLK = 2.0MHz, CS= HIGH 1.0 2.0 2.0 mA 

Alec AVcc Supply Current fcLK=2.0MHz, CS=HIGH 2.8 6.0 6.0 mA 
I- V - Supply Current fcLK = 2.0MHz, CS= HIGH 2.8 6.0 6.0 mA 

C1N Analog Input Capacitance 65 pF 

CREF Reference Input Capacitance 80 pF 

l1L Input Current, Logic LOW -0.005 -1.0 -1.0 µ.A 

l1H Input Current, Logic HIGH 0.005 1.0 1.0 µ.A 

Vr + Positive-Going Threshold, CLK1N 2.8 2.7 2.7 v 
Vr _ Negative-Going Threshold, CLK1N 2.1 2.3 2.3 v 
VH Hysteresis, CLK1N Vr +-Vr _ 0.7 0.4 0.4 v 

Vol Output Voltage, Logic LOW lour=1.6mA, Vcc=4.75V 0.4 0.4 v 
VoH Output Voltage, Logic HIGH lour= -360µ.A, Vcc=4.75V 2.4 2.4 v 

lour= -10µ.A, Vcc=4.75V 4.5 4.5 v 

lozL Output Leakage Current, LOW Vour=O.OV -0.Ql -3.0 -3.0 µ.A 

lozH Output Leakage Current, HIGH Vour=5.0V 0.01 3.0 3.0 µ.A 
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Switching characteristics within specified operating conditions 1,2,6,7,8,9, 16, 17, 18 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

tc Conversion Time 27 ifcLK + 0.3 27 /fcLK + 0.3 µ.S 

fcLK = 2.0MHz 13.5 µ.s 

tA Acquisition Time 14 Rs=500 7/fcLK+0.3 7/fcLK+0.3 µ.S 

fcLK = 2.0MHz 3.5 µ.S 

tz Auto-Zero Time 26/fcLK 26/fcLK µ.S 

fcLK = 2.0MHz 13 µ.s 

tcAL Calibration Time 1396/fcLK µ.s 

fcLK = 2.0MHz 698 706 706 µ.s 

tPWCAL Calibration Pulse Width Note 15 60 200 200 ns 

tpWWR WR Pulse Width 60 200 200 ns 

tpDINT RD or WR to Reset of INT 100 175 175 ns 

tENA Output Enable Time CL= 100pF 50 85 85 ns 

trns Data Disable Time CL= 100pF, RL = 1k0 30 90 90 ns 

System performance characteristics within specified operating conditions 1,2,6,7,8,9, 16, 17 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Eup Positive Integral Linearity Error After Auto-Cal 10.11 

TMC1241B6B1 ±0.5 LSB 

TMC1241 B6F, TMC1241868 ±1.0 ±1.0 LSB 

ELIN Negative Integral Linearity Error After Auto-Cal 10.11 

TMC1241B681 ±0.5 LSB 

TMC1241 B6F, TMC1241868 ±1.0 ±1.0 LSB 

ELD Differential Linearity Error After Auto-Cal 10.11 12 12 Bits 

EFSP Positive Full-Scale Error After Auto-Cal 11 ±0.5 ±1.0 ±1.0 LSB 

EFSN Negative Full-Scale Error After Auto-Cal 11 ±1.0 ±2.0 ±2.0 LSB 

Ez Zero Error 11.12 After Auto-Cal or Auto-Zero ±1.0, ± 1.0 LSB 

PSSz Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 
Zero Error 13 V- = -5.0±5%, VREF= +4.75V 

PSSF Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 

Full-Scale Error V- = -5.0±5%, VREF= +4.75V 

PSSL Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 

Linearity Error V- = -5.0±5%, VREF= +4.75V 
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Notes for Specification Tables 

1. Absolute Maximum Ratings are limits beyond which 
the device may be damaged. Operating Conditions 
are limits under which the device is guaranteed to 
be functional, but those limits do not guarantee 
specific performance. Guaranteed specifications and 
test conditions are shown in the Electrical, 
Switching and System Performance 
Characteristics Tables. The guaranteed 
specifications apply only for the test conditions 
listed in the Electrical, Switching and System 
Performance Characteristics Tables. Some 
performance characteristics may degrade when .the 
device is operated outside the listed test cond1t1ons. 

2. All voltages are measured with respect to AGND 
and DGND· unless otherwise specified. 

3. When the voltage at any pin exceeds the power 
supply voltages (<V- or> AVcc or> DVccl. 
the current at that pin must be limited to 5mA. 
The 20mA maximum package input current rating 
allows the voltage any any four pins, with a current 
limit of 5mA, to simultaneously exceed the power 
supply voltages. 

4. The maximum power dissipation must be derated at 
elevated temperatures and is dictated by T Jmax 
(maximum allowable junction temperature), OJA 
(junction-to-ambient thermal resistance of the 
package). and TA (ambient temperature). The 
maximum allowable power dissipation at any 
temperature is given by: 

Po max= (T Jmax-T Al/OJA 

or the number given in the Absolute Maximum 
Ratings Table, whichever is lower. For the 
TMC1241, T Jmax is 125°C and the typical thermal 
resistance (OJAI of the TMC1241 with BBF, B6B1, 
and BBB suffixes when board mounted is 47°C/W. 

5. Human body model, 100pF discharged through a 
1.5k0 resistor. 

6. Two on-chip diodes are tied to the analog input as 
shown in the following figure, Parasitic Diode 
Structure. AID conversion errors can occur if these 
diodes are forward-biased more than 50mV. 
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Parasitic Diode Structure 

21368A 

7. To guarantee accuracy, it is required that AVcc and 
DVcc be connected to the same power source but 
with separate decoupling capacitors at each pin. 

8. Accuracy is guaranteed with fCKL equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 

9. Typical specifications a re at T J = 2 5 ° C and . . 
represent the most likely parametric norm (stat1st1cal 
"mode"). 

1 O. Positive linearity error is defined as the deviation of 
the analog value, expressed in LSBs, from the 
straight line that passes through positive full-scale 
and zero. For negative linearity error the straight 
line passes through negative full-scale and zero. 
(See Simplified Error Characteristic Curves.) 

11. The TMC1214's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of ± 0.20 LSB. 

12. When TA changes, an Auto-Zero or Auto-Cal cycle 
will be required for specified performance. (See 
Typical Performance Curves.) 

13. After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 

14. If the CLK1N is asynchronous with respect to the 
falling edge of WR an uncertainty of one clock 
period exists in the tA interval. Therefore, the. 
minimum tA is six clock periods and the maximum 
tA is 7 clock periods. If the falling ed.ge of CLK1N 
is synchronous with respect to the rising edge of 
WR then tA will be exactly 6.5 clock periods. 

15. The CAL input must go HIGH before an AID 
conversion is started. 
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Notes for Specification Tables (cont.) 

16. Guaranteed specifications apply for 
AV cc= DVcc = + 5.0V, V- = - 5.0V. VREF = - 5.0V 
and fCLK = 2.0MHz unless otherwise specified. 

Typical Performance Curves 

A. Linearity Error vs. VREF 
1.4 T 

1-----0----+----+- V· = -5.0V 
~ AVcc=Vcc=•5.0V 

1-----+Ll.-+--+---+- 'cLK = 2MHz 
\ TA=+25°C 

0.2 

0.0 

21369A 

C. Full-Scale Error Change vs. Ambient Temperature 
1.0 

iD 
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E. Zero Error Change vs. Ambient Temperature 

V·= ·5.0V 
AV cc· Vee· +5.ov 
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VREF = +5V 
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AMBIENT TEMPERATURE ('C) 21373A 
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17. Typical performance specifications are for 
TJ= +25°C. 

18. Rise and fall times for digital inputs= 20ns, unless 
otherwise specified. 

B. Linearity Error vs. Clock Frequency 
0.8 
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D. Zero Error vs. VftEF 
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The Typical Interface Circuit 

Noise on AV cc. DV cc or V- power supply inputs can 
cause AID conversion errors should the TMC1241 
comparator be influenced by that noise. The TMC1241 is 
especially sensitive during the Auto-Zero or Auto-Cal 
cycles to power supply noise. Low inductance 10/.tF 

Typical Interface .Circuit 

0.1 50KO 
1D-TURN 

Ordering Information 

Product Temperature Range 
Number 

TMC1241B6F EXT-TA= -ss•c to 12s0 c 

TMC1241B6B STD-TA= -40°c to 85°C 
TMC1241B6B1 STD-TA= -40°c to 85°C 

TMC1241E1C STD-TA=o·c to 10°c 

ii~iri' 

tantalum capacitors in parallel with 0.1 f.tF ceramic 
capacitors are recommended for power supply 
decoupling. Separate decoupling capacitors should 
be placed close to the DVcc. AVcc and V- pins. 

12 
EOC 

VIN INT INT 

DBo.12 DBo.12 

TMC1241 cs cs 

WR 7 WR 
VREF 

RD liD 

AGND Al. Al. 

CAL CAL 
DGND 

CLK1N CLOCK '::' y. 

21374A 

Screening Package Package 
Marking 

Commercial 28 Pin CERDIP 1241B6F 
Commercial 28 Pin CERDIP 1241B6B 
Commercial 28 Pin CERDIP 12418681 

-- Eurocard PC Board 1241E1C 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to 
products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 
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Lila Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Self-Calibrating 12-Bit Plus Sign, 7.7 µs, µP-Compatible AID Converter 
with Track-and-Hold 
TRW's TMC1251 is a CMOS successive approximation 
analog-to-digital converter with 13-bit resolution. The 
n11t<:t:inrlinn nprfnrm:inrp nf thP Tl\Ar1 ?t;1 i<: thP rP<:11lt nf ......... _ ....... - ... ., f'"'-··-···· ............ ............ ' ........ ·-- ............................... . 

self-calibration. which reduces linearity and full-scale 
errors to less than± 1/2 LSB and offset error to less than 
± 1 LSB. The TMC1251 performs an Auto-Zero function that 
minimizes offset error. The Auto-Zero function can be 
performed as needed or prior to every A/D conversion. 

The TMC1251 includes an internal track/hold stage which 
is directly controlled with a separate T/H input. Both 
unipolar and bipolar analog input voltage ranges (Oto+ 5 
and ±5 Volts) are accommodated. The TMC1251 requires 
only two power supplies. ±5 Volts. 

The TMC1251 's two's-complement output data format uses 
the 13th bit to indicate the polarity of the input signal. The 
13-bit conversion result from the TMC1251 is read from its 
8 outputs in two successive bytes. Digital inputs and 
outputs are compatible with TTL or CMOS logic levels and 
have microprocessor interface features. 

Functional Block Diagram 

T/H CORRECTION 
AC 

VREF 

MAIN 
13 

DAC 

cs 
WR 

Ro CONTROL 
CAL LOGIC 

:AZ 
CLKIN 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• 13-Bit Resolution. 12 Bits Plus Sign 
• Internal Track/Hold 
• Conversion Time 7.7 µs, Maximum 
• Auto-Calibration And Auto-Zero Cycles 
• Linearity Error Less Than± 1/2 LSB 
• Offset Error Less Than ± 1 LSB 
• Full-Scale Error Less Than± 1.5 LSB 
• Power Consumption 113mW. Maximum 
• Eight-Bit Microprocessor Interface 
• TTL/CMOS Compatible 
• Standard 24-lead DIP Package 

Applications 

• Process Control 
• Instrumentation 
• Data Acquisition Systems 
• Motion Control 
• Digital Signal Processing 

441r---1-----------+EOC 

1----------INT 

SAR 

OUTPUT 
REGISTER 
MUx 

Phone: 1619)457-1000 
FAX: 1619) 455-6314 

DBa-12 

DBa - 12 - DB7 - 12 

2140DA 
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Pin Assignments 

TMC1251 

24 ovcc 

23 RD 

22 EOC 

21 INT 

20 DB7/DB12 
19 DB6/0B12 

18 OB5/DB12 
17 DB 4/DB12 

16 DB3/0B11 
15 DB2/DB10 

T/H 11 14 DB1/DB9 

13 DBo/DBe 

21401A 

24-pin DIP package 

Functional Description 

General Information 

The TMC1251 is a successive approximation A/D converter 
with 13-bit resolution (12-bit plus sign). The TMC1251 can 
perform Auto-Cal and Auto-Zero routines to minimize 
full-scale, linearity and offset errors. It comprises a D/A 
converter, precision comparator and a successive 
approximation register (SAR) along with digital and analog 
circuitry for self-calibration. 

The Auto-Zero cycle is an internal calibration sequence 
that corrects for A/D offset error caused by the input offset 
voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error but 
also corrects for full-scale and linearity errors caused by 
D/ A converter gain and linearity errors. The Auto-Cal 
feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1251. 
The Auto-Cal cycle restores the accuracy of the TMC1251 
whenever it is requested. This ensures excellent long-term 
and temperature stability. 

The internal track/hold input stage can be controlled by the 
TMC1251 inherent conversi.Qn sequencing circuitry or 
externally by the use of the T /H control input. This control 
allows the timing and duration of the analog signal 
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acquisition period just prior to initiating an A/D conversion 
cycle. The 13-bit result is made available in two successive 
bytes from the eight-bit wide output port. 

Power and Ground 

The digital and analog power supply voltage range of the 
TMC1251 is+ 4.5V to+ 5.5V. To guarantee accuracy, it is 
required that the AV cc. pin 4, and DVcc. pin 24, be 
connected to the same power source, but with separate 
decoupling capacitors (1 OµF tantalum and a 0.1µF ceramic) 
between AVcc and DVcc and ground. V-, pin 5, has a range 
of-4.5V to -5.5V and and should have 10µF tantalum and 
0.1 µF ceramic capacitors for power supply decoupling. 

Although AGND and DGND· pins 3 and 24 respectively, are 
distinguished from each other on the TMC1251, they 
should be connected together on the system printed circuit 
board to eliminate differential ground noise voltages which 
may degrade performance. AGND and DGND should be 
connected together as close to the TMC1251 as possible. 

Analog Inputs 

The voltage applied to the VREF input, pin 2, defines the 
input voltage range of the V1N input, pin 1, over which 4095 
positive output codes and 4096 negative output codes are 
found. The A/D converter can be used in either ratiometric 
or absolute applications. The voltage source driving VREF 
must have a low output impedance and low noise. The 
circuit in the Typical Interface Circuit is a good example 
of a very stable reference source for the TMC1251. 

In a ratiometric application, the analog input voltage is 
proportional to the voltage used for the VREF· If V1N is 
related or proportional to AV cc. VREF can be connected 
directly to AV cc. Here, V1N and VREF are related and track 
each other as the power supply voltage changes, making 
the output code of the TMC1251 independent of power 
supply voltage variations. 

For absolute accuracy, where the V1N varies independently 
of power supply voltage, VREF should be driven from a 
time- and temperature-stable voltage source like that 
shown in the Typical Interface Circuit. The magnitude of 
VREF may require an adjustment to achieve system gain 
requirements. 

Due to the architecture of the TMC1251, a variable current 
will flow into or out of (depending on V1N polarity) the V1N 
pin at the start of the analog input sampling period, tA. The 
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Analog Inputs (cont.) 

peak value of this current is proportional to the magnitude 
of the applied V1N. A small capacitor from V1N to AGND can 
be used to reduce noise and clock feedthrough due to 
inductive coupling from long input leads and will not 
degrade the accuracy of the conversion. It is advisable, 
however, to keep V1N and VREF input lines as short as 
possible. 

The analog input can be modeled as shown.in the Analo~ 
Input Equivalent Circuit. Large source resistance, Rs. will 
lengthen the time necessary for the voltage on C~EF to 
settle to within 1/2 LSB of the voltage on VIN· With fcLK of 
2MHz, tA takes seven clock periods, or 3.5µs. When Rs is 
less than or equal to 1 kn, a 5.0 Volt V1N will have 
adequate time to settle. 

Auto-Cal and Auto-Zero Cycles 

When power is initially applied to the TMC1251, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the TMC1251. 
An additional calibration cycle should be started after the 
power supplies, reference, and clock have been given 
adequate time to stabilize. 

When CAL pin 9, is LOW, the TMC1251 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors .. These 
values are stored in the internal RAM and used during A/D 
conversion cycles to reduce the TMC1251 's gain, offset, 
and linearity errors to the specified limits. It is only 
necessary to go through the Auto-Cal cycle once after 
initial power is applied. 

To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled "Zero Error Change vs Ambient Temperature" in 
the Typical Performance Characteristics). A change in 
the ambient temperature will cause the offset voltage of 
the comparator to change, which may cause the offset 
error of the A/D converter to be greater than its s_flecified 
limit. Since Auto-Zero cannot be activated when T/H is 
used to start the A/D conversion cycle, it may be necessary 
to do an Auto-Cal cycle (which includes Auto-Zero) 
periodically. 

TRW LSI Products Inc. 
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With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1251 will execute an Auto-Zero cycle before 
the actual A/D conversion cycle is started. The total 
conversion time (tc) is increased by 26 clock periods when 
Auto-Zero is used. An Auto-Zero cycle will reduce the 
offset error of the TMC1251 to less than ± 1 LSB. 

Microprocessor Interface Controls 

On lnitial.QQ_wer-up, an Auto-Ca~ -~yc!e is executed by 
bringing CAL LOW while CS and T/H are HIGH. To 
acknowledge that the Auto-Cal eye~ in progre~s. EOC 
goes LOW after the falling edge of CAL and remains .LOW 
during the Auto-Cal cycle duration of 1,399 clock periods. 
During the Auto-Cal cycle, first the comparat~r offset error 
is determined and then the D/A converter gain and 
linearity errors are found. Correction factors for these 
errors are stored in the internal RAM. 

An A/D conversion cycle is initiated by bringing CS ~nd WR 
LOW. The AZ input should be tied HIGH or LOW duri.ng t.he 
conversion process. If AZ is LOW when A/D conversion 1s 
executed, an Auto-Zero cycle (duration equals 26 cloc_L 
periods) occurs before the A/D conversion is started. AZ 
must be LOW during the entire A/D conversion. After 
Auto-Zero is complete, the analog signal acquisiti~time 
period begins and continues for 7 clock periods. If AZ is 
HIGH, no Auto-Zero cycle is executed. At the end of th.e 
acquisition period EOC goes LOl'.J. indicati.ng t~at V1N 1s 
being held and that the successive approx1mat1on 
conversion sequence has started. 

CS and T/H may be used to initiate a conversion cycle. 
Bringing both of these sig,Qals LOW begins the ac~uisition 
period; the rising edge of T /H puts .the track/~old .into the 
hold mode and begins the successive approx1mat1on 
conversion. DSP applications require that the time that the 
analog input signal is sampled (tt}? end of the acquisition 
period) be well controlled. Using T/H in ~his w~y ensures 
control over the sampling of the analog input signal. 

During an A/D conversion cycle, the held V1N is 
successively compared to the output of the corre~ted D/A 
converter (main and correction DIA converters). F1rst .. the. 
held voltage is compared to analog ground to det.e~mine its 
polarity (sign bit). The sign bit is set LOW for pos1t1ve V1N 
and HIGH for negative VIN· Next, the MSB of the D/ A 
converter is set HIGH with all other bits LOW. If the the 
held voltage is greater than the output of the. DI~ . 
converter, then the MSB is left HIGH; otherwise 1t 1s set 
LOW. The next bit is then set HIGH. making the output of 
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Microprocessor Interface Controls (cont.) 

the 0/A converter 3/4 or 1/4 of full scale, depending on the 
outcome of the previous bit. If the held voltage is greater 
than the new 0/ A converter value then the bit remains 
HIGH. If the held voltage is less than the new 0/ A 
converter value the bit is set LOW. This process continues 
until each bit has been tested. The result is then 
transferred to the output register of the TMC1251. EOG 
goes HIGH and INT goes LOW indicating the end of the 
conversion. The result can now be read when CS is LOW by 
bringing RD LOW twice in succession to enable first, the 
MSBs (DBs thru DB12) and second, the LSBs (DBo thru DB7) 
of the result through the TMC1251 's eight-bit wide output 
port. 

The AID Control Input Functions (Table 1) summarizes 
the effect of the dig.i!_al control inputs on the TMC1251. 
Test Mode (where RD is HIGH and CS and CAL are LOW) is 
used in the manufacturing process of the TMC1251. Care 
should be taken to avoid this mode. In Test Mode DB2. 
DB3. DB5, and DB5 become active outputs. which may 
cause data bus contention. 

The TMC1251 can be completely reset. aborting all 

the previous conversion cycle. In this way, the noise that 
normally accompanies the reading of data from the 
TMC1251 's outputs will not affect the signal being 
acquired and therefore. the results of the following 
conversion. 

When WR is used to start a conversion with AZ LOW, an 
Auto-Zero cycle is inserted prior to the acquisition period. 
Here, the acquisition timing and duration are controlled by 
the TMC1251. Since the acquisition time must always be 
at least 3.5µs, the maximum CLK1N frequency in this mode 
is limited to 2.0MHz ( 7 cycles at 500ns). A simple circuit is 
shown which is useful when WR initiates conversions with 
and without Auto-Zero. In this circuit. when AZ is HIGH. the 
TMC1251 CLK1N frequency is 3.5MHz. When AZ is LOW, 
the TMC1251 CLK1N frequency is divided by two and is 
1.75MHz. 

Figure 1. CLK1N Frequency Control Circuit 

sequences that may be in progress. The A/D converter is 3.5 MHz >-------1:> TMC1251 
CLKIN reset where a new conversion is started by taking CS and 

WR or CS and T/H LOW. If this occurs when V1N is being 
CLR 

tracked or when EOG is LOW, the Auto-Cal correction 
factors in RAM may be corrupted. After reset, it is then Az 
necessary to execute an Auto-Cal cycle before the next 
A/D conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 

When using WR or T/H without AZ to start a conversion, a 
new conversion may be restarted only after EOG has gone 
HIGH after the end of the current conversion. When using 
WR and AZ, a new conversion may be restarted during the 
first 26 clock cycles after the rising edge of WR or after 
EOG has gone HIGH without corrupting the Auto-Cal 
correction factors. 

Acquisition Time and Dynamic Performance 

Each of the three methods of initiatin~ co~ersion affects 
the analog signal acquisition period. WR or T /H can start a 
conversion when AZ is HIGH. In either of these cases, the 
rising edge of EOG indicates that the track/hold is in its 
track mode and the analog input signal is being acquired. It 
is advisable, however, to consider the beginning__Qf the 
actual acquisition time to be AFTER the second RD pulse of 
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The performance of the TMC1251 with AC input signals 
can be better described with the use of parameters such as 
Signal-to-Noise Ratio (SNR). Signal-to-Noise-and­
Distortion Ratio (SINAD), Total Harmonic Distortion (THO). 
Spurious-Free Dynamic Range (SFDR), Effective Bits, 
bandwidth, aperture time and aperture jitter. These 
parameters are a measure of the ability of the TMC1251 to 
digitize AC input signals without significant spectral errors 
such as elevated frequency spurs or noise. 

An A/D converter's AC performance is evaluated using Fast 
Fourier Transform (FFT) methods. A sinusoidal input is 
applied to the A/D converter and n FFT is performed on 
data read from the A/D converter. SNR. SINAD, THO, SFDR 
and Effective Bit results are obtained in this way along 
with spectral plots. Typical values for unipolar and bipolar 
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SINAD are shown in the System Performance Tables 
along with spectral plots in the Typical Performance 
Curves section. Dynamic performance levels change with 
frequency, signal amplitude and conversion rate. 

The performance of the internal track/hold of the TMC1251 
is sho~n by aperture time and aperture jitter parameters. 
When T/H is used to initiate conversions, aperture time is 
the delav between the risinq edqe of T/H and the internal 
time when the analog inpufsign-al is actually held. 
Aperture jitter is the change in this time period from 
cycle-to-cycle. 

For applications where A/D converter dynamic performance 
is important to determining overall system performance, 
TRW recommends the use of the TMC12441 or TMC12451. 
These A/D converters are identical to the TMC1241 and 
TMC1251, respectively, except that they are dynamically 
tested and have guaranteed SNR. THO, Effective Bits and 
bandwidth specifications. 

Summary of Control Inputs 

CS The Chip Select control input. pin 10, is active 
LOW and enables the WR. RD. and T/H 
functions. 

WR The A/D conversion is started on the rising 
edge of the Write control input, pin 7, when 
CS is LOW. When this control is used to start a 
conversion the analog signal acquisition period 
is controlled by the TMC1251. 

RD The Read control input. pin 23, is active LOW 
and is used to enable the three-state data 
outputs and reset INT HIGH when CS is LOW. 

T/H The track/hold control input. pin 11, can be 

Table 1. ND Control Input Functions 

Control Inputs 

cs WR T/H RD 

1I 1I 1 1 
1I 1 1I 1 

1I 1 1 1I 
1I 1I 1 1 

1I 1 1 1I 
1 x 1 x 
0 x 1 1 
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CAL 

1 
1 

1 
1 
1 

1I 
0 

used to start a conversion. With CS LOW. the 
falling edge ofT/H begins the analog1ignal 
acquisition period. The rising edge of T /H then 
puts the track/hold into hold mode and starts 
the A/D conversion. 

AZ With the AZ input. pin 6, held LOW during a 
conversion cycle. the TMC1251 will execute an 
Auto-Zero cycle before the actual A/D l.'-
cunversion cycle is started. The total ~ 
conversion time (tc) is increased by 26 clock 
periods when Auto-Zero is used. 

CAL When CAL pin 9, is LOW. the TMC1251 is 
reset and an Auto-Cal cycle is initiated. 

CLK1N The clock input. pin 8. controls all sequence 
timing and A/D conversion time. The frequency 
range for CLK1N is from 0.50 to 6MHz. 

EOC The End-of-Conversion control output, pin 22. 
is LOW during A/D conversion, Auto-Cal. and 
Auto-Zero cycles. 

INT The interrupt control output. pin 21. goes LOW 
when a conversion has been completed and 
indicates that the conversion result is avail­
able from the output register. Reading the out­
puts or starting an A/D conversion, Auto-Cal or 
Auto-Zero cycle will reset in INT going HIGH. 

DB0/DB12 The three-state outputs. pins 13 to 20, give 
13-bit conversion results with two successive 
RD pulses. The first RD pulse outputs the 
MSBs o!_!!ie result (DBs thru 0812) and the 
second RD pulse outputs the LSBs (080 thru 
087). The format is two's complement sign bit 
extended with DB12 being the sign bit. DB11 
the MSB and DBo the LSB. 

AZ AID Function 

1 Start AID conversion without Auto-Zero 

1 Start AID conversion without Auto-Zero, 
synchronous with rising edge of T/H. 

1 Read data without Auto-Zero 

0 Start AID conversion with Auto-Zero 

0 Read data with Auto-Zero 

x Start Auto-Cal cycle 

x Test Mode (DBz, DB3, DB5 and DBs active) 
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Package Interconnections 

Signal Signal 
Type Name Function Value 87 Package Pin 
Power AV cc Positive Analog Supply +5.0V 4 

DVcc Positive Digital Supply +5.0V 24 
V- Negative Analog Supply -5.0V 5 

Ground AGND Analog Ground O.OV 3 

DGND Digital Ground o.ov 12 

Analog Inputs V1N Analog Signal Input ±4.7V 1 

VREF Reference Input +4.7V 2 

Digital Inputs CLK1N Clock Input TTL 8 

AZ Auto-Zero TTL 6 
CAL Calibrate TTL 9 

RD Read TTL 23 
WR Write TTL 7 

cs Chip Select TTL 10 

T/H Sample-Hold TTL 11 

Digital Outputs EDC End of Calibration TTL 22 

INT Interrupt TTL 21 

087/0812 TTL 20 
086/0812 TTL 19 
085/0812 TTL 18 
084/0812 TTL 17 
083/0811 TTL 16 
082/0810 TTL 15 
081/089 TTL 14 
080/088 TTL 13 

Figure 2. Timing Diagram, Auto-Cal Cycle (CS= HIGH, WR= T/H =RD= AZ= don't care) 

CLOCK 

CAL \ 1 
~ 1PWCAL ~ 

EOC 
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CS=1 
WR=X 
RO=X 
AZ=X 
T/H =1 
X = DON'T CARE 

ICAL 
~ 1399 CLOCKS 

) 

21403A 
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Figure 3. Timing Diagram, Using WR to Start Conversions with Auto-Zero (CAL= HIGH. AZ= LOW) 

CLOCK 1-IUUl_]~[Ul_f 

TJH '(l/ 
_ ~I 1,------'> 
WR L....fi 

-I l-1PWNR 

RO 

cc 
)) \ __ !&. __ , 

, , I ~~ 
~' ' ' I I 

EOC -26,~CocKs •I• -7 ~L~c, ~ l.-1RDINT I 

INT I tz+tA c, I 'h tc ~ill- -d 
DBO/DBB-- - - ~ - - - _-:L:S_ hi-Z - :: ~2:0: _ ~ ~A -
DB7/0B12 -K.__)--

DBa-12 DBg.7 21404A 

Figure 4. Timing Diagram, Using WR to Start Conversions without Auto-Zero (CAL= AZ= HIGH) 

T/H (/ 

m { ~.ml~:~~ I i I'"' 
~ t " -I 1 ; · 1 b:'""" I 

INT I tc ' __J, l -d 
~,.27CLDCKS -I ~ ~ 

g:~:fJ- - - - - - -C.fr - - hi-Z - - -L,C.,- - - - -K.__)- - -
DBa.12 DBg.7 21405A 
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Figure 5. Timing Diagram, Using T/H to Start Conversions withoutAuto-Zero (CAL= AZ= HIGH) 

cc 

Ci\_. -----.... 'l~,----1 
)) \ ___ I&. __ / 

RD 

< ~ r-·•HE I I 
EOC ----, ~l\1 '/, /1,.---b:-------.--1 

r 1RDINT 

INT ___ ..., _____ I• --,c__...,..,.,----.\ l --d----------
N 34 CLOCKS ~ I;: I 

g:m:~l - - - - - -C,'J - - - - hi-Z - - - ~C,- - - - --0-

Figure 6. Transfer Characteristics 

i 
OUTPUT 
CODE 

/ 
/ 

NEGATIVE . _ ______r-
FULL -SCA~ 
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/ 
/ 

/ 
/ 

(+4095) 0,1111,1111,1111 
(+4094) 0,1111,1111,1110 

/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 
/ 

~ZERO TRANSITION 

1,1111.1111,1111 (-1) 
1,1111,1111,1110 (-21 

/ 
/ 

088-12 OBo-7 

/ 

21406A 

___f"PoslTIVE _...r- FULL - SCALE 
/ 

--- INPUTVOLTAGE ___. 

1,0000,0000,0001 (-4095) 
1,0000,0000,0000 (-4096) 
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Figure 7. Simplified Error Characteristics vs. output code without Auto-Cal or Auto-Zero cycles 

t 
OUTPUT CODE 
ERROR 

-- i ___ l ___ _ 
ZERO ERROR 

+12 LSB 

+BLSB 

-BLSB 

-4LSB 

POSITIVE 
FULL-SCALE 

,,. ERROR 

~ -.- - - - - - _ i _ - - -

ERROR 
(LSB) 

+4095 

INPUT VOLTAGE ____. 

21363A 

Figure 8. Simplified Error Characteristics vs. output code after Auto-Cal 

NEGATIVE 
FULL - SCALE ZERO 
ERROR ERROR l ___ l_ 

Figure 9. Output Test Loads 

DVcc 

+3LSB 

ERROR +2LSB 
(LSB) 

+1 LSB 

-1 LSB 

-2LSB 

-1 LSB 

DVcc~'r - 90% 
RD 50% 

DGNDt~H 10% 

VoH 90% 
DBx 

DGND 

Figure 10. Analog Input Equivalent Circuit 
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21414A 
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t 
OUTPUT CODE POSITIVE POSITIVE 
ERROR LINEARITY FULL- SCALE 

i 
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w~'i~ iiii 50% 
DGND 10% 

DATA 'OH -->! ~ 
OUTPUT DBxDVcc ~y 

Vol J-90% 
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Output Coding 

Input 
Voltage 

>4.096V 

+4.096V 
+4.095V 

+4.094V 

+0.002V 

+0.001V 

o.ooov 
-0.001V 
-0.002V 

-4.094V 

-4.095V 

-4.096V 

<-4.096V 

DB12 
Sign 

0 
0 
0 
0 

0 
0 
0 

1 
1 

DB11 ..•.. DBo 
MSB LSB 

1111 1111 1111 

1111 1111 1111 

1111 1111 1110 

1111 1111 1101 

0000 0000 0010 

0000 0000 0001 

0000 0000 0000 
1111 1111 1111 
1111 1111 1110 

0000 0000 0010 
0000 0000 0001 

0000 0000 0000 

0000 0000 0000 

Note: The input voltage range used for this table is ±4.096 Volts and 
the input voltages are measured at code centers. 

Absolute maximum ratings {beyond which the device may be damaged)1,2 

Supply Voltages 
DVcc .......................................................................................................................................................................................... --0.5 to +6.5V 

AV cc .......................................................................................................................................................................................... -0.5 to +6.5V 

V- ............................................................................................................................................................................................... +0.5 to -6.5V 

AV cc- DVcc7 .......................................................................................................................................................................... -0.3 to +0.3V 

AGND - DGND ........................................................................................................................................................................... --0.3 to +0.3V 

Input Voltages 

Digital Inputs .............................................................................................................................................................. --0.3 to (DVcc +0.3)V 
Analog Inputs ................................................................................................................................................... (AVcc + 0.3) to (V--0.3)V 

Outputs 
Digital Outputs, applied voltage ......................................................... :: ................................................................................ --0.5 to DVcc 

Input current, any pin, externally forced 3 ...................................................................................................................................... +5mA 

Short-circuit duration .(single output to GND) .......................................................................................................................... unlimited 

Temperature 
Operating, case .................... : ................................................................................................................................................ --£0to+135°C 

Lead, soldering (10 seconds) .......................................................................................................................................................... +300°C 

Storage ................................................................................................................................................. , .. , .............................. -65 to + 150°C 

Package input current 3 .......................................................................................................................................................................................... +20mA 

Package power dissipation at 25°C 4 .................................................................................................................................................................. 875mW 

ESD Susceptibility 5 .................................................................................................................................................................................................. 2000V 
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Operating Conditions 1,2,9, 16, 17 

Temperature Range 
1--~~~~~~--·~ 

Industrial Extended 

Parameter Min Norn Max Min Norn Max Units 

4.5 5.0 
.. -·----·- ... ------- ----1 

5.5 5.5 v AV cc, DVcc Positive Power Supply Voltages 6,7 4.'!:i 5.0 
-----------------+-----+----·---
V- Negative Power Supply Voltage -4.5 -5.0 -5.5 -4.5 -5.0 -5.5 v 

AVcc-DVcc Power Supply Voltage Differential -0.1 0.0 0.' -0.1 0.0 0.1 v 

/\-··- n~··- f".::..-n11n.-l \lnl+':'!lno nifforon+i~I 
,....,l.Jl\IU ..,lJl\IU ....,, '"'"'""' ~..,,~ .. ti"~ ....... , ...... ~·-· 

.. n 1 f]_Q n 1 -n 1 nn n 1 I/ 

V--.050 ±4.096 V1N Input Voltage Range AVcc+.050 V- - .050 ±4.096 AVcc+.050 v 
------------------+----+---+---·-----i-----+----1----+----

3.5 +4.096 v REF Reference Voltage 6,7 AVcc+.050 3.5 +4.096 AVcc+.050 v 

6.0 MHz 0.5 3.5 fcLK _Cl_o_ck_F_re_q~u_e_nc~y _______ _,_ ___ .,._ __ _,.. __ 60 ____ t-··--0_._5__, __ 3_.5_+----i-----

40 50 Clock Duty Cycle 60 40 50 60 % 

1.4 Input Voltage, Logic LOW, 0.3 1.4 0.8 v 

all but CLK1N, DVcc = 4.75V 
-----------------+------J---·--j--·- j----- ---+----t--·---

lnputVoltage, Logic HIGH, 2.0 1.4 2.0 1.4 v 

all but CLK1N, DVcc = 5.25V 

loL Output Current, Logic LOW -6.0 -20 -6.0 -20 mA 
------------------f-----+----+-----1---+-··---~----l----

loH Output Current, Logic HIGH 8.0 20 8.0 20 mA 

TJ Junction Temperature, -40 +85 oc 

TMC1251B7B, TMC1251B7B1 
________________ . ..,.._ ____ -----j----- -----+----r--·--r-----

Junction Temperature, 

TMC1251B7F 

-55 ±125 "C 

----------------~--------_[_ _____ _____._._.._L__ ______ ---+------____ __J - .. ---'-----+-----

Electrical Characteristics 1,2,6,7,8,9, 16 

Temperature Range 

Industrial Extended 
f--------+-------1 

Test Conditions Parameter Typ Min Max Min Max Units 

Diec DVcc Supply Current fcLK = 2.0MHz, CS= HIGH 1.0 2.5 2.5 mA 
----+----+----+----+----+----

Alce AVcc Supply Current fcLK = 2.0MHz, cs= HIGH 4.0 100 10.0 mA 
. --t------+-----+----+----+----+----

1- V- Supply Current fcLK = 2.0MHz, CS= HIGH 2.8 10.0 10.0 mA 

C1N Analog Input Capacitance 65 pF 
--------------+-------------t-------·----t-----t---t---t---

CREF Reference Input Capacitance 80 pF 

l1L Input Current, Logic LOW V1=0.0V -0.005 -1.0 -1.0 µA 
-------------+-----------t----·r-------+----t-----t-----t----

Input Current, Logic HIGH 0.005 1.0 1.0 µA 

Positive-going threshold, CLK1N 2.8 2.7 2.7 v 
VT. Negative-going threshold, CLK1N 2.1 1 2.3 2.3 V 
-------------+-----------1------ --~----t---+----+---
VH Hysteresis, CLK1N VT±- VT. 0.7 0.4 0.4 V 

VoL Output Voltage, Logic LOW louT = 1.6mA, Vee= 4.75V 0.4 0.4 V 
·-t--·---l-·--+----if-----i'-----il----

VoH Output Voltage, Logic HIGH 1 o uT = -360µA, Vee= 4.75V 2.4 2.4 v 

louT = -1oµA, Vee = 4.75V 4.5 4.5 v 

lozL Output leakage current, LOW VouT =a.av -0.01 -3.0 -3.0 µA 

lozH Output leakage current, HIGH 0.01 3.0 3.0 µA 
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Switching characteristics 1,2,6,7,8,9,16, 17 

Temperature Range 

Industrial Extended 

Parameter Test Conditions Typ Min Max Min Max Units 

tc Conversion Time 27/fcLK 27/fcLK+.25 27/fcLK+.25 µs 

fcLK = 3.5MHz, AZ= HIGH 7.7 7.95 7.95 µs 

fcLK = 1.75MHz, AZ= LOW 15.4 15.65 15.65 µs 

T/H starts conversion, 34/fcLK 34/fcLK+.25 34/fcLK+.25 µs 

fcLK = 3.5MHz, AZ= HIGH 9.7 9.98 9.95 µs 

tA Acquisition Time 14 using WR only 7/fcLK+0.25 7/fcLK+0.25 µs 

Rs= 50Q 3.5 3.5 3.5 µs 

tz Auto-Zero Time Plus 33/fcLK 33/fcLK+.25 33/fcLK+.25 µs 

Acquisition Time fcLK = 1.75MHz 18.8 19.05 19.05 µs 

tcAL Calibration Time 1399/fcLK 1399/fCLK 1399/fcLK µs 

fcLK = 3.5MHz 399 400 400 µs 

tpwcAL Calibration Pulse Width Note 15 60 200 200 ns 

tpwwR WR Pulse Width 60 200 200 ns 

to HE Hold-to-EOC Delay using WR input 200 350 350 ns 

using T/H input 100 150 150 ns 
-·--

tRDINT RD or WR to Reset of INT 100 175 175 ns 

tENA Output Enable Time CL= 100pF 50 95 95 ns 

tRR RD to RD Pulse Width 30 60 60 ns 

to1s Data Disable Time CL= 100pF, RL = 1kQ 30 70 70 ns 
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System performance characteristics 1,2,6,7,8,9, 16 

Temperature Range 

Industrial Extended 

Parameter Test Conditions Typ. Min Max Min Max Units 

Eup Positive Integral Linearity After Auto-Cal, 10,11 

Error TMC1251 B7B1 ±0.5 LSB 

TMC1251B7F, TMC1251 B7B ±1.0 ±1.0 LSB 

tuN i~egative imegrai Linearity After Auto-Cai, 1u,11 

Error TMC1251B7B1 ±0.5 LSB 

TMC1251B7F, TMC1251B7B ±1.0 ±1.0 LSB 

ELD Differential Linearity Error After Auto-Cal, 10,11 

EFSP Positive full-scale error After Auto-Cal, 11 

AZ= LOW, fcLK = 1.75MHz 

EFSN Negative full-scale error After Auto-Cal, 11 

AZ= LOW, fcLK = 1.75MHz 

Ez Zero Error 11,12 After Auto-Cal or Auto-Zero, 

AZ= LOW, fcLK = 1.75M Hz 

PSSz Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% 
Zero Error 13 V- = -5.0 ±5%, VREF = ±4.75V 

PSSF Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% 

Full-scale error V- = -5.0 ±5%, VREF = ±4.75V 

PSSL Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% 

Linearity error V- = -5.0 ±5%, VREF = ±4.75V 

SINADulB Unipolar Signal-to-Noise f1N = lkHz, V1N = 4.85V p-p 

and Distortion Ratio f1N = 20kHz, V1N = 4.85V p-p 

SINADslB Unipolar Signal-to-Noise f1N = 1 kHz, V1N = ±4.85V 

and Distortion Ratio f1N = 20kHz, V1N = ±4.85V 

BWu18 Unipolar -3dB bandwidth V1N = 4.85V p-p 

BW81s Bipolar -3dB bandwidth V1N = ±4.85V 

Aperture time 

Aperture uncertainty 

Notes for specification tables 

1. Absolute Maximum Ratings are limits beyond which 
the device may be damaged. Operating Conditions 
are limits under which the device is guaranteed to be 
functional, but those limits do not guarantee specific 
performance. Guaranteed specifications and test 
conditions are shown in the Electrical, Switching 
and System Performance Characteristics 
Tables. The guaranteed specifications apply only for 
the test conditions listed in the Electrical, 
Switching and System Performance 
Characteristics Tables. Some performance 
characteristics may degrade when the device is 
operated outside the listed test conditions. 

TRW LSI Products Inc. 

2. 

3. 

4. 

12 12 Bits 

±2.0 ±2.0 LSB 

±1.5 ±1.5 LSB 

±2.0 ±2.0 LSB 

±1.5 ±1.5 LSB 

±2.5 ±2.5 LSB 

±1.0 ±1.0 LSB 

±0.125 LSB 

±0.125 LSB 

±0.125 LSB 

72 dB 

72 dB 

76 dB 

76 dB 

32 kHz 

25 kHz 

100 ns 

100 PSRMS 

All voltages are measured with respect to AGND and 
DGND. unless otherwise specified. 

When the voltage at any pin exceeds the power 
supply voltages ( < V- or >AVcc or >DVcc), the 
current at that pin must be limited to 5mA. The 20mA 
maximum package input current rating allows the 
voltage any any four pins, with a current limit of 5mA, 
to simultaneously exceed the power supply voltages. 

The power dissipation of this device under normal 
operation should not exceed 191 mW (quiescent 
power plus one TTL load on each of the ten digital 
outputs). Care must be taken to ensure that Absolute 
Maximum Ratings are not violated when any inputs 
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Notes for specification tables (cont.) 

or outputs are driven to voltages greater than power 
supply voltages. The maximum power dissipation 
must be derated at elevated temperatures and is 
dictated by TJmax (maximum allowable junction 
temperature), 8JA (junction-to-ambient thermal 
resistance of the package). and TA (ambient 
temperature). The maximum allowable power 
dissipation at any temperature is given by: 

Pomax = (TJmax - TA)/8JA 

or the number given in the Absolute Maximum 
Ratings Table, whichever is lower. For the 
TMC1251, TJmax is 125°C and the typical thermal 
resistance (8JA) of the TMC1251 with 87F, 8781, and 
878 suffixes when board mounted is 51°C/W. 

5. Human body model, 1 OOpF discharged through a 
1.5kQ resistor. 

6. Two on-chip diodes are tied to the analog input as 
shown in the following Figure, Parasitic Diode 
Structure. A/D conversion errors can occur if these 
diodes are forward-biased more than 50mV. 
Therefore, if AVcc and DVcc are +4.75 Volts and V- is 
-4.75 Volts, the analog input range must be no 
greater than ±4.80 Volts. 

Parasitic Diode Structure 

7. 

21416A 

To guarantee accuracy, it is required that AV cc and 
DVcc be connected to the same power source but 
with separate decoupling capacitors at each pin. This 
prevents the parasitic diode between AV cc and DVcc 
from being forward biased. 

8. Accuracy is guaranteed with fcLK equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 

9. Typical specifications are at T J = 25°C and represent 
the most likely parametric norm (statistical "mode"). 

10. Positive linearity error is defined as the deviation of 
the analog value, expressed in LS8s, from the straight 
line that passes through positive full-scale and zero. 
For negative linearity error the straight line passes 
through negative full-scale and zero. (See Simplified 
Error Characteristic Curves) 

11. The TMC1251 's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of +0.20 LS8. 

12. When tA changes, an Auto-Zero or Auto-Cal cycle will 
be required for specified performance. (see Typical 
Performance Curves) 

13. After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 

14. When using WR to start an A/D conversion, if the 
CL~ is asynchronous with respect to the rising edge 
of WR an uncertainty of one clock period exists in the 
tA interval. Therefore, the minimum tA is six clock 
periods and the maximum tA is 7 clock periods. If the 
falling edge of CL~is synchronous with respect to 
the rising edge of WR then tA will be exactly 6.5 
clock periods. This does not occur when T/H is used. 

15. The CAL input must go HIGH before an A/D 
conversion is started. 

16. Guaranteed specifications apply for AV cc= DVcc = 
± 5.0V, V- = -5.0V, VREF = -5.0V and fcLK = 2.0MHz 
unless otherwise specified. 

17. Rise and fall times for digital inputs= 20ns, unless 
otherwise specified. 

18. Dynamic performance parameters are valid only 
after an Auto-Cal cycle has been completed. For 
guaranteed dynamic performance parameters, use 
TMC12441 or TMC12451 A/D converters. 
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Typical Performance Curves 

A. Linearity Error vs. VREF 

1.4 T T 
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C. Zero Error Change vs. Ambient Temperature 
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E. Unipolar Spectral Response with 10kHz 
Sinewave Input 
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V1N=5Vp·p 
TA= 25°C 
AVcc = DVcc = VREF = +5V 
V-= ·5V 
ICLK = 3.5MHz 
Sampling Rate = 83kHz 
SINAD = 72.01 dB 
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B. Zero Error vs. V REF 
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D. Unipolar Spectral Response with 1kHz 
Sinewave Input 
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F. Unipolar Spectral Response with 20kHz 
Sinewave Input 
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G. Unipolar Spectral Response 40kHz 
Sinewave Input 
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I. Bipolar Spectral Response with 10kHz 
Sinewave Input 
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K. Bipolar Spectral Response with 40kHz 
Sinewave Input 
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H. Bipolar Spectral Response with 1kHz . 

Sinewave Input 
20 

·20 

~-40 
~ 
I~ 

·BO 

·100 ~ 

·120 
0.0 

··-
...... 

Rs =500 
V1N =±5V 
TA•25'c 
AVcc = DVcc • VREF • +5V 
V·=-5V 
fCLK • 3.5MHz 
Sampling Rate = 83kHz 
SINAD • 76.86d8 

:iil . .. 
10.0 20.0 30.0 40.0 

FREQUENCY (kHz) 21418A 

J. Bipolar Spectral Response with 20kHz 
Sinewave Input 
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The Typical Interface Circuit 

Noise on AV cc. DVcc or V- power supply inputs can cause 
A/D conversion errors should the TMC1251 comparator be 
influenced by that noise. The TMC1251 is especially 
sensitive during the Auto-Zero or Auto-Cal cycles to power 

Typical Interface Circuit 

+12V TO 
+15V 

TOC4169 
+10.0V 

0.1 50KQ 
10-TUR 

-5V 

Ordering Information 

Product 
Number Temperature Range 

TMC1251B7F EXT, TA= -55°C to 125°C 

TMC1251B7B STD, TA= -40°C to 85°C 

TMC1251B781 STD, TA= -40°C to 85°C 

TMC1251E1C STD, TA= 0°c to 10°c 

supply noise. Low inductance 1 OµF tantalum capacitors in 
parallel with 0.1 µF ceramic capacitors are recommended for 
power supply decoupling. Separate decoupling capacitors 
should be placed close to the DVcc. AV cc and V- pins. 

22 
EOC 

VIN INT INT 

DBo-u DBo-8 
DB7 -12 DB1-12 

TMC1251 cs cs 
WR WR 

VREF 
RD 23 Ro 

AGND AZ AZ 

CAL CAL 
DGND 

CLK1N 
8 CLOCK 

V- T/H T/H 

21413A 

Package 
Screening Package Marking 

Commercial 28-pin CERDIP 1251 B7F 

Commercial 28-pin CERDIP 1251878 

Commercial 28-pin CERDIP 12518781 

Eurocard PC Board 1251E1C 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and specifications 

without notice. This information does not convey any license under patent rights of TRW LSI Products Inc .. TRW Inc .. or others. 

Life Support Policy 
TRW LSI PRoducts Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the component can reasonably be expected to result in 
personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC12441 

Self-Calibrating 12-Bit Plus Sign, 13µs, µP-Compatible Sampling 
A/D Converter 
Tested and Specified for DSP Applications 
TR\fl/'o HM'.1 ?441 io " rMnC:: 011rrPooi11P "nnrnvim,,tinn 
..... - . ···- ·- ... -- -· -···-- -------··- -i-1·-"····----·· 

analog-to-digital converter with 13-bit resolution. 
Physically identical to the TMC1241, the TMC12441 is 
dynamically tested and guaranteed to meet Signal-to­
Noise Ratio, Total Harmonic Distortion, Two-tone 
Intermodulation Distortion, Effective Bits, and Bandwidth 
specifications. 

The outstanding performance of the TMC12441 is the 
result of self-calibration, which reduces linearity and full­
scale errors while optimizing dynamic performance. The 
TMC12441 performs an Auto-Zero function that 
minimizes offset error. The Auto-Zero function can be 
performed as needed or prior to every AID conversion. 

The TMC12441 includes a track/hold input stage for 
sampling the analog input signal. Both unipolar and 
bipolar analog input voltage ranges (0 to + 5 and ± 5V) 
are accommodated. The TMC12441 requires only two 
power supplies, ± 5V. Its two's complement output data 
format uses the 13th bit to indicate the polarity of the 

Functional Block Diagram 

CORRECTION 
DAC 

VREF ~--!------+---___... 

cs 
WR 

Rii 
CAL 

AZ 

CLK1N 

CONTROL 
LOGIC 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

MAIN 
DAC 

inn11t oinn"I ninit"I inn11to "nrl n11tn11to "rP rnmn,,tihlP r--- -·.:i··- -·.:i·--· ···.---- - .. - ---r--- -·- --···r-·-·-·-

With TTL or CMOS logic levels and have microprocessor 
interface features. 

Features 
• Guaranteed SNR. THO, IMO, EFB, And Bandwidth 
• 13-Bit Resolution, 12 Bits Plus Sign 
• Internal Track/Hold 
• Conversion Time 13µs, Maximum 
• Auto-Calibration And Auto-Zero Cycles 
• Linearity Error Less Than ± 1 /2 LSB 
• Offset Error Less Than ± 1 LSB 
• Full-Scale Error Less Than ± 1 LSB 
• Power Consumption 70mW, Maximum 
• No Missing Codes, Guaranteed 
• TTL/CMOS Compatible 
• Standard 28 Pin DIP Package 

1-----•EOC 

1----•INT 

13 SAR 

OUTPUT 
REGISTER DBo.12 

2135BA 337 
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TMC12441 

Applications 

• Ultrasound Systems 
• Vibration Analysis 
• Audio/Speech Processing 
• Sonar 
• Motion Control 
• Digital Signal Processing 

Pin Assignments 

VIN 1 

VREF 2 

AGND 3 

AVcc 4 

TMC12441 

28 cvcc 

27 DB12 (SIGN) 

26 DB11 (MSB) 

25 DB10 

24 DBg 

23 088 

22 DB7 

21 DB6 

10 DB5 

19 DB4 

18 DB3 

17 DB2 

16 DB1 

15 DBo (LSB) 

21549A 

28 Pin CERDIP - B6 Package 

Functional Description 

General Information 

The TMC12441 is a successive approximation AID 
converter with 13-bit resolution 112-bit plus sign). The 
TMC12441 can perform Auto-Cal and Auto-Zero routines 
to minimize full-scale, linearity and offset errors while 
optimizing dynamic performance. It comprises a DIA 
converter, precision comparator and a Successive 
Approximation Register !SAR) along with digital and 
analog circuitry for self-calibration. The TMC12441 is 
identical with TRW's TMC1241 except that it is fully 
tested and specified under dynamic conditions. Signal-to­
Noise Ratio, Total Harmonic Distortion, Two-tone 
Intermodulation Distortion, Effective Bits and Bandwidth 
are tested and guaranteed under both bipolar and 
unipolar signal conditions. 
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The Auto-Zero cycle is an internal calibration sequence 
that corrects for AID offset error caused by the input 
offset voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error 
but also corrects for full-scale and linearity errors caused 
by DIA converter gain and linearity errors. The Auto-Cal 
feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the 
TMC12441. The Auto-Cal cycle restores the accuracy of 
the TMC12441 whenever it is requested. This ensures 
excellent long-term and temperature stability. 

Power and Ground 

The digital and analog power supply voltage range of the 
TMC12441 is + 4.5V to + 5.5V To guarantee accuracy, it 
is required that the AVcc, pin 4, and DVcc, pin 28, be 
connected to the same power source, but with separate 
decoupling capacitors 110µ.F tantalum and a 0.1 µ.F 
ceramic) between AV cc and DVcc and ground. V-, pin 
5, has a range of -4.5V to -5.5V and and should have 
10µ.F tantalum and 0.1 µ.F ceramic capacitors for power 
supply decoupling. 

Although AGND and DGND, pins 3 and 14 respectively, 
are distinguished from each other on the TMC12441, 
they should be connected together on the system printed 
circuit board to eliminate differential ground noise 
voltages which may degrade performance. AGND and 
DGND should be connected together as close to the 
TMC12441 as possible. 

Analog Inputs 

The voltage applied to the VREF input, pin 2, defines the 
input voltage range of the V1N input, pin 1, over which 
4095 positive output codes and 4096 negative output 
codes are found. The AID converter can be used in 
either ratiometric or absolute applications. The voltage 
source driving VREF must have a low output impedance 
and low noise. The circuit in the Typical Interface 
Circuit is a good example of a very stable reference 
source for the TMC12441. 

In a ratiometric application, the analog input voltage is 
proportional to the voltage used for the VRff If V1N is 
related or proportional to AVcc, VREF can be connected 
directly to AVcc Here, V1N and VREF are related and 
track each other as the power supply voltage changes, 
making the output code of the TMC12441 independent 
of power supply voltage variations. 

TRW LSI Products Inc. 
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Analog Inputs (cont.) 

For absolute accuracy, where the V1N varies indepen­
dently of power supply voltage, VREF should be driven 
from a time and temperature-stable voltage source like 
that shown in the Typical Interface Circuit. The 
magnitude of VREF may require an adjustment to achieve 
system gain requirements. 

Due to the architecture of the TMC12441, a variable 
current will tlow into or out (depending on V1N polarity) 
of the V1N pin at the start of the analog input sampling 
period, tA- The peak value of this current is proportional 
to the magnitude of the applied VIN· A small capacitor 
from V1N to AGND can be used to reduce noise and 
clock feedthrough due to inductive coupling from long 
input leads and will not degrade the accuracy of the 
conversion. It is advisable, however, to keep V1N and 
VREF input lines as short as possible. 

The analog input can be modeled as shown in the 
Analog Input Equivalent Circuit. Large source 
resistance, Rs. will lengthen the time necessary for the 
voltage on CREF to settle to within 112 LSB of the 
voltage on VIN· With fcLK of 2MHz, tA takes seven 
clock periods, or 3.5µ,S. When Rs is less than or equal 
to 1 kO, a 5.DV V1N will have adequate time to settle. 

Dynamic Performance 

For Digital Signal Processing applications, it is not 
sufficient to evaluate and qualify an AID converter only 
on the basis of its integral or differential linearity 
characteristics. In DSP applications, the AID converter is 
usually digitizing dynamic signals (as opposed to static) 
and new concerns about noise, distortion, and frequency 
response become important. 

The TMC12441 is intended for use in DSP applications 
and carries with it specifications that are not normally 
associated with similar AID converters intended for 
application in process control, industrial control, data 
acquisition, and instrumentation. 

Signal-to-Noise Ratio, Total Harmonic Distortion, and 
Two-tone Intermodulation Distortion are tested and 
guaranteed parameters of the TMC12441. These 
parameters are tested by having the A/D converter 
digitize a sinewave at a specified frequency and 

TRW LSI Products Inc. 

amplitude. Data is transferred from the A/D converter to 
a computer where Fast Fourier Transform (FFT) analysis 
converts the time-domain data into the frequency-domain 
where SNR. THO and IMO are extracted. The Effective 
Bits parameter of the TMC12441 is calculated from 
Signal-to-Noise Ratio by: 

EFB = (SNR-1.8)/6.02 

Auto-Cal and Auto-Zero Cycles 

When power is initially applied to the TMC12441, an 
Auto-Ca/ cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the 
TMC12441. An additional calibration cycle should be 
started after the power supplies, reference, and clock 
have been given adequate time to stabilize. 

When CAL, pin 9, is LOW, the TMC12441 is reset and 
an Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. 
These values are stored in the internal RAM and used 
during AID conversion cycles to reduce the TMC12441 's 
gain, offset. and linearity errors to the specified limits. It 
is only necessary to go through the Auto-Ca/ cycle once 
after initial power is applied. 

To correct for any change in the offset error of the AID 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled "Zero Error Change vs. Ambient Temperature" 
in the Typical Performance Curves). A change in the 
ambient temperature will cause ttre offset voltage of the 
comparator to change, which may cause the offset error 
of the A/D converter to be greater than its specified 
limit. 

With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC12441 will execute an Auto-Zero cycle 
before the actual AID conversion cycle is started. The 
total conversion time (tel is increased by 26 clock 
periods when Auto-Zero is used. An Auto-Zero cycle will 
reduce the offset error of the TMC12441 to less than 
±1 LSB. 
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Microprocessor Interface Controls 

On initial power-up, an Auto-Cal cycle is executed by 
bringing CAL LOW while CS, RD and WR are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC 
goes LOW after the falling edge of CAL and remains 
LOW during the Auto-Cal cycle duration of 1,396 clock 
periods. During the Auto-Cal cycle, first the comparator 
offset error is determined and then the DIA converter 
gain and linearity errors are found. Correction factors for 
these errors are stored in the internal RAM. 

An AID conversion cycle is initiated by bringing CS and 
WR LOW. The AZ input should be tied HIGH or LOW 
during the conversion process. If AZ is LOW when AID 
conversion is executed, an Auto-Zero cycle (duration 
equals 26 clock periods) occurs before the AID 
conversion is started. If AZ is HIGH, no Auto-Zero cycle 
is executed. Once the AID conversion sequence is 
started, V1N is tracked for seven clock periods and held 
thereafter. EOC then goes LOW, indicating that V1N is no 
longer being tracked and that the successive approxi­
mation conversion sequence has started. 

During an AID conversion cycle, the held V1N is 
successively compared to the output of the corrected 
DIA converter (main and correction DIA converters). 

First, the held voltage is compared to analog ground to 
determine its polarity (sign bit). The sign bit is set LOW 
for positive V1N and HIGH for negative VIN· Next, the 
MSB of the DIA converter is set HIGH with all other bits 
LOW. If the the held voltage is greater than the output 
of the ·DIA converter, then the MSB is left HIGH; 
otherwise, it is set LOW. The next bit is then set HIGH, 
making the output of the DIA converter 314 or 114 of 
full-scale, depending on the outcome of the previous bit. 
If the held voltage is greater than the new DIA 
converter value then the bit remains HIGH. If the held 
voltage is less than the new DIA converter value the bit 
is set LOW. This process continues until each bit has 
been tested. The result is then transferred to the output 
register of the TMC12441. EOC goes HIGH andlNT goes 
LOW indicating the end of the conversion. The result can 
now be read by bringing CS" and RD LOW to enable the 
DBo-12 outputs. 

The AID Control Input Functions (Table 1) summarizes 
the effect of the digital control inputs on the TMC12441. 
Test Mode (where RD is HIGH and CS and CAL are 
LOW) is used in the manufacturing process of the 
TMC12441. Care should be taken to avoid this mode. In 
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Test Mode DB2. D83, D85, and DB5 become active 
outputs, which may cause data bus contention. 

The TMC12441 can be completely reset, aborting all 
sequences that may be in progress. The AID converter is 
reset where a new conversion is started by taking CS 
and WR LOW. If this occurs when V1N is being tracked 
or when EOC is LOW, the Auto-Cal correction factors in 
RAM may be corrupted. After reset, it is necessary to 
execute an Auto-Cal cycle before the next AID 
conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 

Summary of Control Inputs 

CS The Chip Select control input, pin 10, is 
active LOW and enables the WR and RD 
functions. 

WR The AID conversion is started on the rising 
edge of the Write control input, pin 7, 
when CS is LOW. 

EOC 

The Read control input, pin 11, is active 
LOW and is used to enable the three-state 
data outputs and reset INT HIGH when CS 
is LOW. 

With the AZ input, pin 6, held LOW during 
a conversion cycle, the TMC12441 will 
execute an Auto-Zero cycle before the 
actual AID conversion cycle is started. The 
total conversion time Itel is increased by 26 
clock periods when Auto-Zero is used. 

When CAL pin 9, is LOW, the TMC12441 
is reset and an Auto-Cal cycle is initiated. 

The clock input, pin 8, controls all sequence 
timing and AID conversion time. The · 
frequency range for CLK1N is from 0.50 to 
4MHz. 

The End-of-Conversion control output, pin 
12, is LOW during AID conversion, Auto-Cal 
and Auto-Zero cycles. 

The interrupt control output, pin 13, goes 
LOW when a conversion has been com­
pleted and indicates that the conversion 
result is available from the output register. 
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Summary of Control Inputs (cont.) DBQ-12 

INT 
leant.) 

Reading the outputs or starting an AID 
conversion, Auto-Cal or Auto-Zero cycle will 
reset in INT going HIGH. 

Table 1. AID Control Input Functions 

Control Inputs 

cs WR 1 RD CAL AZ 

1I 1I 1 1 1 

1I 1 1I 1 1 

1I 1I 1 1 0 
1 x x 1I x 
0 x 1 0 x 

Package Interconnections 

Signal Signal 
Type Name Function 

Power AV cc Positive Analog Supply 

DVcc Positive Digital Supply 
V- Negative Analog Supply 

Ground AGND Analog Ground 

DGND Digital Ground 

Analog Inputs VIN Analog Signal Input 

VREF Reference Input 

Digital Inputs CLK1N Clock Input 
AZ Auto-Zero 
CAL Calibrate 

RD Read 

WR Write 

cs Chip Select 

Digital Outputs EOG End of Calibration 
INT Interrupt 

DB12 SGN Sign Bit 

DB11 MSB Most Significant Bit 

DB10 
DB9 
DB3 

DB7 

DB5 

DB5 
DB4 

DB3 
DB2 

DB1 
DBo LSB Least Significant Bit 

TRW LSI Products Inc. 

The three-state outputs, pins 15 to 27, give 
AID conversion results in two's complement 
format with DB 12 being the sign bit, DB 11 
the MSB and DBo the LSB. 

AID Function 

Start AID conversion without Auto-Zero 

Read AID conversion result without Auto-Zero 

Start AID conversion with Auto-Zero 
Start Auto-Cal cycle 

Test Mode (DB2, DB3, DB5 and DB5 active) 

Value 86 Package Pins 

+5.0V 4 
+5.0V 28 
-5.0V 5 

o.ov 3 
o.ov 14 

±4.7V 1 

+4.7V 2 

TTL 8 
TTL 6 
TTL 9 
TTL 11 
TTL 7 
TTL 10 

TTL 12 
TTL 13 
TTL 27 

TTL 26 
TTL 25 
TTL 24 

TTL 23 

TTL 22 

TTL 21 

TTL 20 
TTL 19 
TTL 18 
TTL 17 

TTL 16 

TTL 15 
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Figure 1. Timing Diagram, Auto-Cal Cycle lCS=HIGH, WR=RD=AZ=Don't Carel 

CLOCK 

~ 11 CAL \ • 
-j ""'---' j..- 1PWCAL 

) 

--------- tcALAuto-Cal Cycle ______ ____, 

EOC ----, ·1396CLOCKS 1.----------
~--------'>S~S-----------'I 

21360A 

Figure 2. Timing Diagram, A/D Conversion Cycle with Auto-Zero (CAL= HIGH, AZ= LOWI 

cs\ ___ / ) 

( 

J 

( 

) 

'r---\1 I I 
EOC I lz Auto· Zero I IA Acq~!s~~ion _ ~--'>' J _J d 
- ~ ·26CLOCKS .. ... ·7CLOCKS --i ~ \. I 1PDINT 

INT ~'.l,=W 1-------
DBo.12 - - - - - - - - - - - - - - - - - - - - - - - - - - D-- - - - - - . 

'ENA-I ~ I 21361A 
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Figure 3. Timing Diagram, Normal AID Conversion Cycle without Auto-Zero (CAL=AZ=HIGH) 

CLOCKnrum~ 

Figure 4. Simplified Error Characteristics vs. Output Code without Auto-Cal or Auto-Zero Cycles 

t 
OUTPUT CODE 
ERROR 

~ I -- ___ _l ___ _ 
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+12LSB 

+8 LSB 

-8 LSB 

-4 LSB 

POSITIVE 
FULL-SCALE 

.,,.. ERROR 

1--------i ___ _ 

ERROR 
(LSB) 

+4095 

INPUTVOLTAGE _____. 

21363A 
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Figure 5. Simplified Error Characteristics vs. Output Code after Auto-Cal 

NEGATIVE 
FULL· SCALE ZERO 
ERROR ERROR 

1 ___ 1_ 

Figure 6. Transfer Characteristics 

i 
OUTPUT 
CODE 

+3 LSB 

ERROR +2 LSB 
(LSB) 

+1 LSB 

·1 LSB 

-2LSB 

·1 LSB 

(+4095) 0,1111,1111,1111 
(+4094) 0,1111,1111,1110 

t 
OUTPUT CODE 
ERROR 

i 

/ 
/ 

/ 

(2) 0,0000,0000,0010 / 

POSITIVE POSITIVE 
LINEARITY FULL· SCALE 
ERROR ERROR 

INPUT VOLTAGE .. 

/ 
/ 

/ 
/ 

/ 

21364A 

____f'PoslTIVE ....,..r-- FULL· SCALE 
/ 

(1) 0,0000,0000,0001 ~ZERO TRANSITION 
1----------- (0)0,0000,0000,0000 -...+-.:=------------------i 

/ 
/ 

/ 
NEGATIVE _ ___s-
FULL· SCALU-

/ 
/ 

/ 

/ 

/ 
/ 

/ 

Figure 7. Analog Input Equivalent Circuit 
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1,1111,1111,1111 (·1) 
1,1111,1111,1110 (·2) 

.. 

1,0000,0000,0001 (-4095) 
1,0000,0000,0000 (·4096) 

INPUTVOLTAGE ___. 

21365A 

21550A 
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Figure 8. Output Test Loads 

DVcc 

RD 

Output Coding Table 

Input DB12 
Voltage Sign 

>4.096V 0 

+4.096V 0 

+4.095V 0 
+4.094V 0 

+0.002V 0 
+0.001V 0 

o.ooov 0 
-0.00lV 
-0.002V 

-4.094V 

-4.095V 
-4.096V 
,;;'.4.096V 

RD 

GND 

VoHt~H 90% 
DBx 

GND 

DB11 DBo 
MSB LSB 

1111 1111 1111 
1111 1111 1111 

1111 1111 1110 

1111 1111 1101 

0000 0000 0010 

0000 0000 0001 

0000 0000 0000 

1111 1111 1111 
1111 1111 1110 

0000 0000 0010 

0000 0000 0001 
0000 0000 0000 

0000 0000 0000 

Note: 1. The input voltage range used tor this table is ± 4.096V 
and the input voltages are measured at code centers. 

TRW LSI Products Inc. 

DVcc DVcc 

RD DATA 
OUTPUT 

RD 50% 
GND 10% 

"'"·~- t 
DBx 

v 10% l."-
OL 215511\ ~ 
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Absolute maximum ratings !beyond which the device may be damaged) 1,2 

Supply Voltages 
DV CC .................................................................................................................................................................................. - 0.5 to + 6.5V 

AV CC .............................................................................................. ;................................................................................... - 0.5 to + 6.5V 

V- ..................................................................................................................................................................................... + 0.5 to -6.5V 

AV cc- DVcc 7 .................................................................................................................................................................. - o.3 to + o.3V 

AGNo- DGND ................................................................................................................................................................... -0.3 to + 0.3V 

Input Voltages 
Digital Inputs .......................................................................................................................................................... DVcc + 0.3) to -0.3V 

Analog Inputs ............................................................................................................................................... (AV cc+ 0.3) to (V- -0.3)V 

Outputs 
Digital Outputs, applied voltage .................................................................................................................................... -0.5V to DVcc 

Input current, any pin, externally forced 3 ................................................................................................................................. ± 5mA 

Short-circuit duration (single output to GND) ....................................................................................................................... Unlimited 

Temperature 
Operating, case .............................................................................................................................................................. - 60 to + 135°C 

Lead, soldering (10 seconds) ...................................................................................................................................................... +300°C 

Storage ............................................................................................................................................................................ - 65 ·to + 150°C 

Package Input Current 3 ..................................................................................................................................................................................... ± 20mA 

Package Power Dissipation at 25°C 4 ............................................................................................................................................................. 875mW 

ESD Susceptibility 5 ................................................................................................................................................................................................ 2000V 
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Operating conditions 1,2, 16, 18 

Temperature Range 

Industrial Extended 
Parameter Min Nom Max Min Nom Max Units 

AVcc· DVcc Positive Power Supply Voltages 6.7 4.5 5.0 5.5 4.5 5.0 5.5 v 
V- Negative Power Supply Voltage -4.5 -5.0 -5.5 -4.5 -5.0 -5.5 v 

AVcc-DVcc Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 
AGND-!JGND Gr::::urid V::::!tage D1fferer:tiat D.1 a.a n' n' nn n' " "·' -u.1 "·" "·' ' 
VIN Input Voltage Range V- - .050 ±4.096 AVcc+.o5o V- -.050 ±4.096 AVcc+.o5o v 
VREF Reference Voltage 6.7 3.5 +4.096 AVcc+.o5o 3.5 +4.096 AV cc+ .o5o v 

fcLK Clock Frequency 0.5 2.0 4.0 0.5 2.0 4.0 MHz 

Clock Duty Cycle 40 50 60 40 50 60 % 

VIL Input Voltage, Logic LOW, 1.4 0.8 1.4 0.8 v 
all but CLK1N· DVcc=4.75V 

V1H Input Voltage, Logic HIGH, 2.0 1.4 2.0 1.4 v 
all but CLKIN· DVcc = 5.25V 

loL Output Current, Logic LOW -6.0 -20 -6.0 -20 mA 

loH Output Current, Logic HIGH 8.0 20 8.0 20 mA 

TJ Junction Temperature, -40 +85 oc 

TMC12441868, TMC124418681 

TJ Junction Temperature, -55 +125 oc 

TMC1244186F 

Electrical characteristics within specified operating conditions 1,2,6,7,8,9,16 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Diec DVcc Supply Current fCLK = 2.0MHz, CS= HIGH 1.0 2.0 2.0 mA 

Alec AVcc Supply Current fcLK = 2.0MHz, CS= HIGH 2.8 6.0 6.0 mA 

I- V - Supply Current fcLK=2.0MHz, CS=HIGH 2.8 6.0 6.0 mA 

C1N Analog Input Capacitance 65 pf 

CREF Reference Input Capacitance 80 pF 

l1L Input Current, Logic LOW -0.005 -1.0 -1.0 µA 

l1H Input Current, Logic HIGH 0.005 1.0 1.0 µA 

VT+ Positive-Going Threshold, CLK1N 2.8 2.7 2.7 v 
VT- Negative-Going Threshold, CLK1N 2.1 2.3 2.3 v 
VH Hysteresis, CLK1N VT+ -VT- 0.7 0.4 0.4 v 

Vol Output Voltage, Logic LOW louT = 1.6mA, Vee= 4.75V 0.4 0.4 v 
VoH Output Voltage, Logic HIGH louT= -360µA, Vcc=4.75V 2.4 2.4 v 

louT= -lOµA, Vcc=4.75V 4.5 4.5 v 

lozL Output Leakage Current, LOW Vour=O.OV -0.01 -3.0 -3.0 µA 

lozH Output Leakage Current, HIGH Vour=5.0V 0.01 3.0 3.0 µA 
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Switching characteristics within specified operating conditions 1,2,6,7,8,9, 16, 18 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

tc Conversion Time 27 ifcLK + 0.3 27 ifcLK + 0.3 µS 

fcLK = 2.0MHz 13.5 µs 

tA Acquisition Time 14 Rs=500 7/fcLK+0.3 7/fcLK + 0.3 µs 

fcLK = 2.0MHz 3.5 µS 

tz Auto-Zero Time 26/fcLK 26/fcLK µS 

fcLK = 2.0MHz 13 µS 

tcAL Calibration Time 1396/fcLK µS 

fcLK = 2.0MHz 698 706 706 µS 

tPWCAL Calibration Pulse Width Note 15 60 200 200 ns 

tPWWR WR Pulse Width 60 200 200 ns 

tPDINT RD or WR to Reset of INT 100 175 175 ns 

tENA Output Enable Time CL =100pF 50 85 85 ns 

tD1s Data Disable Time CL= 100pF, RL = 1k0 30 90 90 ns 

System performance characteristics within specified operating conditions 1,2,6,7,8,9,16 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

Eup Positive Integral Linearity Error After Auto-Cal 10.11 ±0.5 LSB 

EuN Negative Integral Linearity Error After Auto-Cal 10.11 ±0.5 LSB .. 

ELD Differential Linearity Error After Auto-Cal ID, I I 12 Bits 

EFSP Positive Full-Scale Error After Auto-Cal 11 ±0.5 ± 1.0 ± 1.0 LSB 

EFSN Negative Full-Scale Error After Auto-Cal 11 ± 1.0 ±2.0 ±2.0 LSB 

Ez Zero Error11.12 After Auto-Cal or Auto-Zero ± 1.0 ± 1.0 LSB 

PSSz Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 

Zero Error 13 V-=-5.0±5%, VREF=+4.75V 

PSSF Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 

Full-Scale Error V-=-5.0±5%, VREF=+4.75V 

PSSL Power Supply Sensitivity, AVcc=DVcc= +5.0±5% ±0.125 LSB 

Linearity Error V- = -5.0±5%, VREF= +4.75V 
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Dynamic performance characteristics within specified operating conditions 1,2,6,7,8,9, 16, 17 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

SNRB Signal-to-Noise Ratio, Bipolar Input f1N = 1 kHz, VIN= ± 4.B5Vp-p 7B dB 

f1N = 1 OkHz, VIN= ± 4.B5Vp-p 7B dB 

f1N = 20kHz, VIN= ± 4.B5Vp-p 7B 76.5 76.5 dB 

SN Ru Signal-to-Noise Ratio, Unipolar Input f1N = 1 kHz, VIN= 4.B5Vp-p 73 dB 

f1N = 1 OkHz, VIN= 4.B5Vp-p 73 dB 

f1N = 20kHz, VIN= 4.B5Vp-p 73 71.5 71.5 dB 

SFDRB Spurious Free Dynamic Range, f1N = 1 kHz, VIN= ± 4.B5Vp-p -BB dB 
Bipolar Input f1N = 1 OkHz, VIN= ± 4.B5Vp-p -B4 dB 

f1N = 20kHz, VIN= ± 4.B5Vp-p -BO dB 

SFDRu Spurious Free Dynamic Range, f1N = 1 kHz, V1N = 4.B5Vp-p -90 dB 

Unipolar Input f1N = 1 OkHz, VIN= 4.B5Vp-p -B6 dB 

f1N = 20kHz, VIN =4.B5Vp-p -B2 dB 

THDB Total Harmonic Distortion, f1N=lkHz, V1N= ±4.B5Vp-p -B2 dB 
Bipolar Input f1N = 19.6BBkHz, VIN= ± 4.B5Vp-p -BO -75 -75 dB 

TH Du Total Harmonic Distortion, f1N = 1 kHz, VIN= ± 4.85Vp-p -82 dB 

Unipolar Input f1N = 19.68BkHz, VIN= ± 4.85Vp-p -BO -75 - 75 dB 

IMDB Two-Tone Intermodulation Distortion, VIN= ± 4.85Vp-p, -78 - 74 ·- 74 dB 

Bipolar Input flNl = 19.375kHz, fiNr 20.625kHz 

IMDu Two-Tone Intermodulation Distortion, VIN= 4.85Vp-p, -7B -73 -73 dB 

Unipolar Input f1N 1 = 19.375kHz, f1N2 = 20.625kHz 

EFBB Effective Bits, Bipolar Input f1N = 1 kHz, VIN= ±4.85Vp-p 12.6 Bits 

f1N = 20kHz, VIN= ± 4.85Vp-p 12.6 12.4 12.4 Bits 

EFBu Effective Bits, Unipolar Input f1N= 1 kHz, VIN =4.B5Vp-p 11.B Bits 

f1N = 20kHz, VIN= 4.85Vp-p 11.B 11.6 11.6 Bits 

BWB Bandwidth, Bipolar Input VIN= ± 4.85Vp-p 25 20 20 kHz 

BWu Bandwidth, Unipolar Input VIN= 4.85Vp-p 30 20 20 kHz 

tAP Aperture Time 100 ns 

tAPJ Aperture Jitter 100 PSrms 

Notes for Specification Tables 

1. Absolute Maximum Ratings are limits beyond which 
the device may be damaged. Operating Conditions 
are limits under which the device is guaranteed to 
be functional, but those limits do not guarantee 
specific performance. Guaranteed specifications and 
test conditions are shown in the Electrical, 
Switching and System Performance Character­
istics Tables. The guaranteed specifications apply 
only tor the test conditions listed in the Electrical, 
Switching and System Performance Character­
istics Tables. Some performance characteristics 

may degrade when the device is operated outside 
the listed test conditions. 

TRW LSI Products Inc. 

2. All voltages are measured with respect to AGND 
and DGND· unless otherwise specified. 

3. When the voltage at any pin exceeds the power 
supply voltages (< V- or >AV cc or > DVccl. 
the current at that pin must be limited to 5mA. 
The 2DmA maximum package input current rating 
allows the voltage any any tour pins, with a current 
limit of 5mA, to simultaneously exceed the power 
supply voltages. 
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Notes for Specification Tables (cont.) 

4. The maximum power dissipation must be derated at 
elevated temperatures and is dictated by T Jmax 
(maximum allowable junction temperature). OJA 
(junction-to-ambient thermal resistance of the 
package). and TA (ambient temperature). The 
maximum allowable power dissipation at any 
temperature is given by: 

Pomax= ITJmax-TA)IOJA 

or the number given in the Absolute Maximum 
Ratings Table, whichever is lower. For the 
TMC12441, TJmax is 125°C and the typical 
thermal resistance (OJAI of the TMC12441 with 
BBF. B6B1, and BBB suffixes when board mounted 
is 47°C/W. 

5. Human body model, 100pF discharged through a 
1. 5kQ resistor. 

G. Two on-chip diodes are tied to the analog input as 
shown in the following figure, Parasitic Diode 
Structure. AID conversion errors can occur if these 
diodes are forward-biased more than 50mV. 

Parasitic Diode Structure 

TMC12441 21552A 

7. To guarantee accuracy, it is required that AVcc and 
DVcc be connected to the same power source but 
with separate decoupling capacitors at each pin. 

8. Accuracy is guaranteed with fcKL equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 

350 

·;;~n 

9. Typical specifications are at T J = 25°C and repre­
sent the most likely parametric norm (statistical 
"mode"). 

10. Positive linearity error is defined as the deviation of 
the analog value, expressed in LSBs, from the 
straight line that passes through positive full-scale 
and zero. For negative linearity error the straight 
line passes through negative full-scale and zero. 
(See Simplified Error Characteristic Curves.) 

11. The TMC12441's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of ± 0.20 LSB. 

12. When TA changes, an Auto-Zero or Auto-Cal cycle 
will be required for specified performance. (See 
Typical Performance Curves.) 

13. After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 

14. If the CLK1N is asynchronous with respect to the 
falling edge of WR an uncertainty of one clock 
period exists in the tA interval. Therefore, the 
minimum tA is six clock periods and the maximum 
tA is 7 clock periods. If the falling edge of CLK1N 
is synchronous with respect to the rising edge of 
WR then tA will be exactly 6.5 clock periods. 

15. The CAL input must go HIGH before an AID 
conversion is started. 

16. Guaranteed specifications apply for AV cc= 
DVcc= +5.0V. V- = -5.0V, VREF= -5.0V and 
fcLK = 2.0MHz unless otherwise specified. 

17. Specifications guaranteed after Auto-Cal cycle is 
completed. 

18. Rise and fall times for digital inputs= 20ns, unless 
otherwise specified. 
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Typical Performance Curves 

A. Linearity Error vs. VREF 
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Typical Performance Curves (cont.) 

G. Unipolar SINAD vs. Input Frequency 
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K. Bipolar Spectral Response with 10kHz Sine 
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H. Bipolar SINAD vs. Input Source Impedance 
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Typical Performance Curves (cont.) 

M. Unipolar Spectral Response with 1kHz Sine 
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N. Unipolar Spectral Response with 10kHz Sine 
Wave Input 
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The Typical Interface Circuit 

Noise on AVcc. DVcc or V- power supply inputs can 
cause AID conversion errors should the TMC12441 
comparator be influenced by that noise. The TMC12441 
is especially sensitive during the Auto-Zero or Auto-Cal 
cycles to power supply noise. Low inductance 101-'F 

Typical Interface Circuit 

+12VTO 
+15V 

TDC4169 

0.1 4 
SOKO 
10·TURN 

-sv 

Ordering Information 

Product Temperature Range 
Number 

TMC12441B6F EXT-TA= -55°C to 12s0 c 
TMC12441B6B STD-TA=-40°C to 85°C 

TMC1241E1C STD-TA =0°C to 70°C 

-~·-· 11,1rir 

tantalum capacitors i~ parallel with 0.1 l'F ceramic 
capacitors are recommended for power supply 
decoupling. Separate decoupling capacitors should 
be placed close to the DVcc. AVcc and V- pins. 

DY cc_ 12 
EOC EOC 

VIN INT INT 

DBo.12 DBo.12 

TMC12441 cs cs 
WR WR 

VREF 
RD 11 FiD 

AGND AZ AZ 

CAL 9 CAL 
DGNO 

CLK1N CLOCK y. 

21553A 

Screening Package Package 
Marking 

Commercial 28 Pin CERDIP 12441B6F 
Commercial 28 Pin CERDIP 12441868 

-- Eurocard Format Board 1241E1C 
with AID Converter 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to 
products and specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc .• TRW Inc., or others. 
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Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC12451 --~·-· ...... 
Self-Calibrating 12-Bit Plus Sign, 7.7 µs, µP-Compatible Sampling AID 
Converter Tested and Specified for DSP Applications 
TRW's TMC12451 is a CMOS successive-approximation 
analog-to-digital converter with 13-bit resolution. 
Physically identical to the TMC1251. the TMC12451 is 
dynamically tested and guaranteed to meet Signal-to­
Noise Ratio, Total Harmonic Distortion, Two-tone 
Intermodulation Distortion. Effective Bits, and Bandwidth 
specifications. 

The outstanding performance of the TMC12451 is the 
result of self-calibration, which reduces linearity and full­
scale errors while optimizing dynamic performance. The 
TMC12451 performs an Auto-Zero function that minimizes 
offset error. The Auto-Zero function can be performed as 
needed or prior to every A/D conversion. 

The TMC12451 includes a track/hold input stage for 
sampling the analog input signal. Both unipolar and 
bipolar analog input voltage ranges (0 to +5 and ±5 Volts) 
are accommodated. The TMC12451 requires only two 
power supplies. ±5 Volts. Its two's-complement output 
data format uses the 13th bit to indicate the polarity of the 
input signal. The 13-bit conversion result from the 

Functional Block Diagram 

T/H RAM 

10 
VREF 

MAIN 
DAC 

cs 
WR 

RD CONTROL 
CAL LOGIC 

AZ 
CLK1N 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla. CA 92038 

TMC12451 is read from its 8 outputs in two successive 
bytes. Digital inputs and outputs are compatible with TTL ~ 
or CMOS logic levels and have microprocessor interface ~ 
features. 

Features 

• Guaranteed SNR. THO. IMO. EFB, and Bandwidth 
• 13-Bit Resolution, 12 Bits Plus Sign 
• Internal Track/Hold 
• Conversion Time 7.7µs, Maximum 
• Auto-Calibration And Auto-Zero Cycles 
• Linearity Error Less Than ±1/2 LSB 
• Offset Error Less Than ± 1 LSB 
• Full-Scale Error Less Than± 1.5 LSB 
• Power Consumption 113 mW. Maximum 
• Eight-Bit Microprocessor Interface 
• TTL/CMOS Compatible 
• Standard 24-lead DIP Package 

ALU 
EOC 

INT 

SAR 

OUTPUT DBs -12 - DBo-1 REGISTER 
MiiX 

5 

DBs-12 

21400A 
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Pin Assignments 

TMC12451 

24 DVcc 

23 RD 

22 EDC 

21 INT 

20 DB7tDB12 

19 DB6/DB12 
18 DB5/DB12 

17 DB4/DB12 
16 DB3/DB 11 

15 DB2/DB10 

14 DB1tDBg 

13 DBg/DBe 

21401A 

24-pin DIP package 

Applications 

• Ultrasound Systems 
• V1briltion Analysis 
• Audiu/Spuech Processing 
• Sonar 
• Motio11 Control 
• Digital Signal Processing 

Functional Description 

General Information 

The TMC12451 is a successive approximation A/D converter 
with 13-bit resolution (12-bit plus sign). The TMC12451 can 
perform Auto-Cal and Auto-Zero routines to minimize full­
scale, linearity and offset errors while optimizing dynamic 
performance. It comprises a D/A converter, precision 
comparator and a successive-approximation register (SAR) 
along with digital and analog circuitry for self-calibration. 
The ~~C12451 is identical with TRW's TMC1251 except 
that 1t 1s fully tested and specified under dynamic 
conditions. Signal-to-Noise Ratio, Total Harmonic 
Distortion, Two-tone Intermodulation Distortion, Effective 
Bits and Bandwidth are tested and guaranteed under both 
bipolar and unipolar signal conditions. 

The Auto-Zero cycle is an internal calibration sequence that 
corrects for A/D offset error caused by the input offset 
voltage of the comparator. The Auto-Cal cycle is a 
calibration sequence that not only corrects offset error but 
also corrects for full-scale and linearity errors caused by 
D/A converter gain and linearity errors. The Auto-Cal 

356 

feature eliminates the need for trimming or other 
adjustment methods in the manufacture of the TMC1251. 
The Auto-Cal cycle restores the accuracy of the TMC1251 
whenever it is requested. This ensures excellent long-term 
and temperature stability. 

The internal track/hold input stage can be controlled by the 
TMC1251 inherent convers]Qn sequencing circuitry or 
externally by the use of the T/H control input. This control 
allows the timing and duration of the analog signal 
acquisition period just prior to initiating an A/D conversion 
cycle. The 13-bit result is made available in two successive 
bytes from the eight-bit wide output port. 

Power and Ground 

The digital and analog power supply voltage range of the 
TMC1251 is+ 4.5V to+ 5.5V. To guarantee accuracy, it is 
required that the AVcc. pin 4, and DVcc. pin 24, be 
connected to the same power source, but with separate 
decoupling capacitors (10µF tantalum and a 0.1µF ceramic) 
between AVcc and DVcc and ground. V-. pin 5, has a range 
of-4.5V to -5.5V and and should have 1 OµF tantalum and 
0.1µF ceramic capacitors for power supply decoupling. 

Although AGND and DGND· pins 3 and 24 respectively, are 
distinguished from each other on the TMC1251. they 
should be connected together on the system printed circuit 
board to eliminate differential ground noise voltages which 
may degrade performance. AGND and DGND should be 
connected together as close to the TMC1251 as possible. 

Analog Inputs 

The voltage applied to the VREF input, pin 2. defines the 
input voltage range of the V1N input. pin 1, over which 4095 
positive output codes and 4096 negative output codes are 
found. The A/D converter can be used in either ratiometric 
or absolute applications. The voltage source driving VREF 
must have a low output impedance and low noise. The 
circuit in the Typical Interface Circuit is a good example 
of a very stable reference source for the TMC1251. 

In a ratiometric application. the analog input voltage is 
proportional to the voltage used for the VREF. If V1N is 
related or proportional to AV cc. VREF can be connected 
directly to AV cc· Here. V1N and VREF are related and track 
each other as the power supply voltage changes. making 
the output code of the TMC1251 independent of power 
supply voltage variations. 

For absolute accuracy, where the V1N varies independently 
of power supply voltage, VREF should be driven from a 

TRW LSI Products Inc. 



TMC12451 

time- and temperature-stable voltage source like that 
shown in the Typical Interface Circuit. The magnitude of 
VREF may require an adjustment to achieve system gain 
requirements. 

Due to the architecture of the TMC1251, a variable current 
will flow into or out of (depending on V1N polarity) the V1N 
pin at the start of the analog input sampling period, tA- The 
peak value of this current is proportional to the magnitude 
of the appiied \i1N. A smaii capacitor from \i1N to AGND can 
be used to reduce noise and clock feedthrough due to 
inductive coupling from long input leads and will not 
degrade the accuracy of the conversion. It is advisable, 
however, to keep V1N and VREF input lines as short as 
possible. 

The analog input can be modeled as shown in the Analog 
Input Equivalent Circuit. Large source resistance, Rs, wil I 
lengthen the time necessary for the voltage on CREF to 
settle to within 1/2 LSB of the voltage on VIN· With fcLK of 
2MHz, tA takes seven clock periods, or 3.5µs. When Rs is 
less than or equal to 1 kn, a 5.0 Volt V1N will have 
adequate time to settle. 

Auto-Cal and Auto-Zero Cycles 

When power is initially applied to the TMC1251, an 
Auto-Cal cycle is executed which cannot be interrupted. 
Since the power supply, reference, and clock are not 
usually stable at initial power-up, this first Auto-Cal cycle 
will not result in an accurate calibration of the TMC1251. 
An additional calibration cycle should be started after the 
power supplies, reference, and clock have been given 
adequate time to stabilize. 

When CAL, pin 9, is LOW, the TMC1251 is reset and an 
Auto-Cal cycle is initiated. During the Auto-Cal cycle, 
correction values are determined for the offset voltage of 
the comparator as well as linearity and gain errors. These 
values are stored in the internal RAM and used during A/D 
conversion cycles to reduce the TMC1251's gain, offset, 
and linearity errors to the specified limits. It is only 
necessary to go through the Auto-Cal cycle once after 
initial power is applied. 

To correct for any change in the offset error of the A/D 
converter, the Auto-Zero cycle can be used. It may be 
necessary to execute an Auto-Zero cycle whenever the 
ambient temperature changes significantly (See the curve 
titled "Zero Error Change vs Ambient Temperature" in 
the Typical Performance Characteristics). A change in 
the ambient temperature will cause the offset voltage of 
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the comparator to change, which may cause the offset 
error of the A/D converter to be greater than its specified 
limit. Since Auto-Zero cannot be activated when T/H is 
used to start the A/D conversion cycle, it may be necessary 
to do an Auto-Cal cycle (which includes Auto-Zero) 
periodically. 

With the AZ input, pin 6, held LOW during a conversion 
cycle, the TMC1251 will execute an Auto-Zero cycle before 
the actual A/D conversion cycle 1s started. The total 
conversion time (tc) is increased by 26 clock periods when 
Auto-Zero is used. An Auto-Zero cycle wi II reduce the 
offset error of the TMC1251 to less than ± 1 LSB. 

Microprocessor Interface Controls 

On initial power-up, an Auto-Cal cycle is executed by 
bringing CAL LOW while CS and T/H are HIGH. To 
acknowledge that the Auto-Cal cycle is in progress, EOC 
goes LOW after the falling edge of CAL and remains LOW 
during the Auto-Cal cycle duration of 1,399 clock periods. 
During the Auto-Cal cycle, first the comparator offset error 
is determined and then the D/A converter gain anci 
linearity errors are found Correction filctms frn tlins1! 
errors are stored in the internal RAM 

An A/D conversion cycle is initiatod tiy liri11\Jlll\J CS and WH 
LOW. The AZ input should be tied HIGI I or LOW dur111r1 tlw 
conversion process. If AZ is LOW when A/D conv1mi1111 is 
executed, an Auto-Zero cycle (duration equals 26 clock 
periods) occurs before the A/D conversion is started. AZ 
must be LOW during the entire A/D conversion. After 
Auto-Zero is complete, the analog signal acquisition time 
period begins and continues for 7 clock periods. If AZ is 
HIGH, no Auto-Zero cycle is executed. At the end of the 
acquisition period EOC goes LOW, indicating that V1N is 
being held and that the successive approximation 
conversion sequence has started. 

CS and T/H may be used to initiate a conversion cycle. 
Bringing both of these signals LOW begins the acquisition 
period; the rising edge ofT/H puts the track/hold into the 
hold mode and begins the successive approximation 
conversion. DSP applications require that the time that the 
analog input signal is sampled (the end of the acquisition 
period) be well controlled. Using T/H in this way ensures 
control over the sampling of the analog input signal. 

During an A/D conversion cycle, the held V1N is successively 
compared to the output of the corrected D/ A converter 
(main and correction D/A converters). First, the held 
voltage is compared to analog ground to determine its 
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Microprocessor Interface Controls (cont.) 

polarity (sign bit). The sign bit is set LOW for positive V1N 
and HIGH for negative VIN· Next, the MSB of the 0/A 
converter is set HIGH with all other bits LOW. If the the 
held voltage is greater than the output of the 0/ A converter. 
then the MSB is left HIGH; otherwise it is set LOW. The 
next bit is then set HIGH, making the output ofthe 0/A 
converter 3/4 or 1/4 of full scale, depending on the outcome 
of the previous bit. If the held voltage is greater than the 
new 0/A converter value then the bit remains HIGH. If the 
held voltage is less than the new D/A converter value the 
bit is set LOW. This process continues until each bit has 
been tested. The result is then transferred to the output 
register of the TMC1251. EOC goes HIGH and INT goes 
LOW indicating the end of the conversion. The result can 
now be read when CS is LOW by bringing RD LOW twice in 
succession to enable first, the MSBs (DBs thru DB12) and 
second, the LSBs (DBo thru DB7) of the result through the 
TMC1251 's eight-bit wide output port. 

Tile AID Control Input Functions (Table 1) summarizes 
tile effect of the digital control inputs on the TMC1251. Test 
Mode (where RD is HIGH and CS and CAL are LOW) is used 
in tile m<111ufacturing process of the TMC1251. Care should 
be taken to avoid this mode. In Test Mode DBz, DB3, DB5, 
and DBli become active outputs, which may cause data bus 
contention. 

The TMC1251 can be completely reset, aborting all 
sequences that may be in progress. The A/D converter is 
reset where a new conversion is started by taking CS and 
WR or CS and T/H LOW. If this occurs when V1N is being 
tracked or when EOC is LOW. the Auto-Cal correction 
factors in RAM may be corrupted. After reset. it is then 
necessary to execute an Auto-Cal cycle before the next 
A/D conversion cycle. The Auto-Cal cycle cannot be reset 
once started. 

When using WR or T /H without AZ to start a conversion, a 
new conversion may be restarted only after EOC has gone 
HIGH aftg.i::._the end of the current conversion. When using 
WR and AZ. a new conversion may be restarted during the 
first 26 clock cycles after the rising edge of WR or after 
EOC has gone HIGH without corrupting the Auto-Cal 
correction factors. 

Acquisition Time 

Each of the three methods of initiatin_f@ coQYersion affects 
the analog signal acquisition period. WR or T /H can start a 
conversion when AZ is HIGH. In either of these cases, the 
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rising edge of EOC indicates that the track/hold is in its 
track mode and the analog input signal is being acquired. 
It is advisable, however, to consider the beginning of the 
actual acquisition time to be AFTER the second RD pulse 
of the previous conversion cycle. In this way, the noise 
that normally accompanies the reading of data from the 
TMC1251 's outputs will not affect the signal being 
acquired and therefore. the results of the following 
conversion. 

When WR is used to start a conversion with AZ LOW, an 
Auto-Zero cycle is inserted prior to the acquisition period. 
Here. the acquisition timing and duration are controlled by 
the TMC1251. Since the acquisition time must always be 
at least 3.5µs, the maximum CLK1N frequency in this mode 
is limited to 2.DMHz ( 7 cycles at 500ns). A simple circuit is 
shown which is useful when WR initiates conversions with 
and without Auto-Zero. In this circuit, when AZ is HIGH, the 
TMC1251 CLK1N frequency is 3.5MHz. When AZ is LOW, 
the TMC1251 CLK1N frequency is divided by two and is 
1.75MHz. 

Figure 1. CLK1N Frequency Control Circuit 

D 

3.5 MHz 0 l---+----1----, 

CLR 
TMC1251 
CLKIN 

TMC1251 
~------+------·Az 

21402A 

Dynamic Performance 

For Digital Signal Processing Applications, it is not 
sufficient to evaluate and qualify an A/D converter only on 
the basis of its integral or differential linearity 
characteristics. In DSP applications. the A/D converter is 
usually digitizing dynamic signals (as opposed to static) 
and new concerns about noise. distortion. and frequency 
response become important. 

The TMC12451 is intended for use in DSP applications and 
carries with itspecifications that are not normally 
associated with similar A/D converters intended for 
application in process control, industrial control. data 
acquisition, and instrumentation. 
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Signal-to-Noise Ratio, Total Harmonic Distortion, and Two­
tone Intermodulation Distortion are tested and guaranteed 
parameters of the TMC12451. These parameters are 
tested by having the A/D converter digitize a sinewave at a 
specified frequency and amplitude. Data is transferred 
from the A/D converter to a computer where Fast Fourier 
Transform (FFT) analysis converts the time- domain data 
into the frequency domain where SNR. THO and IMO are 
extracted. The Effective Bits parameter of the TMC12451 
1s calculated tram S1gnal-to-No1se Ratio by: 

EFB = (SNR - 1.8) I 6.02 

The performance of the internal track/hold of the 
TMC12451 is shown by aperture time and aperture jitter 
parameters. When T/H is used to initiate conversions, 
~erture time is the delay between the rising edge of 
T/H and the internal time when the analog input signal 
is actually held. Aperture jitter is the change in this time 
period from cycle-to-cycle. 

Summary of Control Inputs 

cs 

WR 

The Chip Select control input, pin 10, is active 
LOW and enables the WR, RD, and T/H 
functions. 

The A/D conversion is started on the rising 
edge of the Write control input, pin 7, when 
CS is LOW. When this control is used to start a 
conversion the analog signal acquisition period 
is controlled by the TMC1251. 

T/H 

The Read control input, pin 23, is active LOW 
and is used to enable the three-state data 
outputs and reset INT HIGH when CS is LOW. 

The track/hold control input, pin 11, can be 

Table 1. AID Control Input Functions 

Control Inputs 

cs WR T/H RD CAL 

1J 1J 1 1 1 
1J 1 1J 1 1 

1J 1 1 1J 1 

1J 1J 1 1 1 

1J 1 1 1J 1 
1 x 1 x 1J 
0 x 1 1 0 
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AZ 

EOC 

-~·-· ll"-IFIF 

used to start a conversion. With CS LOW, the 
falling edge ofT/H begins the analog~ignal 
acquisition period. The rising edge of T /H then 
puts the track/hold into hold mode and starts 
the A/D conversion. 

With the AZ input, pin 6, held LOW during a 
conversion cycle, the TMC1251 will execute an 

~~~~~~:i~n cg~f e ~~f~;:r{~~ ~c~~~~~:io 0 
conversion time (tc) is increased by 26 clock 
periods when Auto-Zero is used. 

When CAL pin 9, is LOW. the TMC1251 is 
reset and an Auto-Cal cycle is initiated. 

The clock input, pin 8, controls all sequence 
timing and A/D conversion time. The frequency 
range for CLK1N is from 0.50 to 6MHz. 

The End-of-Conversion control output, pin 22, 
is LOW during A/D conversion, Auto-Cal, and 
Auto-Zero cycles. 

INT The interrupt control output, pin 21, q[rns l CJW 
when a conversion has been completed and 
indicates that the conversion result is avail 
able from the output register. Reading the out­
puts or starting an AID conversion, Auto-Cal or 
Auto-Zero cycle will reset in INT going HIGH. 

DB0/DB12 The three-state outputs, pins 13 to 20, give 
13-bit conversion results with two successive 
RD pulses. The first RD pulse outputs the 
MSBs outie result (DBs thru DB12) and the 
second RD pulse outputs the LSBs (DBo thru 
087). The format is two's complement sign bit 
extended with DB12 being the sign bit, DB11 
the MSB and DBo the LSB. 

AZ AID Function 

1 Start A/D conversion without Auto-Zero 

1 Start AID conversion without Auto-Zero, 

synchronous with rising edge ofT/H. 

1 Read data without Auto-Zero 

0 Start A/D conversion with Auto-Zero 

0 Read data with Auto-Zero 

x Start Auto-Cal cycle 

x Test Mode (082, D83, 085 and 085 active) 

359 



TMC12451 

Package Interconnections 

Signal Signal 
Type Name Function Value 87 Package Pin 

Power AV cc Positive Analog Supply +5.0V 4 

DVcc Positive Digital Supply +5.0V 24 

V- Negative Analog Supply -5.0V 5 

Ground AGND Analog Ground o.ov 3 

DGND Digital Ground o.ov 12 

Analog Inputs V1N Analog Signal Input ±4.7V 1 

VREF Reference Input +4.7V 2 

Digital Inputs CLK1N Clock Input TIL 8 

AZ Auto-Zero TIL 6 

CAL Calibrate TTL 9 

RD Read TIL 23 

WR Write TIL 7 

cs Chip Select TIL 10 

T/H Sample-Hold TTL 11 

Digital Outputs EOC End of Calibration TIL 22 

INT Interrupt TTL 21 

DB7/DB12 TTL 20 

DB6/DB12 TTL 19 

DB5/DB12 TIL 18 

DB4/DB12 TTL 17 

DB3/DB11 TTL 16 

DB2/DB10 TIL 15 

DB1/DB9 TTL 14 

DBO/DB8 TTL 13 

Figure 2. Timing Diagram, Auto-Cal Cycle (CS= HIGH, WR = T/H =RD =AZ= don't care) 

CLOCK 

CAL \. l -...! 1 PWCAL !..--

EOC 
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CS=1 
WR=X 
iiD = x 
Az=X 
T/H=1 
X =DON'T CARE 

ICAL 
- 1399 CLOCKS 
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Figure 3. Timing Diagram, Using WR to Start Conversions with Auto-Zero (CAL= HIGH, AZ= LOW) 

DBe-12 DBo I 

Figure 4. Timing Diagram, Using WR to Start Conversions without Auto-Zero (CAL= 7Sl =HIGH) 

T/H '(/ 

__{ 
} 

Ro _JI I - 7 CLOC:S J 
~ INTERNAL ~ELAY I ( 

iii :~" 
'" ·• " -j I , J ~'""" I 

INT I tc ~ --.1\ ~I J -d r • 27 CLOCKS - I -._J Ir t ENA 

gg~f8::2 J- - - - - - - SC,. - - hi-z - - -L,S- - - - -0-- 1 - -

DBB-12 DBo-7 11405A 
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Figure 5. Timing Diagram, Using T/H to Start Conversions without Auto-Zero (CAL= AZ= HIGH) 
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Figure 6. Transfer Characteristics 
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Figure 7. Simplified Error Characteristics vs. output code without Auto-Cal or Auto-Zero cycles 
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Figure 8. Simplified Error Characteristics vs. output code after Auto-Cal 
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Figure 9. Output Test Loads 
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Figure 10. Analog Input Equivalent Circuit 
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Output Coding 

Input DB12 DB11 ..... DBo 
Voltage Sign MSB LSB 

>4.096V 0 1111 1111 1111 

+4.096V 0 1111 1111 1111 

+4.095V 0 1111 1111 1110 

+4.094V 0 1111 1111 1101 

+0.002V 0 0000 0000 0010 

+0.001V 0 0000 0000 0001 

o.ooov 0 0000 0000 0000 
-0.00lV 1111 1111 1111 
-0.002V 1111 1111 1110 

-4.094V 0000 0000 0010 

-4.095V 0000 0000 0001 

-4.096V 0000 0000 0000 

<-4.096V 0000 0000 0000 

Note: The input voltage range used for this table is ±4.096 Volts and 
the input voltages are measured at code centers. 

Absolute maximum ratings (beyond which the device may be damaged)1.2 

Supply Voltages 

DVcc .......................................................................................................................................................................................... -0.5 to +6.5V 

AV cc .......................................................................................................................................................................................... -0.5 to +6.5V 

V- ............................................................................................................................................................................................... +0.5 to -6.5V 

.... -0.3 to +0.3V 

AGND - DGND ........................................................................................................................................................................... -0.3 to +0.3V 

Input Voltages 

Digital Inputs .............................................................................................................................................................. -0.3 to (DVcc +0.3)V 

Analog Inputs ................................................................................................................................................... (AVcc + 0.3) to IV- -0.3)V 

Outputs 

Digital Outputs, applied voltage ........................................................................................................................................... -0.5 to DVcc 

Input current, any pin, externally forced 3 ...................................................................................................................................... +5mA 

Short-circuit duration (single output to GND) .......................................................................................................................... unlimited 

Temperature 

Operating, case ..................................................................................................................................................................... -60 to +135°C 

Lead, soldering (10 seconds) .......................................................................................................................................................... +300°C 

Storage ................................................................................................................................................................................... -65 to + 150°C 

Package input current 3 .......................................................................................................................................................................................... +20mA 

Package power dissipation at 25°C 4 .................................................................................................................................................................. 875mW 

ESD Susceptibility 5 .................................................................................................................................................................................................. 2000V 
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Operating Conditions 1.2.9.16.17 

Temperature Range 
Industrial Extended 

Parameter Min Nom Max Min Nom Max Units 

AVcc. DVcc Positive Power Supply Voltages 6,7 4.5 5.0 5.5 4.5 5.0 5.5 v 

V- Negative Power Supply Voltage -4.5 -5.0 -5.5 -4.5 -5.0 -5.5 v 

AVcc-DVcc Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 

AGND-DGND Ground Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v 

V1N Input Voltage Range V--.050 ±4.096 AVcc+.050 V-- .050 ±4.096 AVcc+.050 v 

VREF Reference Voltage 6.7 3.5 +4.096 AVcc+.050 3.5 +4.096 AVcc+.050 v 

fcLK Clock Frequency 0.5 3.5 6.0 0.5 3.5 6.0 MHz 
Clock Duty Cycle 40 50 60 40 50 60 % 

VtL Input Voltage, Logic LOW, 1.4 0.8 1.4 0.8 v 

all but CLK1N. DVcc = 4.75V 

VtH Input Voltage, Logic HIGH, 2.0 1.4 2.0 1.4 v 

all but CLK1N. DVcc = 5.25V 

loL Output Current, Logic LOW -6.0 -20 -6.0 -20 mA 

loH Output Current, Logic HIGH 8.0 20 8.0 20 mA 

TJ Junction Temperature, -40 +85 oc 

TMC1251B7B, TMC1251B7B1 

TJ Junction Temperature, -55 ±125 oc 

TMC1251B7F 

Electrical Characteristics 1,2,6.7,8,9,16 

Temperature Range 
Industrial Extended 

Parameter Test Conditions Typ Min Max Min Max Units 

Diec DVcc Supply Current fcLK = 2.0MHz, cs= HIGH 1.0 2.5 2.5 mA 

Alec AVcc Supply Current feLK = 2.0MHz, cs= HIGH 4.0 10.0 10.0 mA 

I- V- Supply Current fcLK = 2.0MHz, cs= HIGH 2.8 10.0 10.0 mA 

CtN Analog Input Capacitance 65 pF 

CREF Reference Input Capacitance 80 pF 

ltl Input Current, Logic LOW V1 =0.0V -0.005 -1.0 -1.0 µA 

ltH Input Current, Logic HIGH V1 =±5.0V 0.005 1.0 1.0 µA 

VT± Positive-going threshold, CLK1N 2.8 2.7 2.7 v 

Vr- Negative-going threshold, CLK1N 2.1 2.3 2.3 v 

VH Hysteresis, CLK1N VT±-Vr- 0.7 0.4 0.4 v 

Vol Output Voltage, Logic LOW lour= 1.6mA, Vee= 4.75V 0.4 0.4 v 

VoH Output Voltage, Logic HIGH lour= -360µA, Vee= 4.75V 2.4 2.4 v 

lour= -lOµA, Vee = 4.75V 4.5 4.5 v 

lozL Output leakage current, LOW Vour= o.ov -0.Ql -3.0 -3.0 µA 

lozH Output leakage current, HIGH Vour= 5.ov 0.01 3.0 3.0 µA 
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Switching characteristics 1,2,6.7,8,9,16, 17 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ Min Max Min Max Units 

tc Conversion Time 27/fcLK 27/fcLK+.25 27/fcLK+.25 µs 

fcLK = 3.5MHz, AZ= HIGH 7.7 7.95 7.95 µs 
-

fcLK = 1.75M Hz, AZ = LOW 15.4 15.65 15.65 µs 

T/H starts conversion, 34/fcLK 34/fcLK+.25 34/fcLK+.25 µs 
-

fcLK = 3.5MHz, AZ= HIGH 9.7 9.98 9.95 µs 

tA Acquisition Time 14 using WR only 7 /fCLK+0.25 7/fcLK+0:25 µs 

Rs= 500 3.5 3.5 3.5 µs 

tz Auto-Zero Time Plus 33/fcLK 33/fcLK+.25 33/fcLK+.25 µs 

Acquisition Time fcLK = 1.75MHz 18.8 19.05 19.05 µs 

tcAL Calibration Time 1399/fcLK 1399/fcLK 1399/fcLK µs 

fcLK = 3.5M Hz 399 400 400 µs 

tpwCAL Calibration Pulse Width Note 15 60 200 200 ns 

tpwwR WR Pulse Width 60 200 200 ns 

to HE Hold-to-EOC Delay using WR input 200 350 350 ns 

using T/H input 100 150 150 ns 

tROINT RD or WR to Reset of INT 100 175 175 ns 

tENA Output Enable Time CL= lOOpF 50 95 95 ns 

tRR RD to R5 Pulse Width 30 60 60 ns 

trns Data Disable Time CL= lOOpF, RL = lkfl 30 70 70 ns 
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System performance characteristics 1,2,6,7,8,9,16 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ. Min Max Min Max Units 

Eup Positive Integral Linearity After Auto-Cal, 10,11 ±0.5 

Error LSB 

EuN Negative Integral Linearity After Auto-Cal, 10,11 ±0.5 

Error LSB 

Ew Differential Linearity Error After Auto-Cal, 10,11 12 Bits 

EFSP Positive full-scale error After Auto-Cal, 11 ±2.0 ±2.0 LSB 

AZ= LOW, fCLK = 1.75MHz ±1.0 ±1.5 ±1.5 LSB 

EFsN Negative full-scale error After Auto-Cal, 11 ±2.0 ±2.0 LSB 

AZ= LOW, fcLK = 1.75MHz ±1.0 ±1.5 ±1.5 LSB 

Ez Zero Error 11,12 After Auto-Cal or Auto-Zero, ±2.5 ±2.5 LSB 

AZ= LOW, fcLK = 1.75MHz ±1.0 ±1.0 ±1.0 LSB 

PSSz Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% ±0.125 LSB 

Zero Error 13 V- = -5.0 ±5%, VREF = ±4.75V 

PSSF Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% ±0.125 LSB 

Full-scale error V- = -5.0 ±5%, VREF = ±4.75V 

PSSL Power Supply Sensitivity, AV cc= DVcc = ±5.0 ±5% ±0.125 LSB 

Linearity error V- = -5.0 ±5%, VREF = ±4.75V 
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Dynamic performance characteristics 1•2·6.7·8·9·16· 17· 18 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Typ. Min Max Min Max Units 

SNRB Signal-to-Noise Ratio, flN = lkHz, V1N =±4.85V p-p 78 dB 

Bipolar Input flN = lOkHz, V1N = ±4.85V p-p 78 dB 

flN = 20.67kHz,V1N = ±4.85V p-p 78 73.5 73.5 dB 

SN Ru Signal-to-Noise Ratio, flN = lkHz, V1N = 4.85V p-p 73 dB 
Unipolar Input f1N = lOkHz, VIN= 4.85V p-p 73 dB 

flN = 20.67kHz,V1N = 4.85V p-p 73 68.7 68.7 dB 

SFDRB Spurious Free Dynamic flN = lkHz, V1N =±4.85V p-p -88 dB 
Range, Bipolar Input flN = lOkHz, V1N = ±4.85V p-p -84 dB 

flN = 20kHz, V1N = ±4.85V p-p -80 dB 

SFDRu Spurious Free Dynamic f1N = 1 kHz, V1N = 4.85V p-p -90 dB 

Range, Unipolar Input f1N = lOkHz, V1N = 4.85V p-p -86 dB 

flN = 20kHz, VIN= 4.85V p-p -82 dB 

THDB Total Harmonic Distortion, flN = lkHz, V1N = ±4.85V p-p -82 dB 
Bipolar Input f1N= 20.67kHz,V1N = ±4.85V p-p -80 -78 -78 dB 

TH Du Total Harmonic Distortion, flN = 1 kHz, V1N = ±4.85V p-p -82 dB 

Unipolar Input f1N= 20.67kHz,V1N = ±4.85V p-p -80 -73.1 -73.1 dB 

IMDB Two-Tone Intermodulation V1N = ±4.85V p-p, -78 dB 

Distortion, Bipolar Input fl N 1 = 19.375kHz, fl N2 = 20.625 kHz 

IMDu Two-Tone Intermodulation V1N = 4.85V p-p, -78 dB 

Distortion, Unipolar Input flNl = 19.375kHz, flN2 = 20.625 kHz 

EFBB Effective Bits, Bipolar f1N = lkHz, V1N = ±4.85 V p-p 12.6 Bits 

Input flN = 20.67kHz,V1N = ±4.85V p-p 12.6 11.9 11.9 Bits 

EFBu Effective Bits, Unipolar flN = lkHz, V1N = 4.85 V p-p 11.8 Bits 
Input flN = 20.67kHz,V1N = 4.85V p-p 11.8 11.1 11.1 Bits 

BWu Bandwidth, Bipolar Input V1N = ±4.85V p-p 25 20.67 20.67 kHz 

BWB Bandwidth, Unipolar Input V1N = 4.85V p-p 30 20.67 20.67 kHz 

tAP Aperture Time 100 ns 

tAPJ Aperture Jitter 100 PSrms 

Notes for specification tables characteristics may degrade when the device is 
operated outside the listed test conditions. 

1. Absolute Maximum Ratings are limits beyond which 

368 

the device may be damaged. Operating Conditions 2. 
are limits under which the device is guaranteed to be 
functional, but those limits do not guarantee specific 
performance. Guaranteed specifications and test 3. 
conditions are shown in the Electrical, Switching 
and System Performance Characteristics 
Tables. The guaranteed specifications apply only for 
the test conditions listed in the Electrical, 
Switching and System Performance 
Characteristics Tables. Some performance 

All voltages are measured with respect to AGND and 
DGND. unless otherwise specified. 

When the voltage at any pin exceeds the power 
supply voltages ( < V- or >AVcc or >DVcc). the 
current at that pin must be limited to 5mA. The 20mA 
maximum package input current rating allows the 
voltage any any four pins, with a current limit of 5mA, 
to simultaneously exceed the power supply voltages. 

TRW LSI Products Inc. 
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Notes for specification tables (cont.) 

4. The power dissipation of this device under normal 
operation should not exceed 191 mW (quiescent 
power plus one TTL load on each of the ten digital 
outputs). Care must be taken to ensure that Absolute 
Maximum Ratings are not violated when any inputs 

or outputs are driven to voltages greater than power 
supp!y votttJg8s. Ths maximum povver dissipation 
must be derated at elevated temperatures and is 
dictated by TJmax (maximum allowable junction 
temperature), 8JA (junction-to-ambient thermal 
resistance of the package). and TA (ambient 
temperature). The maximum allowable power 
dissipation at any temperature is given by: 

Po max= IT Jmax - T Al/8JA 

or the number given in the Absolute Maximum 
Ratings Table, whichever is lower. For the 
TMC1251, TJmax is 125°C and the typical thermal 
resistance (8JA) of the TMC1251 with 87F, 8781, and 
878 suffixes when board mounted is 51°C/W. 

5. Human body model, 100pF discharged through a 
1.5kQ resistor. 

6. Two on-chip diodes are tied to the analog input as 
shown in the following Figure, Parasitic Diode 
Structure. A/D conversion errors can occur if these 
diodes are forward-biased more than 50mV. 
Therefore. if AVcc and DVcc are +4.75 Volts and V- is 
-4.75 Volts, the analog input range must be no 
greater than ±4.80 Volts. 

Parasitic Diode Structure 

V- r---+--<>-
TMC1251 21416A 

7. To guarantee accuracy, it is required that AV cc and 
DVcc be connected to the same power source but 
with separate decoupling capacitors at each pin. This 
prevents the parasitic diode between AVcc and DVcc 
from being forward biased. 

TRW LSI Products Inc. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

ii~n 

Accuracy is guaranteed with fcLK equal to 2.0MHz. 
Accuracy may degrade at higher clock frequencies. 

Typical specifications are at TJ = 25°C and represent 
the most likely parametric norm (statistical "mode"). 

Positive linearity error is defined as the deviation of 
the analog value, expressed in LS8s, from the straight 

Oii line that passes through positive ful I-scale and zero. 
~or negative linearity error the straight line passes 
through negative full-scale and zero. (See Simplified 
Error Characteristic Curves) 

The TMC1251's self-calibration technique ensures 
linearity, full-scale and offset errors as specified. 
Noise inherent to the self-calibration process will 
result in a repeatability uncertainty of +0.20 LS8. 

When tA changes, an Auto-Zero or Auto-Cal cycle will 
be required for specified performance. (see Typical 
Performance Curves) 

After Auto-Zero or Auto-Cal cycle execution at the 
specified power supply extremes. 

When using WR to start an A/0 conversion, if the 
CLKiN is asynchronous with respect to the rising edge 
of WR an uncertainty of one clock period exists in the 
tA interval. Therefore, the minimum tA is six clock 
periods and the maximum tA is 7 clock periods. If the 
falling edge of CLK1N is synchronous with respect to 
the rising edge of WR then tA will be ex~tly 6.5 
clock periods. This does not occur when T /H is used. 

The CAL input must go HIGH before an A/D 
conversion is started. 

Guaranteed specifications apply for AV cc= DVcc = 
±5.0V, V- = -5.0V, VREF = -5.0V and fcLK = 2.0MHz 
unless otherwise speci.fied. 

Rise and fall times for digital inputs= 20ns, unless 
otherwise specified. 

Dynamic performance parameters are valid only 
after an Auto-Cal cycle has been completed. 
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Typical Performance Curves 

A. Linearity Error vs. V REF 
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B. Zero Error vs. V REF 
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F. Unipolar Spectral Response with 20kHz 
Sinewave Input 
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G. Unipolar Spectral Response 40kHz 
Sinewave Input 

20 

·20 

m 
~ -40 
w 
> 
~ -60 
<( 
:z 
~ -80 

·100 

Rs= 500 
V1N = 5Vp - p 
TA= 25'C 
AVcc = DVcc = VREF = +5V 
V- =-SV 
ICLK = 3.5MHz 
Sampling Rate= 83kHz 
SINAD = 70.25dB 

l J. 1 .. 1 .. l....L ll 
1•r .. ,,, ["f"f"" ........ 

-120 
0.0 10.0 20.0 30.0 40.0 

FREQUENCY (kHz) 21417 A 

I. Bipolar Spectral Response with 10kHz 
Sinewave Input 

20 
Rs= 50fl 
V1N = ±5V 
TA= 25'c 
AVcc = ovcc VREf = +SV 

-20 V-= -SV 
ICLK = 3.SMHz 

iiJ Sampling Rate= 83kHz 
SINAD = 75.98dB ~ -40 

> 
~ 
:;;! -60 
:z 

"' u; -80 

-100 ill" ± ..l 
"l""Tf' ..... .. .,,, 

'I' 'I'll' 
-120 

0.0 10.0 20.0 30.0 40.0 
FREQUENCY (kHz) 21419A 

K. Bipolar Spectral Response with 40kHz 
Sinewave Input 

iiJ 
~ 
..... 
w 

'.j 
..... 
<( 
:z 

"' u; 

20 
Rs= 500 
VIN"' ±5V 
TA= 25'c 
AVcc = DVcc = VREF = +SV 
V-=-5V 

-20 ICLK = 3.SMHz 
Sampling Rate= 83kHz 

-40 SINAD = 70.93dB 

-60 

·BO 

-100 
] J_ l I 

--·~· ~·-
-120 

0.0 10.0 20,0 30.0 40.0 
FREQUENCY (kHz) 21399A 

TRW LSI Products Inc. 

-~·-· ''".,., 
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M. Full Scale Error Change vs 
Ambient Temperature 
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The Typical Interface Circuit 

Noise on AV cc. DVcc or V- power supply inputs can cause 
A/D conversion errors should the TMC1251 comparator be 
influenced by that noise. The TMC1251 is especially 
sensitive during the Auto-Zero or Auto-Cal cycles to power 

Typical Interface Circuit 

+12VTO 
+15V 

2 

TDC4169 6 

-5V 

Ordering Information 

Product 
Number Temperature Range 

TMC12451 B7F EXT, TA= -55°C to 125°C 

TMC1245187B IND, TA= -40°C to 85°C 

TMC1251E1C STD, TA= 0°C to 70°C 

supply noise. Low inductance 1 OµF tantalum capacitors in 
parallel with 0.1 µF ceramic capacitors are recommended for 
power supply decoupling. Separate decoupling capacitors 
should be placed close to the DVcc. AV cc and V- pins. 

AV cc ovcc_ 22 EOC EOC 

VIN iNT INT 

DBo-8 DBg_ 7 
DB7.12 DBB-12 

TMC12451 cs cs 
WR WR 

VREF 
RD 23 iiD 

AGND AZ AZ 

CAL 9 CAL 
DGND 

CLK1N CLOCK ':" 

T/H 11 T/H V-

~ 
~ 21413A 

Package 
Screening Package Marking 

Commercial 28 Pin CERDIP 12451 B7F 

Commercial 28 Pin CERDIP 12451878 

Eurocard PC Board 1251E1C 

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and 

specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc .. TRW Inc., or others. 

Life Support Policy 
TRW LSI PRoducts Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 

Inc. against all damages. 
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D/A Converters 

TRW's DIA converters address video, signal synthesis, and graphics applications. 

To the industry-standard TDC1016 10-bit video DIA (750 voltage output) we have recently added the 
smaller, less expensive, and lower-powerTDC1041 (TTL) and TDC1141 (ECL) DACs. The new 
devices are available in 28 lead PLCCs as well as DIPs, and have been optimized to produce quality 
video signals. 

The TDC1012 (20Msps) and TDCU 12 (50Msps) have become the standard of comparison for signal 
synthesis applications. The 12-bit DI As have a Spurious-Free Dynamic Range (SFDR) of more than 
70dBc. They can directly drive a double-terminated 500 line (250) to lVp-p without an output amplifer, 
simplifying interfacing and reducing overall system distortion. 

TRW's line of high-speed graphics DACs addresses the needs of today's high-resolution display 
systems. Palette DACs with 6 or 8-bit resolution meet industry-standard pinouts and exceed competitors' 
performance. The single and triple 4 and 8-bit 200Msps DIAs are ideal for systems not requiring a 
palette function. 

TRW LSI Products Inc. 1 
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Differential 
Linearity Conv Rise 

Resolution Error 1 Rate 1 Time 1 
Product Bits 1±%) (Msps) (ns) Package Grade 2 Notes Page 

TDC1034 4 0.80 200 88 18 Pin DIP c Low Cost ECL. Graphics-Ready. 863 

TDC1334 4 (Triple) 0.80 200 86 24 Pin DIP c Low Cost ECL. Graphics-Ready. 8131 

TMC0171-4 6 0.78 40 R2 44 Lead PLCC c RAMDAC. 256 x 18 Lookup Table. 83 
N6 28 Pin DIP c IMS171 Compatible. 

0.78 35 N6 28 Pin DIP c 
TMC0176-B 0.78 80 N6 28 Pin DIP c RAMDAC. 256 x 18 Lookup Table. 83 

-6 0.78 66 N6 28 Pin DIP c IMSl 76 Compatible. 
-5 0.78 50 N6 28 Pin UIP ~ 
-4 0.78 40 R2 44 Lead PLCC c 

N6 28 Pin DIP c 
TDC1018-1 .0.20 200 1.7 87 24 Pin DIP c Low Cost ECL. Graphics-Ready. 851 

C3 28 Contact CC c 
0.20 125 1.7 87 24 Pin DIP c 

C3 28 Contact CC c 
TDC1318 8 (Triple) 0.20 200 85 40 Pin DIP c Low Cost ECL. Graphics-Ready. 8119 

TMC0458 8 (Triple) 0.20 200 H7 89 Pin Plastic PGA c RAMDAC. 256 x 24 Lookup Table. 821 
RO 84 Lead PLCC c 

TDC1016-10 10 0.05 20 N7 24 Pin DIP c Industry-Standard Video DAC. 841 
N5 40 Pin DIP c Operates with TTL or ECL Logic. 

-9 10 0.10 20 87, N7 24 Pin DIP C,A 
85, N5 40 Pin DIP C, A 

-8 10 0.20 20 87, N7 24 Pin DIP C, A 
85, N5 40 Pin DIP C, A 

TDC1041-1 10 0.048 20 R3 28 Lead PLCC c Low Cost 10-8it Video D/ A 875 
10 0.096 20 R3 28 Lead PLCC c TTL Interface. 

TDC1141-1 10 0.048 50 R3 28 Lead PLCC c Low Cost 10-8it Video D/A 8105 
10 0.096 50 R3 28 Lead PLCC c ECL Interface. 

TDC1012-3 12 0.012 20 J7, N7 24 Pin DIP c Signal Synthesis D/A. 823 
R3 28 Lead PLCC c 70d8c SFDR. Very Low Glitch. 

-2 12 0.024 20 4 J7, N7 24 Pin DIP C, V, SMD Drives 25!l Directly. 
R3 28 Lead PLCC c TTL Interface. 

-1 12 0.048 20 J7, N7 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC c 

12 0.048 20 J7, N7 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC c 

TDC1112-3 12 0.012 50 J7, N7 24 Pin DIP c Signal Synthesis D/A. 887 
R3 28 Lead PLCC c 70d8c SFDR. Very Low Glitch. 

-2 12 0.024 50 J7, N7 24 Pin DIP C, V Drives 25!l Directly. 
R3 28 Lead PLCC c ECL Interface. 

-1 12 0.048 50 J7, N7 24 Pin DIP c, v 
R3 28 Lead PLCC c 

12 0.048 50 4 J7, N7 24 Pin DIP c, v 
R3 28 Lead PLCC c 

Notes: 1. Guaranteed. See product specifications for test conditions. 

2. A=High Reliability, Tc= -55°C to 125°C. 
C=Commercial, TA=0°C to 70°C. 
V= MIL-STD-883 Compliant, Tc= -55°C to 125°C 
SMD=Available per Standardized Military Drawing, Tc=-55°C to 125°C. 

2 TRW LSI Products Inc. 



TMC0171, TMC0176 

Color Palette with Triple 6-Bit DAC 

The TMC0171 and TMC0176 are triple 6-bit video DACs 
with 256 x 18 RAM look-up tables and microprocessor 
interfaces. The devices were designed specifically for 
hiqh resolution color qraphics, supportinq 256 simulta­
neous colors out of a- palette of over a quarter million, 
at update rates fast enough to generate all common PC 
display resolutions. 

The TTL microprocessor interface allows easy integration 
into personal computer systems. The three outputs are 
compatible with RS-170, allowing for a system design 
using a minimum of external components. 

A pixel word mask facilitates such special effects as 
animation, overlays, and paged graphics without rewriting 
image RAM or the color look-up table. 

The TMC0171 is pin and function compatible with the 
industry standard IMS G171 high performance CMOS 
color look-up table DAC manufactured by lnmos, and the 
TMC0176 is pin and function compatible with the 
IMS G176. 

Interface Diagram 

PIXEL 
MASK& 
LATCH 

TIMING 
PCLK >-------+--_.. GENERATOR 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

II~·· 

Features 

• Pixel Rates Of 0 to 80MHz 
• 256 x 18 Bit Color Palette 
• Color Palette Read-Back 
• 75Q RGB Analog Video Outputs 
• Composite Blank 
• Single + 5V Power Supply 
• Low Power Consumption 
• TTL Compatible Inputs 
• Asynchrpnous /lp Interface 
• Available In A 28 Pin Plastic DIP Or 44 Leaded PLCC 

>---+---- RED 

----- GREEN 

>---+---- BLUE 

21166A 

3 

Phone: 16191 457-1000 
FAX: 16191 455-6314 

©TRW Inc. 1990 
40G06616 Rev. B-11/90 
Printed in the U.S.A. 
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Functional Block Diagram 

.. MICROPROCESSOR INTERFACE 

MICROPROCESSOR 
INTERFACE 
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BLANK 

PCLK 

PIXEL LATCH 
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Pin Assignments 
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BLUE 3 

1REF 4 

Po 5 
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P3 8 

.. P4 9 

P5 10 

P6 11 
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GND 14 

COLOR PALETTE 
256 WORDS x 18-BITS 
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27 RS1 

26 RSo 

25 WR 

24 D1 
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17 Do 
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21164A 

28 Pin Plastic DIP - N6 Package 

4 
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21165A 

44 Lead Plastic J-Leaded Chip Carrier - R2 Package 
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TMC0171, TMC0176 

Functional Description 

General Information 

The TMC0171 and TMC0176 contain a Color Palette 
with 256 memory locations that are 18 bits wide. The 
color palette's output is connected to three high-speed 
current output 6-bit video DACs. The devices on-board 
registers easily interface with microprocessors. 

Microprocessor Interface 

The Microprocessor interface consists of three internal 
r~gisters: Pixel ~ddress Register, Color Value Register and 
P1x~I Mask Reg1.ster. These are individually accessed by 
register select signals, RSo and RS 1 · The following table 
defines which register is selected by the logic states of 
RSo and RSr 

RSo 

1 

0 

Register 

Pixel Address !WRITE Mode) 

Pixel Address !READ Mode) 

Color Value : 

Pixel Mask 

The contents of the color palette can be accessed 
through the Color Value and Pixel Address registers. 

All operations on the microprocessor interface can take 
place asynchronously to the pixel information being pro­
cessed by the Color Palette. 

The Pixel Address register is a byte-wide latch that 
receives and latches address information applied to pins 
P7_0. It can be used in READ or WRITE mode de­
pending on the logic state of RSo and RS1. With 
RSo = RS1=0 (register select= 0, 0). the Pixel Address 
register is in the WRITE mode. To update one of the 
color palette's entries, the user writes the address into 
the Pixel Address register, then its red, green, and blue 
color definitions into the Color Value register. Refer to 
Figures 10 and 11. 

When RSo =RS 1 = 1 (register select= 1, 1). the Pixel 
Address register is in the READ mode. To read one of 
the color palette's entries, the user writes its address 
into the Pixel Address register and then reads the three 
color definition components. The color definition data 
input/output sequence is always RED. GREEN, BLUE. 
Refer to Figures 9, 12, and 13. 

TRW LSI Products Inc. 

The 18-bit Color Value register, used as a buffer be­
~ween the microprocessor interface and the color palette, 
1s. ~ccessed by setting RSo = 1 and RS1=0. A color defi­
nition can be read from or written to this register by a 
sequence of three byte-wide transfers to this register ad­
dress. When a byte is written to this register. only the 
least significant si~ bits (D5_0) are used. When a byte is 
read from this rng1ster address, only the six least signifi­
c~nt bits contain information - the most significant two 
bits are set to zero. Refer to Figures 9-13. 

After the WRITE sequence is completed, the Color Value 
register's contents are written to the specified color 
p~lette addre.ss stored in the Pixel Address register. 
Finally, the Pixel Address register is automatically 
incremented. 

The color definitions can be read from the color palette. 
After setting RSo and RS1 to 1, the user stores the 
desired color palette address in the Pixel Address 
regis~er. }he color definition (18 bits) in that color palette 
location is then transferred to the Color Value register 
and the Pixel Address is auto-incremented. With 
successive READ cycles, the color definitions pointed to 
by the incremented address are transferred to the Color 
Value register. Refer to Figure 12. 

Attempting to update the color palette when BLANK is 
not asserted results in the data from the Color Value 
registe.r taking precedence over the bit mapping 
operation. The output of the three 6-bit DACs will be 
based on the color definition from the memory location 
specified by the Pixel Address register and not the 
address found on P7_0. This conflrct causes the DACs to 
generate unexpected output levels for up to two PCLK 
periods. 

The Pixel Mask register is a byte-wide latch, accessed by 
the microprocessor interface, D7-0· when RSo = O and 
RS1=1. This register is used to mask selected bits of 
the Pixel .Ad~ress values applied to inputs P7_0. A 'T' in 
any location in the Pixel Mask register sets the corre­
sponding bit to zero. The operation of the Pixel Mask 
register does not affect the address of the color defini­
tion when the microprocessor accesses the color palette. 
The masking operation makes it possible to alter the dis­
played colors without altering the contents of external 
video memory or the internal color palette. 
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Writing to the Color Palette 

A new color definition can be stored in the color palette 
by first specifying the initial address under WRITE mode. 
This address is stored in the Pixel Address register 
IRSo = RS1=0). The initial address is followed by RED. 
GREEN _and_ B_LUE color definition data IRSo=1, RSr=O). 
These s1x-b1t inputs are collected together in the Color · 
Value register. This new color definition is then trans­
ferred to the location pointed to by the information in 
the Pixel Address register. As soon as this transfer is 
completed, the Pixel Address register is auto-incremented. 
This allows consecutive color palette locations to be 
updated without the microprocessor specifying each 
address. The host needs only to continue supplying the 
RED, GREEN and BLUE data for each consecutive 
address. Refer to Figures 10 and 11. 

Reading from the Color Palette 

To read a location in the color palette, an address is sent 
on tho Data 1/0 lines ID7_0) under READ mode and 
stored in.th~ Pixel Address register IRSo=RS1 =1). The 
color def1rnt1on contained in the specified location is then 
transferred to the Color Value register. Again, the Pixel 
Address register is auto-incremented. The color definition 
c_an now be retrieved with three sequential READ opera­
tions IRSo = 1, RS 1 = 0). The first byte placed on the 
Data 110 lines contains the RED value; the next is GREEN 
and the final is BLUE. The two most significant bits are 
set to zero in each case. In a manner similar to the 
WRITE mode, consecutive color palette locations can be 
read by simply specifying the beginning address and 
reading the color palette one or more times. Refer to 
Figures ~ 12 and 13. 

6 

If the Pixel address register is updated during a READ or 
WRITE operation, the current data sequence is termi­
nated and a new READ or WRITE operation is initialized. 

Video Path 

The Video path consists of the Pixel Latch and Mask 
linpu~s P7-ol. color palette 1256 18-bit wide RAM). 
18-bit wide bus, and an 18-bit wide latch on the inputs 
of the three 6-bit high-speed video DACs. The video 
P?th uses a three clock cycle IPCLK) pipeline for the 
Pixel Address and BLANK inputs. These signals are 
latched on the rising edge of PCLK. 

Analog Outputs 

The ~nalog outputs are designed to drive singly­
terminated 750 loads to a peak-white amplitude of 0.7V. 

The· reference· current llREFl for this output is set to 
4.44mA. The analog outputs can also drive doubly­
terminated 750 loads with IREF set to 8.88mA. 

The active LOW BLANK input forces the analog outputs 
t~ ground, ignoring the color definition selected by the 
Pixel Address. Each of the 63 current sources used in 
each of the 6-bit DACs produces 1 /30 IRff Therefore, 
the magnitude of peak white voltage is a function of the 
output loading and is determined by: 

VPEAK WHITE= 2.1 • IREF • RL 
VBLACK LEVEL = DV. 

TRW LSI Products Inc. 
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Signal Descriptions 

Package Pin Number 
Signal Signal 
Name N6 R2 Type Signal Description 

Red 1 25 0 These analog outputs of the 6-bit DACs are the currents used for 
Green 2 26 0 each of the guns in an RGB (Red, Green, Blue) video display. 
Blue 3 27 0 

IREF 4 28 I ·The current forced out of this Reference Current Input pin to ground 
determines the current sourced by each of the 63 current source in 
each of the three 6-bit DACs. Each current source produces IREF/30 
when activated by the 6-bit digital input code. 

P7_0 12-5 39-32 I The byte-wide information on these Pixel Address lines is latched 
and masked by the Pixel Mask Register .. The resulting value ad-
dresses a location in the Color Palette RAM. Po= LSB. 

PCLK 13 40 I The rising edges of the Pixel Clock signal control the latching of 
the Pixel Address and Blanking Inputs. They also control the prog-
ress of these values through the three stage pipeline of the Color 
Palette the DACs to the outputs. 

GND 14 2, 3, 5, 19, 23, This is the power supply ground connection. 
24, 41-44 

Vee 28 4, 20, 21, 22 This positive power supply pin is normally connected to + 5V DC 
and bypassed with a 10,,F tantalum capacitor. 

RD 15 6 I When this READ bus control signal is LOW, information present 
on the internal data bus is available on the Data 1/0 lines ID1-ol· 

BLANK 16 7 I This active LOW signal forces the DACs' outputs to zero. ·when 
BLANK is asserted, a video monitor's screen becomes blank and 
the DACs ignore any output values from the Color Palette. How-
ever, the Color Palette can still be updated through D1-0· 

D1-0 24-17 15-8 1/0 These bidirectional Data 1/0 lines are used by the h~ micropro-
cessor to WRITE information (using the active LOW WR) into and 
READ information (using the active LOW RD) from the TMC0171's 
Pixel Address, Color Value and Pixel Mask registers. During the 
WRITE cycle, the rising edge of WR ~ches the data into the 
selected register. The rising e~ of RD determines the end of 
the READ cycle. With RD and WR both HIGH, the Data 1/0 lines 
go into a high-impedance state. 

WR 25 16 I This active LOW WRITE signal controls the timing of the WRITE 
operations on the microprocessor interfape inputs, D7-0· 

RSo, RS1 26, 27 17, 18 I These Register Select lines select one of the three internal reg-
isters and are sampled during the falling edges of the enable sig-
nals (RD or WR). See the Functional Description section for more 
information regarding the internal registers. 

NC 1, 29-31 Not connected internally. 
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Timing Characteristics 

Figure 1. System Timing Diagram 

PCLK 

P7.0 XXX)(AXXX)(BXXX)(cXXX)(oXXX)(EXXX)(FXXX)(GXXX)(HXXX)(1 XXX)(JXXX)(KXXX)(LX 

BLANK l;&J fKiJ fKiJ \ \ \ \ @ I 111 fKiJ fKiJ fKiJ fKiJ fKiJ fKiJ ~ 
B c 

RED= 
A I 

I \ BLANK BLANK I 

GREEN= 
B 

A I \ c BLANK BLANK I 
' A 

BLUE= LL., c 
\ BLANK BLANK I 

Figure 2. Timing Diagram Detailing Timing Specifications 

mzoa 1 rttttttt '<XXXXXXY '<XXXXXXY 

I 

' 
I 

G 
\__ 

G r--

G r--
21169A 

\L 
XXXXXX> 

B ~ tos-->J c 
RED-__,::~-__,...,,--....!...BTl-=-~1r-------,,,__ __ BL_AN_K _____ BL_AN_K ___ ~ 

GREEN _ __,:A~ _ __,...,,---j""l -----..\..1..._ ___ c ___ '-' _ __i;B~LA~NK~ ____ .!i,!:BLA~NK~----

BLUE -----.., B 1 C 
I \ BLANK BLANK 

21170A 

Figure 3. Basic WRITE Cycle Timing Diagram Figure 4. Basic READ Cycle Timing Diagram 
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Figure 5. WRITE to Pixel Mask Register Followed by WRITE and READ 

RD I __, 

~ \ ____ { ~--

xxx 
xxx 

21173A 

Figure 6a. READ from Pixel Mask or Pixel Address 
Register (READ or WRITE Mode} 
Followed by READ 

WR I __, 
I"" 1RR1 >I 

\'--_ ___,{ ~---
21175A 

Figure 7. WRITE and ~READ Back Pixel Address 
Register (READ Mode) 

I I 

WR \ { ... 1WR3 >I 
RD 

RS0 '/)' '<XXXXY '<XXXXXXXXX) 

RS1 'ti '<XXXXY '<XXXXXXXXX) 

D1 ·O ADDRESS ADDRESS+ 1 

21177A 
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l.XXXXXX xxx 
21174A 

Figure 6b. READ from Pixel Mask or Pixel 
Address Register (READ or WRITE 
Mode} Followed by WRITE 

------------1 
I"" 1RW1 >I 

--1 I 
21176A 

Figure 8. WRITE and READ Back Pixel Address 
Register (WRITE Mode} 

I I 

RD 

RsoXA 

Rs1XA 

D1. 0 ADDRESS ADDRESS 

21178A 
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Figure 9. READ Color Value the READ Pixel Address Register (READ Mode) 

WR\ 
I I w 1RR1 

~ 
RD 

RS0 'fl)' vu;u 'W' 'W' 
Rs1@' \\\\\\ ~ ~ 
D1·0 ADDRESS 

Figure 10. Color Value WRITE Followed by READ 

RD 

11m1 '<XXXXXXY 
AXXXX}.. AXXXXX'f.}. 

( ADDRESS ) ( RED ) 

Figure 11. Color Value WRITE Followed by WRITE 

R5 I __, 
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D1 ·O 
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AXXXXXA 
( ADDRESS ) 

'<XXXXXXY 
AXXXXX'f.}. 

( RED ) 

vu;u '<XXXXXXXXXXXXX 

/WI '= 
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21179A 

'<XXXXXXY xxxx 
J.XXXXXX}.. xxxx 
( GREEN ) >-----( BLUE )i----<XXXX) 

21180A 

'<XXXXXXY '<.XXXXXXX xxx 
AXXXXX'f.}. J.XXXXXti xxx 
( GREEN ) ( BLUE ) 0000 

21181A 
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Figure 12. Color Value READ Followed by READ 

Rsot;f;l' 'OCllXI '<XXXXXXY '™ '<XXXXXXX xxx 
Rs1©, /..XXXX)... AXXXXXXA 

D1 ·O ( ADDRESS ) ( RED ) 
.........____._.~....__ ............... ~....__~/..X'f.:tl..X't~~~~~~---XXX~~ 

>------<( GREEN )>------<( BLUE )>----.0000 
21182A 

Figure 13. Color Value READ Followed by WRITE 

WR~ ~ 
~I WR3 ------1 1------- t RR1 ==:j t= tRR1 :=:j !;:=I RR2 ------1----
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~\\ /..X'f.Xl..X'tA /..X'f.Xl..X'tA ~ xxx 
D1. o -----<( ADDRESS )>--~( RED )>------<( GREEN )>-----<( BLUE )>----0000 

21183A 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ................................................................................................................................................................................... - 0.5 to + 7.0V 

Input Voltage ............................................................................................................................................. , ............................................ - 0.5 to + 7.0V 

Temperature 
Operating, ambient ........................................................................................................................................................... 0°C to + 70°C 

Storage ........................................................................................................................................................................... -65 to + 150°C 

Note 1. Stresses above those listed may damage the device permanently. Proper operation at these or any other conditions outside those listed in 
this data sheet rs not implied. Exposure to absolute maximum rating cond1t1ons for extended periods may affect device reliability. 

TRW LSI Products Inc. 11 
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Operating conditions 

12 

Temperature Range 

Standard 
Min 

Parameter - -4 -5 -6 -8 Max Units 

Vee Positive Supply Voltage (Measured. to GND) 4.5 4.5 4.5 4.5 4.5 5.5 v 

IREF Reference Input Current -3 -3 -3 -3 -3 -10 mA 

VIL Digital Input Voltage, Logic LOW -0.5 -0.5 -0.5 -0.5 -0.5 0.8 v 
VJH Digital Input Voltage, Logic HIGH 2.0 2.0 2.0 2.0 2.0 Vcc+o.5 v 

loL Output Current, Logic LOW 2.0 mA 

loH Output Current, Logic HIGH -4.0 mA 

1CLK PCLK Period 28 25 20 15 12 ns 

Ll.tc PCLK Jitter I ±2.5 % 

1PWL PCLK Width, LOW 9 8 6 5 4 ns 

tpwH PCLK Width, HIGH 7 7 6 5 4 ns 

ts Pixel Word or BLANK Setup Time 2 5 4 4 3 3 ns 

tH Pixel Word or BLANK Hold Time 2 5 4 4 3 3 ns 

twwL WR Pulse Width, LOW 50 50 50 50 50 ns 

tRWL RD Pulse Width, LOW 50 50 50 50 50 ns 

tsR Register Select Setup Time 15 12 10 10 10 ns 

tHR Register Select Hold Time 15 12 10 10 10 ns 

tso WR Data Setup Time 15 12 10 10 10 ns 

tHD WR Data Hold Time 15 12 10 10 10 ns 

tww1 Successive WRITE Interval 3 3 3 3 3 ICLK 
tWRl WR Followed by READ Interval 3 3 3 3 3 ICLK 
1RR1 Successive READ Interval 3 3 3 3 3 tCLK 
1RW1 RD Followed by WRITE Interval 3 3 3 3 3 tcLK 

1ww2 WR after Color WRITE 3 3 3 3 3 3 tcLK 
1WR2 RD after Color WRITE 3 3 3 3 3 3 ICLK 
tRR2 RD after Color READ 3 6 6 6 6 6 ICLK 
tRW2 WR after Color READ 3 6 6 6 6 6 ICLK 

1WR3 RD after Read Address WRITE 3 6 6 6 6 6 ICLK 

tTRW READ/WRITE Enable Transition Time 50 50 ns 

tA Ambient Temperature, Still Air 0 0 0 0 0 70 oc 

Notes: 1. This parameter is the allowed variation in the pixel clock frequency. It does not permit the pixel clock period to vary below the minimum 
specified tcLK value 

The color palette's pixel address must be valid for the specified minimum setup and hold times at each 11s1ng edge of PCLK Jth1s requirement 
includes the blanking period!. 

This parameter allows synchron12ation between operations on the microprocessor interface and the pixel stream being processed by the color 
palette 
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Electrical characteristics within specified operating conditions 

Parameter 

Vol 

VoH 

C1 

Co 

C10 

11 

loz 
Ice 

VREF 

Voe 
loc 

EG 

al our 

Eu 

tR 

ts ET 

GA 

CA 

VB LANK 

EoF 

Notes: 1. 

2. 
3. 

4. 
5. 

6. 

Temperature Range 

Standard 
Test Conditions Min Max Units 

Output Voltage, LOW loL =Max 0.4 v 
Output Voltage, HIGH loH=Max 2.4 v 
Input Capacitance 7 pF -Output Capacitance 7 pF 
Input/Output Capacitance 16 pF 

Input Leakage Current -10 10 µA 
Output Leakage Current -10 10 µA 
Operating Supply Current lour= Max, Digital Outputs 

Unloaded, PCLK = 35MHz 150 mA 

Reference Voltage at IREF Pin Vcc=4.5V, IREF= 10mA Vcc-3 v 
Output Voltage Compliance lour<10mA 1.5 v 

-
Output Current Compliance Vour<lV, IREF<lOmA 21 mA 

Absolute Gain Error 1 ZL= 750+30pF, IREF=4.44mA or 
ZL=37.50+30pF, IREF=8.88mA t5 % 

DAC to DAC Mismatch 2 ZL=750+30pF, IREF=4.44mA t 1 % 

Integral Linearity, Terminal Based 3 ZL= 750+30pF, IREF=4.44mA ±0.5 I SB 

Rise Time 4 ZL=750+30pF, IREF=4.44mA 8 fl.S 

Full-Scale Setting Time5 ZL=750+30pF, IREF=4.44mA 28 flS 

Glitch Area 6 ZL= 750+30pF, IREF=4.44mA ?00 pV ~or: 

DAC Output Capacitance BLANK= Logic LOW 

Blanking Output Voltage BLANK= Logic LOW, 

ZL= 750+30pF, IREF=4.44mA 

Unadjusted Output Offset Error BLANK= Logic HIGH, 

ZL= 750+30pF, IREF=4.44mA 

Absolute gain error is defined as 100% IF.S.lour 2 1 • IREF)/2.1 • lfiEF VBLACK LEVEL =OV. 
The listed value is relative to the midpoint bf 1he full-scale distribution of the three DACs. 

10 

±0.5 

±0.5 

Zero and .full-scale adjusted linearity error= llVour VoFFSETl-IDxVLSB)]/VLSB, where VLSB = iVFULLSCALE-VOFFSETl/63. 

The rise time is measured for 10% to 90% of the full-scale transition. 

pr 

LSB 

LSB 

The output signal's setting time is measured from a 2% change at the transition's initial value until it has settled tp within 2% of the final 
value. 

This value is determined using triangular approximation: glitch area= larea of positive transient)-larea of negative transient). 

TRW LSI Products Inc. 13 



TMC0171, TMC0176 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
- -4 -5 -6 -8 

Parameter Min Max Min Max Min Max Min Max Min Max Units 

tos PLCK to Valid DAC Output 1 5 30 5 30 5 30 . 5 30 5 30 ns 

Atos Differential Output Delay 2 2 2 2 2 2 ns 

tENA Output Turn-On Delay 5 5 5 5 5 ns 

to1s Output Turn-Off Delay 3 20 20 20 20 20 ns 

too RD Enable Access Time 40 40 40 40 40 ns 

tHO Output Hold Time 5 5 5 5 5 ns 

He Clock Feedthrough 4 -30 -30 -30 -30 -30 dB 

Notes: 1. A valid analog output is defined as the 50% point between successive values. This parameter is stable with time but can vary between different 
devices and may vary with different DC operating conditions. 

2. This applies to different analog outputs on the same device. This is a design parameter, not 100% tested. 

3. Measured at ± 200mV from initial steady state output voltage. 

4. Reference to full-scale output 

AC Test Conditions A ground plane will minimize differential ground noise by 
uv holding the pin 14 voltage near 0 during the current 

TMC0171 - - !°,!>~ ? lnpul Pulse Levels ....................... GND to 3V . transitions. 
PINS "'"T.:VVY--- Input Rise and Fall 1imes·(10% to 90%) ......... 2.Sns 
o7•0 J_ SDpF Digital lnput1iming Referenoe Level ............ 1.SV Analog Output-line Driving 

_ Digital Output 1iming Reference Level ... O.BV and 2.4V 

Application Hints 

Power Supply 

21168A 

The video DAC may draw large transient currents from 
the power supply. To ensure proper operation. use 
standard high frequency board layout techniques and 
power supply distribution. 

The transient current required by the device dictates 
that the ground path impedance must be minimized by 
using decoupling ,capacitors. as shown in Figure 14. 
These capacitors' leads must be as short as possible. 
High-frequency decoupling is accomplished with a 0.1 µF 
chip capacitor, C1. A bead tantalum, between 1 OµF to 
4 7 µF, should be used for C2. 

14 

The output connections should be viewed as transmission 
lines. Impedance changes along these lines will reflect 
part of the video signal back to the DACs' outputs. To 
ensure good signal fidelity, RF design techniques should 
be observed. Any traces connecting the DAC to an 
onboard connector should form a transmission line of 
750 impedance, unless the DAC's output termination 
resistor is placed at the output connector instead of the 
DAC's output pin. The coaxial cable that connects the 
outputs to a video monitor should have a characteristic 
impedance of 750. Since connectors on the coaxial line 
can cause impedance changes. any connectors used 
must match the line's characteristic impedance. 

The DACs use switched current sources that are 
summed together to generate the output current Each 
6-bit DAC consists of 63 current sources, each of 

TRW LSI Products Inc. 
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Analog Output-Line Driving (cont.) 

which has a magnitude of 1 /30 llREF). The digital input 
code determines the number of current sources that 
contribute to the total output current. This output 
current, in conjunction with a termination resistance 
connected between each DAC output and ground, sets 
the full-scale magnitude of the output voltage. There are 
four different methods of terminating the DAC outputs: 

Single-Terrriiriation at the 0.1\C (?SQ) 

2. Single-Termination at the Destination 1750) 
3. Double-Termination l37.5Q) 
4. Buffered Signal 

1. Single-termination at the source places a single 
termination resistor at each DAC output. No other 
terminating load is present. Therefore, a high-input 
impedance monitor should be used. The AC load 
driven by each DAC's outputs is the transmission line 
impedance in parallel with the load resistor. The 
transmission line's impedance should match that of 
the load resistor. Thus, the DACs' output has an 
initial signal amplitude that is half the DC value 
expected. This half-amplitude signal is 100 % 
reflected by the open circuit presented by the 
monitor input, restoring the signal amplitude to the 
expected value. The reflections from the monitor 
propagate back to the DAC output, where the load 
resistor presents a correctly terminated transmission 
line so that no further reflections occur. This 
arrangement is relatively tolerant of mismatches in 
the transmission line between the DAC and the 
monitor because no reflections occur at the DAC end 
of the transmission line. However, multiple monitors 
should not be connected in parallel, despite each 
monitor's high-input impedance. 

2. Single-termination at the destination uses the 
termination impedance at the input of the monitor 
as both the load resistor for the DAC and the 
termination impedance of the cable !transmission 

TRW LSI Products Inc. 

line). If the connections are correctly terminated 
there will be no reflections. However, if there are 
any line impedance variations along the cable, 
reflections will occur and create "ghost images" on 
the display. This occurs because there is a reflection 
from the point where the mismatch occurs back to 
the DAC's output. The signal then reflects off the 
DAC's output back toward the monitor, causing an 
echo, or "ghosting". 

3. Double-termination of the DAC outputs allows each 
end of the transmission line to be correctly matched. 
This results in the least amount of reflection and the 
highest signal and display fidelity. This termination 
method permits the fastest rise time. The DAC termi­
nation's RC time constant sets the outputs' rise time. 
The greater the time constant, the slower the rise 
time. Therefore, the rise time will be minimized since 
the impedance using this termination technique is 
less than that achieved with single-termination. With 
double-termination, it is necessary to increase IREF 
to 8.BmA to ensure a full-scale output voltage of 
700mV. 

4. With a buffer at its outputs the DACs will be able to 
drive capacitive loads such as long lossy cables. A 
high-input impedance buffer, e.g., LM 1201 or 
LM1203, is required. A 750 load is placed at the 
buffer's input. 

The buffer's low output impedance should be 
matched to the interconnecting cable with a series 
resistor. The cable should then be terminated with 
the same resistance at the monitor. 

ESD Protection 

Although each pin has on-chip electrostatic discharge 
damage IESD) protection, proper handling precautions 
during manufacturing will reduce the possibility of ESD. 
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Generating IREF 

An active IREF current source will ensure that the video 
DAC has predictable and stable output currents. There 
are numerous methods available to generate the 
reference current. One of the simplest circuits is shown 
in Figure 14. As shown, this IREF generator will sink 
-4.44mA !single-termination) with R1=22.10 and 
R2=93H1 

For double-termination applications, R1=11 Q and 
R2 = 464Q. The diode connected transistor, 01, across 
02's base-emitter junction compensates for thermal 
variations to first order. 

Figure 14. Typical Connection Showing IREF Generator 

Po 

P1 

P2 
Vee 

PIXEL ADDRESS INPUT 
P3 

P4 
1REF 

P5 

P5 
GND 

P7 

Do 
PCLK 

D1 TMC0171 /TMC0176 

DATA INPUT/OUTPUT 

D2 

D3 
RED 

04 

05 

05 GREEN 

07 

RSo 

RS1 BLUE 
RO 

WR 

BLANK 

PIXELSIGNALS ILJLnJL.. 
NOTE: 1. Bead· style tantalum capacitors should be used for the 10µF devices. 

2. Thermally connect the NPN transistors together. 

+5V 

+ 10µF 

+2 

750 

750 

750 

750 

750 

750 

Source Termination 3 

+ 
10.uF 

0.1.uF + 
10µF 

For IREF to equal 4.4mA; 
R1 = 22.10, R2 = 9310. 

For IREF to equ~ 8.SmA; 
R1 = 110, R2 = 4640. 

TO MONITOR'S RED INPUT 

TO MONITOR'S GREEN INPUT 

TO MONITOR'S BLUE INPUT 

3. For single termination, set IREF to 4.44mA and use either source cr destination termination resistors. For double termination, set IREF to 8.88MA and use both 
srurce and destination resstors. 21184A 
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Figure 15 shows an alternative method of generating 
IRff The LM334 precision current source is used in a 
temperature compensated configuration. The reference 
current is set by a single resistor, R1, independent of 
Vee. The current's value is: 

IREF = 130mV/R1 

This current is not recommended for critical applications, 
particularly with double-termination. 

Figure 15. Typical Connection with LM334 Current Source IREF Generator 

Pc 
P1 Vee 
P2 

PIXEL ADDRESS INPUT 
P3 

P4 
IREF 

P5 

P5 
GND 

P7 

Do 
PeLK 

D1 TMC0171/TMC0176 

DATA INPUT/OUTPUT 

D2 
RED 

D3 

D4 

Ds 

D5 GREEN 

D1 

RSo 

RS1 BLUE 
RD 

WR 

BLANK 

PIXELSIGNALS nnnn 
NOTE: 1. Bead -style tantalum capacitors should be used for the 1 OµF devices. 

2. R1 = 300 for IREF 4.44mA; 
R2 = 10 times R1 
150 for IREF = 8.88mA 
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TMC0171, TMC0176 

Figure 16 shows a TDC4611 and a discrete transistor 
generating a very stable IRff 

The TOC4611's on-board reference produces a nominal 
1.24V. The voltage divider connected to the reference's 
output, pin 3, creates 200mV that is applied to R1. 

Ignoring the small amount of base current, the discrete 
transistor's collector current (and therefore, IREFl is: 

IREF= 200mV/R1 

For IREF=4.44mA. R1 is, to the nearest 1% value 
44.20; IREF:::;:8.88mA gives an R1 of 22.10. 

Figure 16. Typical Connection with IREF Generator Using TDC4611 

Po 

P1 Vee 
P2 

PIXEL ADDRESS INPUT 
P3 

P4 1REF 

P5 

P5 

P7 
GND 

Do 

D1 TMC0171/TMC0176 
D2 PCLK 

DATA INPUT/OUTPUT 
D3 

D4 RED 

Ds 

D5 

D1 GREEN 
RSo 

RS1 

iiD 
WR BLUE 

BLANK 

·-00~{ 
PIXELSIGNALS nnJLn 

Note: 1. Bead • style tantalum capacitors should be used for the 1 OµF devices. 
2. For IREF • 4.4mA, R1 • 4.420 

For IREF • 8.68mA, R1•22.10 

Decoupling IREF 

The DAes comprise switched current sources. Each 
current source is based on a current mirror that 
produces llREF)/30 when active. The total output current 
is determined by the number of active current sources 
switched to the output and the magnitude of IRff 

The magnitude of the current flowing through the 
internal current sources depends not only on IREF· but 

18 

-= 

+SV 

0.1µF 
+ + ~.1µF ::poµF 0.1µF 

R1 1K 

-= 
750 TO MONITOR'S RED INPUT 

750 

-= 
750 TO MONITOR'S GREEN INPUT 

750 

~Sn TO MONITOR'S BLUE INPUT 

Source Termination 

21186A 

also on the voltage at pin 4 relative to Vee. Therefore, 
voltage variations between Vee and the IREF input can 
result in variations in the DAe's output current. These 
variations can be greatly attenuated by using a high­
frequency capacitor to couple the IREF input to Vee. 
This allows the reference current input to track both high 
and low frequency variations in Vee. 

. TRW LSI Products Inc. 



TMC0171, TMC0176 -~·-· .. ,,,,,. 
Ordering Information 

Product Speed Temperature Range Screening Package Package 
Number (MHz) Marking 

TMC0171N6C 35 STD-TA= 0°C to 10°c Commercial 28 Pin Plastic DIP 0171N6C 
TMC0171N6C4 40 STD-TA= 0°C to 70°C • Commercial 28 Pin Plastic DIP 0171N6C4 

TMC0171R2C 35 STD-TA=0°C to 10°c Commercial 44 Lead Plastic J-Leaded Chip Carrier 0171R2C 

TMC0176N6C4 40 STD-TA=0°C to 10°c Commercial 28 Pin Plastic DIP 0176N6C4 
TMCQ1?6N6C5 50 !':Tn-T A= 0°r. to 70°C Commercial 28 Pin Plastic DIP 0176N6C5 
TMC0176N6C6 66 STD-TA=0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C6 
TMC0176N6C8 80 STD-TA=0°C to 70°C Commercial 28 Pin Plastic DIP 0176N6C8 

TMC0176R2C4 40 STD-TA= 0°c to 70°C Commercial 44 Lead Plastic J-Leaded Chip Carrier 0176R2C4 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 19 
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TMC0458 ---~·-· ••••• Advance Information 

Color Palette with Triple 0/A Converter 
8 bit, 200Msps 
The TMC0458 is a 256 x 24 color palette which drives three 
8-bit 0/A converters to generate high-resolution analog 
graphics. The 5-way multiplexed data inputs permit the 
circuit to operate at 200Msps with TTL data input logic. A 
differential pseudo-EGL master clock input is provided. The 
device operates from a single +5V supply. 

The dual-port palette can be read by the host 
asynchronously from the pixel clock through a standard 
microprocessor interface. Color overlay tables support 
menus, grids, cursors, and other enhancements. Bit planes 
may be masked or blinked. The TMC0458 is pin- and 
functionally-compatible with the BT458. 

Fabricated in TRW's one micron OMICRON-C ™CMOS 
process, the TMC0458 is available in an 84 pin Plastic 
Leaded Chip Carrier (PLCC) or Plastic Pin Grid Array (PPGA). 

Features 

• Triple 8-Bit 0/A Converters 
• 256 Colors From A Palette Of 16.8 Million 

Simplified Block Diagram 
CLOCK>--------.....--+ 

[ij >------<>-----~ 

• 200Msps Pixel Rate 
• Multiplexed TTL Pixel Input 
• Standard Microprocessor lntertace 
• RS343A-Compatible Outputs 
• Single +5V Power Supply 
• Monolithic 
• Available In PPGA And PLCC 
• Low Cost 

Applications 

• High Resolution Graphics 
• Image Processing Systems 
• CAO/CAE/CAM 

Associated Products 

• TDC4611 Reference/Amplifier 
• TMC2272 Color Space Converter 

MICRO-PROCESSOR 
INTERFACE COMP'>----~ 

VREF>----~ 

TRW LSI Products Inc. 
P 0 Box 2472 
La Jolla, CA 92038 

10 

MASK BLINK 
REGISTER CONTROL 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

IOR 

IOG 

IOB 
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TDC1012 ... ~·-· 
··~·· 

Monolithic Digital-To-Analog Converter 
12-Bit, 20Msps 
The TDC1012 is a TIL compatible, 12-bit monolithic D/A 
converter capable of converting digital data into an analog 
current or voltage at data rates in excess of 20 Mega­
samples-per second (Msps). 

The analog performance has been optimized for dynamic 
performance, with very low glitch energy. The dual outputs 
are able to drive 50Q load with 1 Volt output levels while 
keeping a spurious-free-dynamic range greater than 70dB. 

Data registers are incorporated on the TDC1012. This 
eliminates the temporal data skew encountered with 
external registers and latches and minimizes the glitches 
that can adversely affect performance in many 
applications. 

Interface Circuit 

features 
• 12-Bit Resolution 
• 20 Msps Data Rate 

• TILlnputs ~ 
• Very Low Glitch With No Track And Hold Circuit Needed 
• Dual +4dBm (1V Into 50Q) Outputs Make Output 

Amplifiers Unnecessary In Many Applications 
• 70dB Typical Spurious-Free Dynamic Range 
• Available Compliant To MIL-STD-883 

Applications 
• Direct Digital RF Signal Generation 
• Test Signal Generation 
• Arbitrary Waveform Synthesis 
• Broadcast And Studio Video 
• High-Resolution A/D Converters 

REF+ REF· COMP AGND DGND Vee 
D1(MSB) 

D2 

D3 

D4 

D5 

D5 

D7 

De 

Dg 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

TDC1012 

CONV FT VEEA VEED 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

24073A 
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TDC1012 

Functional Block Diagram 

REFERENCE 

REF· }--~AM:P~Ll~AE:R:.__~i;_,;>----j 
COMP >---------' 

o1 {MSB) 

D2 

D3 

04 

05 

05 

CONV 

FT 

D7 

D5 

Dg 

D10 

D11 

012 (LSB) 

MSBDECODE 
REGISTER 

LSB DATA 
REGISTER 

Pin Assignments 

24 

Vee 26 
CONV 27 

FT 28 

VEEA 
REF· 
REF+ 3 

COMP 4 

I 
~ CcNGc•csncro 

lQ Ci1; i::l !::! l'i l<l ~ 

i.nm,....coc:ns:;: 

tt;O-&'o°' J!~-~ 
> -

N 

Q 

18 NC 

17 DGND 
16 NC 
15 OUT· 
14 OUT+ 

13 AaND 
12 NC 

24075A 

28 Contact Chip Carrier-C3 Package 
28 Leaded Plastic Chip Carrier-R3 Package 

CURRENT 
SWITCH ARRAY 

Dg 1 

010 2 

D11 3 

(LSB)D12 4 

AGND 5 

OUT+ 6 

OUT· 7 

DGND 8 

D5 9 

o5 10 

o4 11 

03 12 

63 UNIFORMLY WEIGHTED 
MSB CURRENT SWITCHES 

6 BINARY WEIGHTED 
LSB CURRENT SWITCHES 

24076A 

-~·-· I 1'1[lrlr 

OUT+ 

OUT· 

24074A 

24 Ds 

23 ~ 
22 vEED 

21 COMP 

20 REF+ 

19 REF· 

18 vEEA 

17 FT 

16 CONV 

15 Vee 

14 D1 (MSB) 

13 D2 

24 Pin Hermetic Ceramic DIP-J7 Package 
24 Pin Plastic DIP-N7 Package 
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TDC1012 

Functional Description 

General Information 

The TDC1012 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches 

There are three major D/A architectures: segmentated, 
weighted current sources, and R-2R. In segmentated 
converters there is one current source for each possible 
output level. The current sources are equally weighted 
and for an input code of N, N current sources are turned 
on. An N bit segmented D/A has 2N-1 current sources. 
A weighted current source D/ A has one current source for 
each input bit, and a binary weighting for the current 
sources. In an R-2R 0/ A, there is one current source per 
bit and a resistor network which scales the current sources 
to have a binary weighting. When transitioning from a 
code of 011111111111 to 100000000000, both the 
R-2R D/A and Binary weighted 0/A are turning some 
current sources on while turning others off. If the timing is 
not perfect, there is a moment where too many current 
sources are either on or off, resulting in a glitch. In a 
segmented architecture, 2047 of the current sources 
remain on, and one more is turned on to increment the 
output - no possibility of a glitch. 

The TDC1012 uses an architecture with the 6 MSBs 
segmented and the 6 LSBs form a R-2R network. The 
result is a D/A converter which has very low-glitch energy, 
and a moderate die size. 

Power, Grounds 

The TDC1012 requires a -5.2V power supply and a +5.0V 
power supply. The analog (VEEA) and digital (VEEO) supply 
voltages should be decoupled from each other, as shown 
in the Typical Interface Circuits. The Vee pin should be 
consi~ered a digital power supply. The 0.1 µF decoupling 
capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 
neither critical in value nor always required. 

TRW LSI Products Inc. 

Reference 

The TDC1012 has two reference inputs: REF+ and REF-. 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (RREF). This current is the reference current (IREF) 
which serves as an internal reference for the current 
source array. ThR output current for ::in input code N frorn 
OUT+ is related to IREF through the following relationship: 

IOUT = N x IREF 
64 

WhereN is the value of the input code 

This means that ~ith an IREF.that is nominally 625µA, the 
full scale output 1s 40mA, which will drive a 500 load in 
parallel with a 500 transmission line (250 total load) with ' 
a 1 V peak t? peak signal. The impedance seen by the REF­
and REF+ pins should be approximately equal so the effect 
of amplifier input bias current is minimimJ The TDC1017 
has been optimized to operate with a rcfernncr: currn111 of 
625mA. Significantly increasing or decreasing this currunt 
may degrade the performance of the device. 

The minimum and maximum values for VREF and IREF are 
listed 1n the table of Operating conditions. The internal 
reference amplifier is externally compensated to assure 
stability. To compensate this amplifier, a 0.1 µF capacitor 
should be connected between the COMP pin and VEEA 
The ampl1f1er has been optimized to minimize the settling 
time, and as a result should be considered a DC amplifier. 
Performance of the TDC1012 operating in a multiplying D/A 
mode is not guaranteed. 

Stable, adjustable reference circuits are shown in the 
Typical Interface Circuits, 5, Band 7. 

Digital Inputs 

The data inputs are TTL compatible. The TDC1012 is 
specified with two sets of setup and hold times. One of 
these pairs of specifications guarantees the performance 
of the TDC1012 to specifications listed in the Minimum 
and Maximum columns of the System performance 
characteristics table. 
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TDC1012 

The second more rigid specification is recommended for 
applications where lowest possible glitch and highest 
SFDR are desired. The more stringent ts and tH ensure 
that the data will not be slewing during times critical to the 
TDC1012, and will minimize the effects of capacitively 
coupled data feedthrough and optimize SFDR performance. 

Another method for reducing the effect of capacitive 
coupling is to slow down the slew rates of the digital 
inputs. This has been done in the circuit shown in the 
Typical Interface Circuits by the addition of 500 series 
resistors to the data lines. 

Clock and Feedthrough Control 

The TDC1012 requires a TTL clock signal (CONV) Data is 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT= HIGH) 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1012 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull­
down resistor is provided,and this pin may be left open for 
clucked operation. 

For certain applications, such as high-precision successive 
approximation A/D converters, throughput delay may be 
more important then glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously in response to the 
digital inputs. 

26 

Since skew in the bits of the input word will result in 
glitches, and will affect settling time, it is recommended 
that the TDC1012 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By driving the current source outputs into a 
resistive load, they may be used as voltage outputs. OUT+ 
provides a 0 to -40mA output current (0 to -1 V when 
terminated in 250) as the input code varies from 
000000000000to111111111111. OUT-variesina 
complementary manner from -40 to OmA (-1 to OV when 
terminated with 250) over the same code range. (See the 
Input Coding Table.) 

The output current is proportional to the reference current 
and the input code. The recommended output termination 
is 250. This can be provided by placing a 500 source 
resistor between the output pin and ground, then driving a 
terminated 500 transmission line. With this load, the 
output voltage range of the converter is 0 to -1.0V. 

If a load is capacitively coupled to the TDC1012, it is 
recommended that a 250 load at DC, as seen by the 
TDC1012, continue to be maintained. The output voltage 
should be kept within the output compliance voltage range, 
Voe, as specified in the Electrical characteristics 
table, or the accuracy may be impaired. 

TRW LSI Products Inc. 



TDC1012 

Package Interconnections 

Signal Type Signal Function Value J7&N7 C3&R3 
Name Package Pins Package Pins 

Power Vee Digital Supply Voltage +5.0V 15 26 

AGND Analog Ground o.ov 5 13 

DGND Digital Ground o.ov 8 17 

VEEA Analog Supply Voltage -5.2V 18 1 

VEED Digital Supply Voltage -5.2V 22 5 

Reference REF- Reference Voltage Input -1.0V 19 2 

REF+ Reference Current Input -625µA 20 3 

COMP Compensation Capacitor 0.1 µF, see text 21 4 

Data Inputs Dl (MSB) Most Significant Bit TTL 14 24 

D2 TTL 13 23 

D3 TTL 12 22 

D4 TTL 11 21 

D5 TTL 10 20 

D6 TTL 9 19 

D1 TTL 23 6 

D3 TTL 24 7 

D9 TTL 1 8 

D10 TTL 2 9 

D11 TTL 3 10 

D12 (LSB) Least Significant Bit TTL 4 11 

Feedthrough FT Feedthrough Mode Control TTL 17 28 

Convert CONV Convert (Clock) Input TTL 16 27 

Analog Output OUT+ Analog Output 0 to 40mA 6 14 

OUT- Analog Output 40to OmA 7 15 

Input Coding Table1 

Input Data OUT+ (mA) VouT+(mV) OUT-(mA) vouT-(mVl 
MSB LSB 

0000 0000 0000 0.000 0.00 40.000 -1000.00 

0000 0000 0001 0.009 -0.24 39.990 -999.75 

0000 0000 0010 O.D19 -0.49 39.980 -999.52 . . . . . . . . . . . . . . . . 
011111111111 19.995 -499.88 20.005 -500.12 

1000 0000 0000 20.005 -500.12 19.995 -499.88 . . . . . . . . . . . . 
111111111101 39.980 -999.52 0.019 -0.49 

111111111110 39.990 -999.75 0.009 -0.24 

111111111111 40.000 -1000.00 0.000 0.0 

Note 1. IREF = 625µA, RLOAD = 25Q 

TRW LSI Products Inc. 27 



TDC1012 

Figure 1. Timing Diagram 
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Figure 2. Equivalent Input Circuits 
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TDC1012 

Figure 3. Equivalent Reference and Output Circuits Figure 4. Output Test Load 

REF+ 

REFERENCE REFERENCE 
AMPLIFIER CURRENT r·-----, r-----, 

I 
I 

CURRENT 
SINK#N 

.-----!--v~-!---..---~--0 OUT+ 
~-o--.r--.o---<t-----+---o OUT· 

21345A 

TEST LOAD: 

OUT+ a--+------ OT0-1 VOLT 
OUT· 

21346A 

Absolute maximum ratings (beyond which the device may be damaged)1 

Supply Voltages 

Vee 

VEEA 

VEEA 
VEED 

AGND 

(Measured to DGND) .............................................................................................................................................. -0.5 to +7.0V 

(Measured to AGND) .............................................................................................................................................. -7.0 to +0.5V 

(Measured to VEED) ............................................................................................................................................... -50 to +50mV 
(Measured to DGND) .............................................................................................................................................. -7.0 to +0.5V 

(Measured to DGND) .............................................................................................................................................. -0.5 to +0.5V 

Inputs 

CONV, FT, D1-12 (Measured to DGND)2 ................................................................................................................... Vee +0.5to-0.5V 

CONV, FT, D1-12 Current, Externally Forced3 .............................................................................................................................. ±3mA 

REF+, REF-, Applied Voltage (Measured to AGND)3 ........................................................................................................ VEEA to +OV 
REF+, REF-, Current, Externally Forced3 ....................................................................................................................................... ±3mA 

Outputs 

OUT+, OUT-, Applied Voltage (Measured to AGNo)2 ...................................................................................................... -2.0 to +2.0V 

OUT+, OUT-, Current, Externally Forced3 .................................................................................................................................... +50mA 
Short-Circuit Duration (Single Output to GNO) ........................................................................................................................ unlimited 

Temperature 

Operating, Ambient 

(Plastic Package) .................................................................................................................................................................... -20 to +90°C 

(Ceramic Package) ............................................................................................................................................................... -60to +150°C 
Junction 

(Plastic Package) .............................................................................................................................................................................. + 140°C 

(Ceramic Package) ........................................................................................................................................................................... +200°C 

Lead, soldering (10 seconds) .......................................................................................................................................................... +300°C 

Storage ................................................................................................................................................................................... -65to +150°C 

Note: 1. Absolute maximum ratings are limited values applied individually while other parameters are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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TDC1012 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Vee Positive Supply Voltage (Measured to DGND) 4.75 5.0 5.25 4.5 5.0 5.5 v 
VEED Negative Supply Voltage (Measured to DGND) -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VEEA Negative Supply Voltage (Measured to AGND) -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage (Measured to DGND) -0.1 0.0 0.1 -0.1 0.0 0.1 v 
VEEA Negative Supply Voltage (Measured to VEED) -20 0 20 -20 0 20 mV 

tPWL CDNV Pulse Width LOW (to Meet Specification) 20 20 ns 

tPWL CONV Pulse Width LOW (to Optimize SFDR) 20 20 ns 

tPWH CONV Pulse Width HIGH (to Meet Specifications) 20 20 cc- ns 

tPWH CONV Pulse Width HIGH (to Optimize SFDR) 20 20 ns 

ts Setup Time, Data to CONV (to Meet Specification) 25 25 ns 

ts Setup Time, Data to CONV (to Optimize SFDR) 32 36 ns 

tH Hold Time (to Meet Specifications) 1 1 ns 

tH Hold Time (to Optimize SFDR) 4 6 ns 

tSF Setup Time, Data to FT 5 7 ns 

tHF Hold Time, Data to FT 28 32 ns 

V1L Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
VREF Reference Voltage (REF-) -0.7 -1.0 -1.3 -0.7 -1.0 -1.3 v 
IREF Reference Current (REF+) 550 625 700 575 625 675 µA 

Cc Compensation Capacitor 0.01 0.1 0.01 0.1 µF 

TA AmbientTemperature, Still Air 0 70 oc 
Tc Case Temperature -55 125 oc 
Notes: I. A common power supply isolated with ferrite bead inductors is recommended for VEEA and VEED· This is shown in the Typical Interface Circuits. 
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TDC1012 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units . 
IEEA+IEED VEEA=VEED=Max,static 

TA=Oto 70°C -180 mA 

TA=70°C -150 mA 
Tc=-55 to 125°C -200 mA 

~" 

Tc=125°C -150 mA 

ice Vcc=Max, Static · 25 mA 

TA=Oto 70°C 

TA=70°C 20 mA 
Tc=-55 to 125°C 35 mA 

Tc=125°C 24 mA 

CREF Reference Input Capacitance 15 15 pF 

C1 Digital Input Capacitance 15 15 pF 

voe Compliance Voltage -1.2 1.2 -1.2 1.2 v 

Ro Output Resistance 12 12 kQ 

Co Output Capacitance 45 45 _JJ£__ 
io Full Scale Output Current IREf=Nominal 40 40 

-+~-"-" 
mA 

l1L Input Current, Logic LOW Vee. VEE=Max 'V1=0.4V -10 50 -10 50 >tA 

l1H Input Current, Logic HIGH Vee. VEE=Max, V1=2.4V -10 100 -10 100 µA 

IJM Input Current, Max Input Voltage Vee. VEE=Max, V1=Vcc Max -10 100 -10 100 µA 

VTH Logic Input Threshold Voltage,Typical Vee. VEE=Nom, TA=25°C 1.25 1.55 1.25 1.55 v 

Switching characteristics 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Typ Max Min Typ Max Units 

Fo Maximum Data Rate VEEA, VEEO. Vee= Min 20 25 20 23 MHz 

toe Clock to Output Delay VEEA, VEEO. Vee= Min, FT =LOW 17 20 ns 

too Data to Output Delay VEEA. VEEO. Vee= Min, FT= HIGH 35 40 ns 

lOF FT to Output Delay VEEA. VEEO. Vee= Min 35 40 ns 

lR Risetime 90% to 10% of FSR, FT= LOW 4 4 ns 

IF Falltime 10% to 90% of FSR, FT= LOW 4 4 ns 
--··· 

tSET Settling Time, Voltage FT= LOW, Full-Scale Voltage 20 30 20 35 ns 

Transition on IOUT to ±0.0188% 
FSR 

TRW LSI Products Inc. 31 



TDC1012 

System performance characteristics 

Parameter Test Conditions 

ELD Differential Linearity Error VEEA. VEED. Vee. IREF= Noml 

TDC1012XXY3 

TDC1012XXY2 

TDC1012XXY1 

Eu Integral Linearity Error VEEA. VEEQ. Vee. IREF= Norn 1 
TDC1012XXY3 

TDC1012XXY2 

TDC1012XXY1 

vos REF+ to REF- Offset Voltage 
_:__ 

IB REF- Input Bias Current 

EG Absolute Gain Error VEEA. VEEQ. Vee. IREF= Norn 

IOF Output Offset Current VEEA. VEEQ. Vee= Min, 

D1-12=LOW 

PSRR Power Supply Rejection Ratio VEEA. VEEQ. Vee. IREF= Nom2 
PSS Power Supply Sensitivity Vee. VEEA. VEED=4%, IREF= Norn 

GA Peak Glitch Area 

SFDR Spurious Free Dynamic Range IREF=Nom, 20Msps, 
10MHz bandwidth 

Fout=6MHz 

Fout=5MHz 
Fout=2MHz 

Fout=lMHz 

Notes: 1. OUT- connected to AGND. OUT- driving virtual ground. 

2. 120Hz. 60DmV p-p ripple on VEE and Vee. 

32 

Min 

-10 

-5 

-5 

60 

Temperature Range 

Standard Extended 
Typ Max Min Typ Max Units 

±0.012 ±0.012 % 

±0.024 ±0.024 % 
±0.048 ±0.048 % 
±0.024 ±0.024 % 

±0.048 ±0.048 % 
±0.048 ±0.048 % 

+10 -10 +10 mV 

5 10 µA 

5 -5 5 % 

+5 -5 +5 µA 

-50 -48 dB 
-140 -140 µAN 

25 45 25 45 pV-sec 

60 dBc 

70 dBc 

75 dBc 

78 dBc 
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Typical Performance Curves (Typical Settling Time Characteristics) 

A. Full-Scale Output Transition, Rising Edge 

Conditions 
Output Load: RL = 25Q 

CL< 5pF 
Temp: Ambient 
Supply Voltages: Nominal 

For Settling Time Detail. See Plot B 

-1.0060 ...... ..J...J..J..J...J..JU-L.u.i..J..U..L.U..u..J...J...J..J..J...J..JU-L.u.i...L.U..L.U...J...J..J..J...J..J...u 

Ons 
TIME Ins) 

200ns 

21596A 

C. Full-Scale Output Transition, Falling Edge 

g 
0 
~ 
w 

"' .. 
!:i 
0 
> .... 
::::J 
0.. .... 
::::J 
0 

Conditions 
Output Load: RL = 25Q 

CL< 5pF 
Temp: Ambient 
Supply Voltages: Nominal 

For Settling Time Detail. See Plot D 

TIME (ns) 
21597A 

E. Typical Settling Time vs. Settling Accuracy 

t0.5 
§" .. 
u 
"! _, _, 
::::J 
LL 
LL 
0 ... t0.1 +• 
c z .. 

t0.05 "' a: 
0 
a: a: 

t0.024 w 

t0.012 
t0.010 

5 

Conditions 

Output Load: RL = 25 
CL <5pF(l 

Temp: Ambient 
Supply Voltages: Nominal 

10 15 20 25 30 
FULL· SCALE SETTLING TIME (ns) 24085A 

TRW LSI Products Inc. 

B. Settling Time, Full-Scale Output, Rising Edge 

1SET 

± 1/2 LSB 

Conditions 
Outputload: RL = 25Q 

CL< 5pF 
Temp: Ambient 
Supply Voltages: Nominal 

-.002 ..... o.u..u..a..u..a..J...U..u..J..u..J..J.J.J..u..J..J...U..u.J..u..a..U-L.u..a..J...U..u.J 

Ons 200ns 
TIME (ns) 

D. Settling Time, Full-Scale Output. Falling Edge 

g 
0 
~ 
w 

"' ~ 
0 
> .... 
::::J 
0.. .... 
::::J 
0 

± 1/2 LSB 

Conditions_~----­
Output Load: RL = 25\1 

CL< 5pF 
Temp: Ambient 
Supply Voltages: Nominal 

- 1.0060 LJ..J.."'"1"-...J...J..J..µ.J..U..LJ..J...L.U..L.U..J..J..i.J..J..i.J..J..i...L.J..U-L..L.U..L.U..J..J..i.U 

Ons 'sET 200ns 
TIME (ns) 

30ns 

F. Typical Supply Current vs. Temperature 
·160....------------------..... 

« 
E 

·150 

·140 

·130 

w ·120 
_)µ 

·110 

·100...__...__.....__....__....._ _ _.__ ..... ______ _. 

·55 ·35 ·15 25 45 
TEMPERATURE "C 

65 85 105 125 

21349A 
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G. Typical Output Spectrum 20Msps 1MHz FOUT 

hp REF .0 dBm ATTEN 30 dB 

10 dB/ 

lvlAR lls_ER ~ 
2~ g IV0 w ~z 
-75 ~B 60 c 

-~·-· 
··~ .. 

MKR D. 2. 970 MHz 
-75.60 dB 

I b 
i..WvlA"lliJ'l"jl 

_1 

l~'"fl'lf' r ~ U_ .. ~ ,.,. "JI"' 'Y'lll''r"' llf'Y"'l11 rr''llf',1 rrirrr ..... 
·1~vvr ,~r 

START 100 kHz 
RES BW 1 kHz VBW 1 kHz 

STOP 10.000 MHz 
SWP 20 sec 

Applications Discussion 

The TDC1012 is a high performance 0/ A converter. To get 
the best possible performance requires careful attention to 
the details of circuit design and layout. 

Layout 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1012. All ground pins should be 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1012 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected to the 
analog groundplane in only one place. The analog and 
digital grounds may be connected in other ways if required 
by the user's system grounding plan, however, the voltage 
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differential between the AGNO and DGNO pins must be 
held to within ±0.1 Volts. 

The high slew-rates of digital data make capacitive 
coupling with the 0/A output a potential problem. Since 
the digital signals contain high-frequency harmonics of 
the clock, as well as the signal that is being provided to 
the TOC1012, the result of data feedthrough often looks 
like harmonic distortion which degrades the Spurious-Free­
Oynamic-Range (SFDR) performance of the 0/A. Capacitive 
coupling can be minimized by keeping digital lines 
physically away from the analog output and reference. 
Another technique that can reduce capacitive data coupling 
is to use low slew rate digital drive circuits or slowing the 
driving edges with series resistors. 

Direct Digital Synthesis Applications 

For most synthesis applications, optimum signal purity is 
obtained with the use of a balun (a simple RF transformer 
made by wrapping a few turns of wire around a ferrite 
core) as shown in Figure 5. This configuration has the 
benefit of canceling common mode distortion. An output 
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amplifier is not recommended because any amplifier will 
add distortion, which is likely to be much greater than that 
present from the outputs of the TDC1012. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve 
even higher performance in some instances by carefully 
"tuning" the inµul data setup and hoid iirnes (siightiy 
delaying or advancing the CONV signal in relation to 
the data) provided to the TDC1012. The Operating 
conditions table has two sets of data for ts and tH. 
one which guarantees performance of the device in most 
applications, and one, more conservative specification, 
which has been found to be optimal for DDS applications. 

The actual digital-data waveform which represents a 
sinewave contains strong harmonics of that fundamental 
frequency. This can be seen by connecting a digital data 
line to the input of a spectrum analyzer. Data feedthrough 
to the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 

Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the expense 
of lowered output voltage. This is achieved by a balun 
used as an impedance transformer as shown in Figure 5. 

The purity of the output of the TDC1012 is greater than 
that which can be measured by many spectrum analyzers. 
The spectral plots shown in this data sheet were 
generated with an HP8568B, which has a noise floor just 
below that of the TDC1012. When making spectral 

TRW LSI Products Inc. 

measurements it is important to remember that the 
TDC1012 output power is +4dBm, which is greater power 
than many analyzers are equipped to handle without 
adding distortion of their own. Accordingly, it may be 
necessary to introduce an attenuator to the input of the 
spectrum analyzer. 

The CONV signal provided to the TDC1012 must be as 
free from clock jitter as possible. Clock jitter is the random 
cycie-to-cycie variation in ciock period. CONV ciock jitter 
will effectively appear at the output as phase noise. A '=-
value of 1 Ops or less for clock jitter is recommended for ~ 
the highest performance applications. Ordinary crystal 
oscillators are satisfactory. High-performance 
synthesizers, such as the HP8662, used to trigger a 
precision pulse generator, are also satisfactory. 

The TMC2340 direct digital synthesizer is ideal for 
generating a digital sinusoid for the D/A converter. The 
TMC2340 automatically generates a carrier frequency 
which may then be digitally phase, frequency or amplitude 
modulated. Two outputs are provided which are 90° out of 
phase (quadrature outputs). For more information on direct 
digital synthesis, and other applications of the TDC1012, 
please see application note TP46and AB-Bfrom TRW LSI 
Products. 

Bipolar Output 

See Figure 6for a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output, either with a balun or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1012 be operated in a single-ended 
fashion, the unused output should be connected directly to 
ground as is shown in Figure 7. 
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Figure 5. Typical Interface Circuit with B11lum Output 
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Figure 6. Typical Interface Circuit with Differential Amplifier Output 
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Figure 7. Typical Interface Circuit with Resistive Load Output 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1012N7CX TA=0°C to 70°C Commercial Plastic DIP 1012N7C-X 

TDC1012J7CX TA=0°C to 70°C Commercial Ceramic DIP 1012J7C-X 

TDC1012J7VX Tc=-55°C to 125°C M IL-STD-883 Ceramic DIP 1012J7V-X 

TDC1012R3CX TA=0°C to 70°C Commercial Plastic Chip Carrier 1012R3C-X 

TDC1012C3VX Tc-55°C to 125°C MIL-STD-883 Ceramic Chip Carrier 1012C3V-X 

Linearity Grade (X) None 1 2 3 

ELD Linearity Error, Differential ±0.096% (4 LSB) ±0.048% (2 LSB) ±0.024% (1 LSB) ±0.012% (1/2 LSB) 

Eu Linearity Error, Integral ±0.096% (4 LSB) ±0.048% (2 LSB) ±0.048% (2 LSB) ±0.024% (1 LSB) 

Al I parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 
change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result 1n personal injury The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 

IREF =625A, RLOAD = 25Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded.Applied 
voltage must be current limited to specified range Forcing Voltage must be limited to specified range. Current is specified as conventional current flowing into tho 
device. 
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Video Speed D/A Converter 
10-Bit, 20Msps 

Features 
• 20Msps Conversion Rate 
• 8, 9, Or 10-Bit Linearity 
• Voltage Output, No Amplifier Required 
• Singfe Supply Operation { - 5.2V, ECL Compatible) 

The TDC1016 is a bipolar monolithic digital-to-analog 
converter which can convert digital data into an analog 
voitage at rates up to 20ivisps iiviegasampies Per 
Second). The device includes an input data register and 
operates without an external deglitcher or amplifier. 

• Dual Supply Operation I± 5.0V, TTL Compatible) G)I 
: • Internal 10-Bit Latched Data Register 

Operating the TDC1016 from a single - 5.2V power 
supply will bias the digital inputs for ECL levels, while 
operating from a dual ± 5V power supply will bias the 
digital inputs for TTL levels. 

All versions of the TDC1016 are 10-bit digital-to-analog 
converters, but are available with linearity specifications 
of either 8, 9, or 10 bits. The TDC1016 is patented 
under U.S. patent number 3283120 with other patents 
pending. 

Functional Block Diagram 

10 TTL INPUTS 
(20 ECL INPUTS) 

• Low Glitch Energy 
• Disabling Controls, Forcing Full-Scale, Zero, And 

Inverting Input Data 
• Binary Or Two's Complement Input Data Formats 
• Differential Gain= 1.5 % , Differential Phase= 1.0° 

Applications 
• Construction Of Video Signals From Digital Data 3x Or 

4x NTSC Or PAL Color Subcarrier Frequency 
• CRT Graphics Displays, RBG, Raster, Vector 
• Waveform Synthesis 

CLK 

(CLK) 

TTL/ECL 
DIGITAL 
INPUT 

DATA CURRENT R-2R 

NDIS 

(NDISl 

NFL 

NFH 

N2C 

VREF 

COMP 

BUFFERS 10 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

LATCHES SWITCHES RESISTOR 

CLK 

10 10 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

NETWORK AouT 
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Pin Assignments 

NC 1 

VEE 2 
COMP 3 

VREF 4 
AGND 5 
AGND 6 
AouT 1 
AoND e 

Vee 9 
DGND 10 
NDIS 11 

CU< 12 
CLK 13 

NDiS 14 
IMSBI 0, 15 
IMSBI 01 16 

N2C 17 ~ 
112 1e 
~ 19 

NFH 20 
~---~ 

40 NC 
39 NC 
38 NC 
37 D10 ILSBI 
36 D10 (LSBI 
35 09 
34 Dg 
33 De 
32 lljj 
31 07 
30 DJ 
29 06 
28 li6 
27 05 
26 ii5 
25 04 
24 li4 
23 03 
22 Di 
21 NFL 

40 Pin CERDIP - 85 Package 

Functional Description 

General Information 

TTL/ECL buffers are used for all digital ihputs to the 
TDC1016. Logic family compatibility depends upon the 
connection of power supplies. When single power supply 
(- 5.2V) operation is employed, all data, clock, and 
disable inputs are compatible with differential ECL logic 
levels. All digital inputs become compatible with TTL 
levels when dual power supply ( ± 5.0V) operation is 
used. 

The internal 10-bit register latches data on the rising 
edge of the clock (CLK) pulse. Currents from the current 
sources are switched accordingly and combined in the 
resistor network to give an analog output voltage. The 
magnitude of the output voltage is directly proportional 
to the magnitude of the digital input word. 

The NFL and NFH inputs can be used to simplify system 
calibration by forcing the analog output voltage to either 
its zero-scale or full-scale value. The TDC1016 can be 
operated in binary, inverse binary, two's complement, or 
inverse two's .complement input data formats. 
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VREF 1 24 COMP 

AilND 2 23 VEE 

AilND 3 22 D10 ILSBI 

AouT 4 21 Dg 
Ao ND 5 20 De 

Vee 6 19 DJ 
DGND 7 1e 06 
NDIS e 17 05 

CLK 9 16 04 
(MSBI D1 10 15 03 

N2C 11 14 NFL 
D2 12 13 NFH 

24 Pin CERDIP - 87 Package 

Power 

The TDC1016 can be operated from a single - 5.2V 
power supply or from a dual ± 5.0V power supply. For 
single power supply operation, Vee is connected to 
DGND and all inputs to the device become ECL 
compatible. When Vee is tied to + 5.0V, the inputs are 
TTL compatible. 

The return path for the output from the 10 current 
sources is AGND· The current return path for the digital 
section is DGND· DGND and AGND should be returned 
to system power supply ground by way of separate 
conductive paths to prevent digital ground noise from 
disturbing the analog circuitry of the TDC1016. All AGND 
pins must be connected to system analog ground. 

Reference 

The reference input is normally set to -1.0V with 
respect to AGND· Adjusting this voltage is equivalent to 
adjusting system gain. The temperature stability of the 
TDC1016 analog output (AouTl depends primarily upon 
the temperature stability of the applied reference voltage. 

TRW LSI Products Inc. 



TDC1016 

Reference (cont.) 

The internal operational amplifier of the TDC1016 is 
frequency stabilized by an external 1 microfarad tantalum 
capacitor connected between the COMP pin and Vff A 
minimum of 1 microfarad is adequate for most appli­
cations, but 10 microfarads or more is recommended for 
optimum performance. The negative side of this capacitor 
should be connected to Vff 

Controls 

The NDIS inputs are used to disable the TDC1016 by 
forcing its output to the zero-scale value (current sources 
off). The NDIS inputs are asynchronous, active without 
regard to the CLK inputs. The other digital control inputs 
are synchronous, latched on the rising edge of the CLK 
pulse. 

The rising edge of the CLK pulse transfers data from the 
input lines to the internal 10-bit register. In TTL mode, 
the inverted inputs for CLK, DATA, and NDIS are inactive 
and should be left open. 

The Input Coding Table illustrates the function of the 
digital control inputs. A two's complement mode is 
created by activating N2C with a logic "O." When NFH 

Package Interconnections 

Signal Signal 
Type Name Function 

Power Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

AGNO Analog Ground 

OGND Digital Ground 

Reference VREF Reference Voltage In 

COMP Compensation 

Controls NDIS Not Disable 
NDIS Not Disable (Inv) 
CLK Clock 

CLK Clock !Inv) 

N2C Not Two's Complement 

NFH Not Force HIGH 
NFL Not Force LOW 

TRW LSI Products Inc. 

-~·-· .. , .. 
and NFL are both activated with a logic "O," the input 
data to the 10-bit register is inverted. 

Data Inputs 

Data inputs are ECL compatible when single power 
supply operation is employed. The J5 and C2 packages 
allow for differential ECL inputs while the J7 and 87 
packages have only single-ended inputs. When 
differential ECL data is used, any data input can be 
inverted simply by reversing the connections to the true 
and inverted data input pins. All inverted input pins 
should be left open if single-ended ECL or TTL modes 
are used. All data inputs have an internal 40 kOhm pull­
up resistor to Vee. 

Analog Output 

The analog output voltage is negative with respect to 
AGND and varies proportionally with the magnitude of 
the input data word. The output resistance at this point 
is 80 Ohms, nominally. 

No Connects 

There are several pins labeled no connect (NC) on the 
TDC1016 J5 and C2 packages, which have no 
connections to the chip. These pins should be left open. 

Value 85 Package Pins 87 Package Pins 

+5.0V 9 6 

-5.0V 2 23 

o.ov 5, 6, 8 2, 3, 5 

O.OV 10 7 

-1.0V 4 1 

1µF 3 24 

TTL/ECL 11 8 

ECL 14 
TTL/ECL 12 9 

ECL 13 

TTL/ECL 17 11 

TTL/ECL 20 13 

TTL/ECL 21 14 
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Package ·Interconnections (cont.} 

Signal Signal 
Type Name 

Data Inputs Dl 

Dl 

D2 
D2 

D3 
D3 

D4 

D4 
D5 

D5 
D5 

D5 

D1 
D1 
D9 

D9 
D9 

D9 
D10 

D10 

Analog Output A our 
No Connects NC 

Figure 1. Timing Diagram 

DATA, 
CONTROLS 

CLOCK 

Note: 1. Differential ECL mode only 
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1os 

-"-

Function 

Data Bit 1 (MSB) 
Data Bit 1 (MSB Inv) 

Data Bit 10 (LSB) 

Data Bit 10 (LSB Inv) 

Analog Output Voltage 

No Connect 

Value 85 Package Pins 87 Package Pins 

TTL/ECL 16 10 
ECL 15 

TTL/ECL 19 12 

ECL 18 

TTL/ECL 23 15 
ECL 22 

TTL/ECL 25 16 

ECL 24 
TTL/ECL 27 17 

ECL 26 
TTL/ECL 29 18 

ECL 28 

TTL/ECL 31 19 
ECL 30 

TTL/ECL 33 20 

ECL 32 
TTL/ECL 35 21 

ECL 34 

TTL/ECL 37 22 
ECL 36 

av to -1v 7 4 

Open 1, 38, 39, 40 --

Figure 2. Analog Output Equivalent Circuit, 
TTL and ECL Mode 

RouT 
8on 1 

AGND 

CouT 

A our 

INPUT DATA DEPENDENT CURRENT SINK 

'-------a VEE 

Note: 1. 75[2 requires outside trim 
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Figure 3. Digital Input Equivalent Circuit, TTL Mode 

Vee 

Figure 4. Digital Input Equivalent Circuit, ECL Mode 

(+5.0V) 

35K 

DATA 

Vee 
(O.OVl 

40K 

Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltages 

Input Voltages 

Output 

Temperature 

Notes 

Vee !measured To DGNol . 

VEE (measured To AGNol ... 

AGND (measured To DGNOI . 

Digital !measured To DGNol ... 

Reference !measured To AGNOI .......................................................................... .. 

Applied voltage (measured To AGNol . 

Short- circuit duration . 

Operating ambient . 

junction ................................................. .. 

Lead, soldering 110 seconds) . 

Storage . 

0.5 to d.OV 

+0.5 to -7.0V 

.. ....... +0.5 to -0.5V 

..... +7.0 to -7.0V 

.. .. -1.5 to +0.5V 

......... +2.0 to -2.ov2 

.. .......................................... indefinite 

............... + 125°e 

+ 175°e 

+300°e 

. .. -65 to + 150°e 

Absolute maximum ratings are l1m1t1ng values applied ind1v1dually while all other parameters are within specified operating cond1t1ons 
Functional operation under any of these cond1t1ons 1s NOT implied 

Applied voltage must be current l1m1ted to specified range 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Vee Positive Supply Voltage TTL Mode 4.75 5.0 5.25 4.50 5.0 5.50 v 
ECL Mode -0.25 0.0 0.25 -0.25 0.0 0.25 v 

VEE Negative Supply Voltage -4.5 -5.0 -5.5 -4.5 -5.0 -5.5 v 
VAGNO Analog Ground Voltage !Measured to OGNol -0.1 0.0 0.1 -0.1 0.0 0.1 v 

tPWL CLK Pulse Width, LOW 15 20 ns 

tpwH CLK Pulse Width, HIGH 15 20 ns 

ts Input Register Set- up Time TTL Mode 20 22 ns 

ECL Mode 25 27 ns 

tH Input Register Hold Time 2 2 ns 

VIL Logic "O" TTL Mode DGNO 0.8 DGND 0.8 v 
ECL Mode -1.67 -1.67 v 

V1H Logic "1" TTL Mode 2.0 Vee 2.01 Vee v 
ECL Mode -1.0 -1.0 v 

VREF Rr.ference Voltage -0.8 -1.0 -1.2 -0.8 -1.0 -1.2 v 
CcoMP Compensation Capacitor 1.0 1.0 µF 

TA Ambient Temperature 0 70 'C 

Tc Case Temperature -55 125 'C 

Note: 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Power Supply Current TTL Mode, Vee = Max, VEE = Max 20 20 mA 

IEE Power Supply Current TTL Mode, Vee = Max, VEE = Max 1 -130 -150 mA 

1REF Reference Input Current VEE = Max, VREF = -1.0V 10 10 µA 

l1L Logic "O" Input Current TTL Mode, Vee = Max, VEE = Max -1.0 -1.0 mA 

ECL Mode, Vee = 0.0, VEE = Max -300 -300 µA 

11H Logic "1" Input Current TTL Mode, Vee = Max, VEE = Max 75 75 µA 

ECL Mode, Vee = 0.0, VEE = Max 350 350 µA 

Gour Output Capacitance Aour to AGNO !Figure 21 10 10 pF 

CIN Digital Input Capacitance Any Digital Input to OGND 35 35 pF 

Rour Output Resistance AouT to AGND !Figure 21 70 95 70 95 Ohms 

Note: 
1. Return current from VEE flows through AGND· 
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Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

Fe Maximum Data Rate TTL Mode Full-Scale Output Step 20 20 MSPS 

EGL Mode Full-Scale Output Step 17.B 17.B MSPS 

tDs Data Turn- on Delay RL = 75 Ohms 30 30 ns 

ts ET Settling Time TOC1016-B to 0.2% 30 30 ns 

TOC1016-9 to 0.1% 35 35 ns 

TOC1016-10 to .05% 40 40 ns 

tRv Output 10% to 90% Risetime VEE = Norn, RL = 75 Ohms, Full-Scale Step 5.5 5.5 ns 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

RES Resolution All TOC1016 Devices 10 10 Bits 

Ell, ELD Linearity Error Integral and Differential TOC1016-B 0.2 0.2 % FS 

Terminal Based TDC1016-9 0.1 0.1 % FS 

TDC1016-10 0.05 0.05 % FS 

VoFS Full-Scale Output Voltage VEE = Norn, RL ;;, 10 kOhms -0.95 -1.05 -0.95 -1.05 v 
V REF = - 1.000V 

Vozs Zero-Scale Output Voltage VEE = Norn, RL ;;, 10 kOhms ± 15 ± 15 mV 

V REF = - 1.000V 

DP Differential Phase NTSC 4x subcarrier I 1.0 1.0 Degree 

DG Differential Gain NTSC 4x subcarrier I 1.5 1.5 % 

GE Glitch "Energy" !Areal RL = 50 Ohms, Midscale 125 125 pV-sec 

GV Glitch Voltage RL = 50 Ohms, Midscale 35 35 mV 

Note 
I In excess of theoretical DP and DG due to quantizing error 
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Input Coding Table 

NDIS N2C NFH NFL 

0 x x x 

1 I 1 1 1 

1 1 1 1 

1 1 0 0 

1 1 0 0 

1 0 1 1 

1 0 1 1 

1 0 0 0 

1 0 0 0 

1 x 0 1 

1 x 1 0 

Notes: 1. For TTL, 0.0 <VIL< + O.BV is logic "O". 

2. For TTL. + 2.0 < v1H < + 5.0V is logic ''1". 

3. For ECL, -1.85< VIL< -1.67V is logic "O". 

4. For ECL, -1.0 < VIH < -0.SV is logic "1" 
5. x ="don't care". 

Calibration 

The TDC1016 is calibrated by adjusting the voltage 
reference to give the desired full-scale output voltage. 
The current switches can be turned on either by loading 
the data register with full-scale data or by bringing the 
NFH input to a logic zero. Note that all 10 current 
switches are activated by the NFH input and the 
resulting full-scale output voltage will be greater than if 
the system used only eight or nine bits for full-scale 
data. 

Typical Application 

The Typical Interface Circuit (Figure 5) shows the 
TDC1016 in a typical application, reconstructing video 
signals from digital data. Television timing signals, SYNC 
and BLANKING, are added by injecting current from the 
Wilson current source into a resistor divider circuit at the 
output of the TDC1016. 
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Data Output Description 

xxxxxxxxxx 0.0 Output Disabled 

1111111111 0.0 Binary !Default State for TTL 

0000000000 -1.0 Mode Control) Inputs Open 

1111111111 -1.0 Inverse Binary 

0000000000 0.0 

0111111111 0.0 Two's Complement 

1000000000 -1.0 

0111111111 -1.0 Inverse Two's Complement 

1000000000 0.0 

xxxxxxxxxx 0.0 Force HIGH 

xxxxxxxxxx -1.0 Force LOW 

The TDC1016 output and currents from the SYNC and 
BLANKING inputs are summed and amplified by the 
HA2539 wide-band operational amplifier. Note the 
careful power supply decoupling at the power input pins 
of the amplifier. The output of the circuit is a composite 
video signal with SYNC and BLANKING levels coming 
from external sources. This technique allows the 
TDC1016 to use its entire dynamic range for the video 
information while pulses are added by other means. 

The reference for the TDC1016 is generated by dividing 
the output voltage from a two-terminal band-gap voltage 
reference. System gain is calibrated by adjusting variable 
resistor R1. Analog and digital grounds should be routed 
back to system power supply ground by separate paths. 
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Figure 5. Typical Interface Circuit 
+1ZV 

+5V 

CLOCK 
1Z 

CLK Vee 
01 MSB 

DZ 

03 

04 

TIL DATA 05 U1 
INPUTS TDC 

06 1016J5 
07 

06 

09 
010 LSB 
VEE COMP VREF AflND 

z 4 

,.....,'11\r_ RI "GAIN" 

-5V 

Parts List 

Resistors 

Rl 
R2 
R3 
R4 
R5 
RS 
R7 
RB.RS 
R10 
R11,R12 
R13 
R14,R15 
R16,R22 
R17,R18 
R19 
R20,R21 

5K 1/4W 
1K 1/4W 
1K 1/4W 
43 1/4W 
33 1/4W 
330 1/4W 
750 1/4W 
10 1/4W 
75 1/4W 
10K 1/4W 
220 1/4W 
100 1/4W 
390 1/4W 
2K 1/4W 
1K 1/4W 
1K 1/4W 

RZ 
"OFFSET" 

R1Z 

10-1urn 
10-turn 
5% 
5% 
5% 
5% 
5% 
5% 
2% 
5% 
5% 
5% 
5% 
10-turn 
5% 
5% 

TRW LSI Products Inc. 

Capacitors 

Cl 0.0lµF 
C2 1.0µF 
C3 1.0µF 
C4 2.2µF 
C5 O.lµF 
C6 2-5 pF 
C7 O.lµF 
CB O.lµF 
C9 O.lµF 
C10 O.lµF 

RF Chokes 
L1,L2 Ferrite beads 

-~·-· .. , .. 
4 zo 

"SYNC" 

I 05 

_r-i L~ •• ~"BLANKING" 
.,,-v~ 

+5V 

-1ZV 

Diodes 

50V CR1 1N4001 
10V 
10V Transistors 
25V 
50V 01 2N2907 
50V Q2 2N2907 
50V OJ 2N2907 
50V 04 2N6660 
50V 05 2N6660 
50V 

Integrated Circuits 

Ul TRW TDC1016 
U2 LM113 
U3 HA2539 
U4 SN7404 
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Ordering Information 1 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC101685CX STD-TA= 0°c to 70°C Commercial 40 Pin CERDIP 1016B5CX 
TDCl01685AX 3 EXT-Tc= -55°C to 125°C High Reliability 40 Pin CERDIP 101685AX 

TDC1016B7CX STD-TA =0°C to 70°C Commercial 24 Pin CERDIP 101687CX 
TDC101687AX 3 EXT-Tc= -55°C to 125°C High Reliability 24 Pin CERDIP 101687AX 

Notes: 1. Per TRW document 70201757. 

2. "X" in part and mark number indicates grade. The TDC1016 devices are available in three grades. Grade "8" is for B·bit linearity, grade "9" for 
9·bit linearity, and grade "10" for 10-bit linearity. 

3. The TDC1016 with A screening is available in 8 or 9-bit linearity only. 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 
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Digital-to-Analog Converter 
8-Bit, 200MHz 

The TDC1018 is an 8-bit digital-to-analog converter, 
designed for 200MHz operation and capable of directly 
driving a 75 Ohm iuad lu SldllUclld video levels. Most 
applications require no extra registering, buffering, or 
deglitching. Four special level controls make the device 
ideal for video applications. All data and control inputs 
are ECL compatible. 

The TDC1018 is built with TRW's OMICRON-B™ 
1-micron bipolar process. On-chip data registers and 
precise matching of propagation delays make the 
TDC1018 inherently low-glitching. The TDC1018 offers 
high performance, low power consumption. and video 
compatibility in a 24 pin DIP or a 28 contact chip 
carrier. 

Features 
• Monolithic "Graphics-Ready" 
• 125MHz Digital Update Rate, TDC1018 
• 200MHz Digital Update Rate, TDC1018-1 
• 8-Bit Resolution 

Functional Block Diagram 

II~·· 

• 1 /2 LSB Linearity 
• Registered Data And Video Controls 
• Complementary Current Outputs 
• Video Controls: SYNC, BLANK, BRighT. Force High 
• Inherently Low Glitch Energy 
• ECL Compatible Inputs 
• Multiplying Mode Capability 
• Can Be Operated In TIL Systems 
• Available In A 24 Pin DIP And 28 Contact Chip 

Carrier 
• Single - 5.2V Power Supply 

Applications 
• RGB Graphics 
• High Resolution Video 
• Raster Graphic Displays 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

------------~~~~-~---. 

8 

FH, BLANK 
BRT, ~+----r-........_. 

SYNC 4 

CONY, CONY 

FT 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

CONTROL --" 
LOGIC 
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r:CU:::R::RE::NT:--1~-'-'"-+ OUT+ 

L..:SW:::l~TC::;:HE=S...J--'I'~ OUT-
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Pin Assignments 

D5 1 IQ] Z4 D4 
D5 z Z3 D3 
D1 3 22 Dz 
Du 4 Z1 D1 

VEED 5 zo VEEA 
CONV 6 19 OUT+ 
CONV 7 1U OUT-

FT u 17 AGND 
Do ND 9 16 COMP 

FH 10 15 REF+ 
BLANK 11 p 14 REF-

BRT 1Z ~ 13 SYNC 

24 Pin CERDIP - B7 Package 

Functional Description 

General Information 

The TDC1018 develops complementary analog output 
currents proportional to the product of the digital input 
data and analog reference current. All data and control 
inputs are compatible with standard ECL logic levels. 
FeedThrough control (FT) determines whether data and 
control inputs are synchronous or asynchronous. If FT is 
LOW, each rising edge of the CONVert clock (CONV) 
latches decoded data and control values into an internal 
D-type register. The registered values are then converted 
into the appropriate analog output by switched current 
sinks. When FT is HIGH, data and control inputs are not 
registered, and the analog output asynchronously tracks 
the input values. FT is the only asynchronous input, and 
is normally used as a DC control. 

The TDC1018 uses a segmented approach in which the 
four MSBs of the input data are decoded into a parallel 
"Thermometer" code, which drives fifteen identical 
current sinks to produce sixteen coarse output levels. 
The LSBs of the input drive four binary-weighted current 
switches, with a total contribution of one-sixteenth of 
full-scale. The LSB and MSB currents are summed to 
provide 256 analog output levels. 
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ci"li :±ii!~ i!!!il 
> ::i ::i Cll Cl 

Cl Cl ct c..'I 

~ ~ f:J ~ N ~ ~ 

Dz Z6 1U NC 

DJ V 17 IREF+ 

D4 ZU 16 IREF-

D5 1 15 SYNC 
14 BRIGHT 

D5 z 
13 BLANK Di 3 
12 FH 

Du 4 

Lnccr...oocnS::: 

Cl> I> Cl ... z z z 
c..'I ... c::i Cl ti: Cllc..'I Z>t.'lt.'I CIZ 

28 Contact Chip Carrier - C3 Package 

Special control inputs, SYNC, BLANK, Force High (FH) 
and BRighT (BRT), drive appropriately weighted current 
sinks which add to the output current to produce specific 
output levels especially useful in video applications. 

Power 

To provide highest noise immunity, the TDC1018 operates 
from separate analog and digital power supplies, VEEA 
and VErn. respectively. Since the required voltage for 
both VEEA and VEED is - 5.2V, these may ultimately be 
connected to the same power source, but individual 
high-frequency decoupling for each supply is recom­
mended. A typical decoupling network is shown in 
Figure 7. The return for IEED· the current drawn from 
the VEEo supply, is DGND The return for IEEA is AGND 
All power and ground pins MUST be connected. 

Although the TDC1018 is specified for a nominal supply 
of - 5.2V, operation from a + 5.0V supply is possible 
provided that the relative polarities of all voltages are 
maintained. 

For additional information concerning the use of ECL DIA 
converters in a + 5V system, refer to TRW Application 
Note TP-33 "Using the TDC1018 and TDC1034 in a 
TTL Environment." 

TRW LSI Products Inc. 
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Reference 

The TDC1018 has two reference inputs: REF+ and 
REF-, which are noninverting and inverting inputs of an 
internal reference buffer amplifier. The output of this 
operational amplifier serves as a reference for the 
current sinks. The feedback loop is internally connected 
around one of the current sinks to achieve high accuracy 
!see Figure 4 ). 

The analog output currents are proportional to the digital 
data and reference current, IRff The full-scale output 
value may be adjusted over a limited range by varying 
the reference current. Accordingly, the stability of the 
analog output depends primarily upon the stability of the 
reference. A method of achieving a stable reference is 
shown in Figure 7. 

The reference current is fed into the REF+ input, while 
REF- is typically connected to a negative reference 
voltage through a resistor chosen to minimize input offset 
bias current effects. 

A COMPensation input !COMP), is provided for external 
compensation of the TDC101 B's reference amplifier. A 
capacitor ICcl should be connected between COMP and 
the VEEA supply, keeping lead lengths as short as 
possible. The value of the compensation capacitor deter­
mines the effective bandwidth of the amplifier. In 
general, decreasing Cc increases bandwidth and 
decreases amplifier stability. For applications in which the 
reference is constant, Cc should be large, while smaller 
values of Cc may be chosen if dynamic modulation of 
the reference is required. 

Controls 

The TDC1018 has four special video control inputs: 
SYNC, BLANK, Force High IFH), and BRighT IBRT), in 
addition to a clock FeedThrough control IFT). All controls 
are standard ECL level compatible, and include internal 
pulldown resistors to force unused controls to a logic 
LOW !inactive) state. 

Typically the TDC1018 is operated in the synchronous 
mode, which assures the highest conversion rate and 
lowest spurious output noise. By asserting FT, the input 
registers are disabled, allowing data and control changes 
to asynchronously feed-through to the analog output. 

TRW LSI Products Inc. 

Propagation delay from input change !control or data) to 
analog output is minimized in the asynchronous mode of 
operation. 

In the synchronous mode, the video control inputs are 
registered by the rising edge of the CONV clock in a 
manner similar to the data inputs. The controls, like data, 
must be present at the inputs for a setup time of ts Ins) 
before, and a hold time of tH Ins) after the rising edge 
of CONV in order to be registered. In the asynchronous 
mode, the setup and hold times are irrelevant and 
minimum pulse widths HIGH and LOW become the 
limiting factor. 

Asserting the video controls produces various output 
levels which are used for frame synchronization, 
horizontal blanking, etc, as described in video system 
standards such as RS-170 and RS-343A. The effect of 
the video controls on the analog outputs is shown in 
Table 1. Special internal logic governs the interaction of 
these controls to simplify their use in video applications 
BLANK, SYNC, and Force High override the data inputs. 
SYNC overrides all other inputs, and produces full 
negative video output. Force High drives the internal 
digital data to full-scale, giving a reference white video 
level output. The BRT control creates a "whiter than 
white" level by adding 10% of the full-scale value to the 
present output level, and is especially useful in graphics 
displays for highlighting cursors, warning messages, or 
menus. For non-video applications, the special controls 
can be left unconnected. 

Data Inputs 

Data inputs to the TDC1018 are standard single-ended 
ECL level compatible. Internal pulldown resistors force 
unconnected data inputs to logic LOW. Input registers are 
provided for synchronous data entry and lowest 
differential data propagation delay !skew), which 
minimizes glitching. 

In the registered mode, valid data must be present at 
the input a setup time ts Ins) before, and a hold time tH 
Ins) after the rising edge of CONV. When FT is HIGH, 
data input is asynchronous and the input registers are 
disabled. In this case the analog output changes 
asynchronously in direct response to the input data. 
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Convert 

CONVert (CONV) is a differential ECL compatible clock 
input whose rising edge synchronizes data and control 
entry into the TDC1018. Within the constraints shown in 
Figure 2, the actual switching threshold of CONV is 
determined by CONV. CONV may be driven single-ended 
by connecting CONV to a suitable bias voltage (Vss). 
The bias voltage chosen will determine the switching 
threshold of CONV. However, for best performance, 
CONV must be driven differentially. This will minimize 
clock noise and power supply/output intermodulation. 
Both clock inputs must normally be connected, with 
CONV being the complement of CONV. 

Package Interconnections 

Signal Signal 
Type Name Function 

Power VEEA Analog Supply Voltage 

VEED Digital Supply Voltage 

AGND Analog Ground 

DGND Digital Ground 

Reference REF- Reference Current- Input 

REF+ Reference Current+ Input 

COMP COMPensation Input 

Controls FT Register FeedThrough Control 

FH Data Force High Control 

BLANK Video BLANK Input 

BRT Video BRighT Input 

SYNC Video SYNC Input 

Data Inputs D1 Data Bit 1 (MSB) 

D2 

D3 

D4 

D5 

D5 

D1 

D8 Data Bit 8 (LSB) 

Convert CONV CONVert Clock Input 

CONV CONVert Clock Input, Complement 

Analog Outputs OUT - Output Current-

OUT+ Output Current+ 
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Analog Outputs 

The two analog outputs of the TDC1018 are high­
impedance complementary current sinks which vary in 
proportion to the input data, controls, and reference 
current values. The outputs are capable of directly driving 
a dual 75 Ohm load to standard video levels. The output 
voltage will be the product of the output current and 
effective load impedance, and will usually be between 
OV and -1.07V in the standard configuration (see Figure 
5). In this case, the OUT- output gives a DC shifted 
video output with "sync down." The corresponding 
output from OUT+ is also DC shifted and inverted, or 
"sync up." 

Value 87 Package Pins CJ Package Pins 

-5.2V 2a 23 

-5.2V 5 6 

a.av 17 2a 

a.av 9 1a 

Op-Amp Virtual Ground 14 16 

Op-Amp Virtual Ground 15 17 

Cc 16 19 

EGL 8 9 

EGL 1a 12 

EGL 11 13 

EGL 12 14 

EGL 13 15 

EGL 21 25 

ECL 22 26 

ECL 23 27 

EGL 24 28 

EGL 1 1 

EGL 2 2 

EGL 3 3 

EGL 4 4 

EGL 6 7 

EGL 7 8 

Current Sink 18 21 

Current Sink 19 22 
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Figure 1. Timing Diagram 

DY 

-1.JY 
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Figure 2. CONVert. CONVert Switching Levels 
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Figure 4. Equivalent Output Circuit 
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Absolute maximum ratings !beyond which the device may be damaged! 1 

Supply Vohages 

VEED (measured to DGNDl ........................................................................................................................................................................................... -7.0 to 0.5V 

VEEA (measured to AGND) ........................................................................................................................................................................................... -7.0 to 0.5V 

AGND (measured to DGNol .......................................................................................................................................................................................... -0.5 to 0.5V 

Input Voltages 

CONV, Data, and Controls (measured to DGND) ..................................................................................................................................................... Vern to 0.5V 

~eterence input, applied voltage !measured to AGND) 2 

REF+ ............................................................................................................................................... , .......................................................................... VEEA to 0.5V 

Refe~:::e :~;:;: .. ~~~;;~~ .. ~~;;~~;: .. ~~~~~;l~ .. ~;~~·3.~ .............................................................................................................................................. VEEA to 0.5V ~ 
REF+ ...................................................................................................................................................................................................................................... 6.0mA 

REF- ...................................................................................................................................................................................................................................... 0.5mA 

Output 

Analog output, applied voltage (measured to AGND) 

OUT+ ...................................................................................................................................................................................................................... -2.0 to +2.0V 

OUT- ...................................................................................................................................................................................................................... -2.0 to +2.0V 

Analog output, applied current, externally forced 3,4 

OUT+ ...................................................................................................................................................................................................................................... 50mA 

OUT- ...................................................................................................................................................................................................................................... 50mA 

Short circuit duration .................................................................................................................................................................................................... Unlimited sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -60 to + 140°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering (10 seconds) .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -60 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 
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TDCl018 -~·-· .. , .. 
Operating conditions 

Temperatli'e Range 
Standard 

Parameter Min Nom Max Units 

VEED Dig~al Supply Voltage !measured to DGNol ~4.9 -5.2 -5.5 v 
VEEA Analog Supply Voltage !measured to ~Nol -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage (measured to DGNDI -0.1 0.0 +0.1 v 
VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 v 

VtCM CDNV Input Voltage, Common Mode Range !Figure 21 -0.5 -2.5 v 
VtDF CDNV Input Voltage, Differential !Figure 2l 0.4 1.2 v 

'PWL CDNV Pulse Width, LOW 4 ns 

1PWH CDNV Pulse Width, HIGH 4 ns 

ts Setup Time, Data and Controls 3.5 ns 

tH Hold Time, Data and Controls 0 ns 

VIL Input Voltage, Logic LOW -1.49 v 
VtH Input Voltage, Logic HIGH -1.045 v 

IREF Reference Current Video standard output levels 1 1.059 1.115 1.171 mA 
8-bit linearity 1.0 1.3 mA 

Cc Compensation Capac~or 2000 3900 pF 

TA Ambient Temperature, Still Air 0 70 •c 

Note: 
1. Minimum and Maximum values allowed by ±5% varia1ion given in RS343A and RS170 after initial gain correction of device. 

Electrical characteristics within specified operating conditions 

T ernperatll'e Range 
Standard 

Parameter Test Conditions Min Max Units 

IEEA+IEED Supply Current VEEA • VEED - MAX, static 1 

TA - o•c 10 10°c 170 mA 

TA = 10°c 130 mA 

CREF Equivalent Input Capacitance, REF+, REF- 5 pF 

c, Input Capac~nce, Data and Controls 5 pF 

Vw Compliance Voltage, + Output -1.2 +1.5 v 
VocN Compliance Voltage, - Output -1.2 +1.5 v 

Ro Equivalent Output Resistance 20 KDhms 

Co Equivalent Output Capacitance 20 pF 

'oP Max Current, + Output VEEA = NOM, SYNC - BLANK - 0, FH = BRT = 1 30 mA 

10N Max Current, - Output VEEA = NOM, SYNC - 1 30 mA 

l1L Input Current, Logic LOW, Data and Controls VEED - MAX, Vt = -1.49V 200 µA 

ltH Input Current, Logic HIGH, Data and Controls VEED " MAX, Vt - -1.045V 200 µA 

'1c Input Current, Convert VEED - MAX, -1.49V<Vt< -1.045V 50 µA 

Note: 
1. Worst case over all data and control states. 
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Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Fs Maximum Data Rate VEEA· VEED • MIN 
TDC1018 125 MSPS 

TDC1018-1 200 MSPS 

1osc Clock to Output Oelav, Clocked Mode VEEA· VErn = MIN, FT = 0 8 ns 

'osT Data to Output Delay, Transparent Mode VEEA, VEED - MIN, FT • 1 13 ns 

1s1 Current Settling Time, Clocked Mode VEEA• VEED = MIN, FT = 0 
0.2% 10 ns 

0.8% 8 ns 

3.2% 5 ns 

1RI Risetime, Current 10% to 90% of Gray Scale 1.7 ns 

System performance characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

Eu Linearity Error Integral, Terminal Based VEEA• VEED, IREF = NOM 0.2 % of Gray Scale 

ELD Linearity Error Differential VEEA, VEED, IREF = NOM 0.2 % of Gray Scale 

loF Output Offset Current VEEA• VEED = MAX, SYNC = BLANK = 0, FH = BAT = 1 10 µA 

EG Absolute Gain Error VEEA, VEED = MIN, IREF = NOM ±5 % of Gray Scale 

TCG Gain Error Tempco ±0.024 % of Gray Scale/°C 

BWR Reference Bandwidth, -3dB Cc - MIN, t. VREF - lmV p-p 1 MHz 

DP Differential Phase 4 x NTSC 1.0 Degrees 

OG Differential Gain 4 x NTSC 2.0 % 

PSRR Power Supply Rejection Ratio VEEA· VEED, IREF = NOM 1 45 dB 

VEEA, VEED, IREF = NOM 2 55 dB 

PSS Power Supply Sensitivity VEEA, VEED, IREF = NOM 120 µA/V 

Ge Peak Glitch Charge Registered Mode 3.4 800 !Coulomb 

G1 Peak Glitch Current Registered Mode 1.2 mA 

GE Peak Glitch "Energy" !Area) Registered Mode 4 30 pV-Sec 

FTc Feedthrough Clock Data = Constant 5 -50 dB 

FTo Feedthrough Data Clock = Constant 5 -50 dB 

Notes: 
1. 20KHz, ±D.3V ripple superimposed on VEEA· VEED; dB relative to full gray scale. 

2. 60Hz, ±0.3V ripple superimposed on VEEA· VEED; dB relative to full gray scale, 

3. !Coulombs = microamps x nanoseconds 

4. 37.5 Q load. Because glitches tend to be symmetric, average glitch area approaches zero. 

5. dB relative to full gray scale, 250MHz bandwidth limit. 
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Table 1 Video Control Truth Table 

Sync Blank Force High Bright Data Input Out- lmA)l Out- 1v12 Out- (IRE)3 Description 4 

1 x x x x 28.57 -1.071 -40 Sync Level 

0 1 x x x 20.83 -0.781 0 Blank Level 

0 0 1 1 x 0.00 0.00 110 Enhanced High Level 

0 0 1 0 x 1.95 -0.073 100 Normal High level 

0 0 0 0 000 ... 19.40 -0.728 7.5 Normal Low Level 

0 0 0 0 111... 1.95 -0.073 100 Normal High Level 

0 0 0 1 000 ... 17.44 -0.654 17.5 Enhanced Low Level 

0 0 0 1 111... 0.00 0.00 110 Enhanced High Level 

Notes: 
1. Out+ is complementary to Out - . Current is specified· as conventional current when flowing into the device. 

· 2. Voltage produced when driving the standard load configuration 137.5 Ohmsl. See Figure 5. 

3. 140 IRE units ~ 1.00V. 

4. RS-343-A tolerance on all control values is assumed. 

Figure 6. Video Output Waveforms for Out- and Out+ 'with Standard Load Configuration 
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Figure 7. Typical Interface Circuit Parts List 
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Integrated Circuits 

U1 TDC1018 D/A Converter 

Voltage References 

VR1 LM113 or LM313 Bandgap Reference 
lv1iiEa ___ -, 
I MONITOR I 
1 1 Inductors 

=--~--+--,Cfv1~~~~-
1 1 L1 Ferrite Bead Shield Inductor 

: "' "'' I Fair-Rite P/N 2743001112 or Similar 
I I 
I IR . L ____ J es1stors 

VEEA 

··5.2V VEED 
OUT+ 

J_C1 OUT-;;; TRW 
TOC1018 

U1 
CON Vert CONV AGNO 
CONVert CONV COMP 

FT 
~~~~~~~~~~~~~~~~ 

DGND 

REF+ T = ECL TERMINATION Rl 1Kn Pot 10 Turn 

FH 

·~ { BLANK 
REF-

CONTROLS SYNC 
(ECU BRT 

R2 1.00Kr! 1/SW 1 % Metal Film 

R3 2.00KO 1/SW 1 % Metal Film 

R4 1.00KO 1/SW 1 % Metal Film 

-5.2\1 

Capacitors 

C1-C3 O.lµF 50V Ceramic Disc 

Cc O.OlµF 50V Ceramic Disc 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1018B7C STD-TA=0°C to 10°c Commercial 24 Pin CERDIP 1018B7C 

TDC1018B7C1 STD-TA=0°C to 70°C Commercial 24 Pin CERDIP 1018B7C1 

TDC1018C3C STD-TA= 0°C to 70°C Commercial 28 Contact Chip Carrier 1018C3C 

TDC1018C3C1 STD-TA =0°C to 70°C Commercial 28 Contact Chip Carrier 1018C3C1 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1034 

Digital-to-Analog Converter 
4-Bit, 200MHz 

The TRW TDC1034 is a 4-bit D/A converter, designed 
for 200MHz operation and is capable of directly driving a 
75 Ohm ioad to standard video ieveis. Most appiications 
require no extra registering, buffering, or deglitching. 
Three special level controls make the device ideal for 
video applications. All data and control inputs are ECL 
compatible. 

The TDC1034 is built with TRW's OMICRON-B™ 
1-micron bipolar process. On-chip data registers and 
precise matching of propagation delays insure low glitch 
energy. The TDC1034 offers high performance, low 
power consumption, and video compatibility in an 18 pin 
CERDIP package. 

Features 
• "Graphics-Ready" 
• 200MHz Conversion Rate 
• 1 /8 LSB Linearity 

Functional Block Diagram 

D1-4 

4 

BLANK, 
BRT, 
SYNC 

CONV, CONV 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

CDNTRDL 
LOGIC 

II~·· 

• Power Supply Noise Rejection >50dB 
• Registered Data And Video Controls 
• Differential Current Outputs 
• Video Controls: SYNC, BLANK, BRighT 
• Low Glitch Energy 
• ECL Compatible, Can Be Used In TTL Systems 
• Low Power Dissipation 
• Available In An 18 Pin CERDIP Package 
• Single - 5.2V Power Supply 

Applications 
• CAD/CAM Workstations 
• RGB Graphics 
• Raster Scan Displays 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

CURRENT DUT+ 

SWITCHES OUT-

REFERENCE 
CURRENT 
SOURCE 

REF+ REF- COMP 
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Pin Assignments 

03 1 18 ~ 
ILSBI 04 2 17 01 IMSBI 

VEEO 3 16 VEEA 
CONV 4 15 OUT+ 
CONV 5 14 OUT -

Vcco & 13 VcCA 
BLANK 7 12 COMP 

BRT ~B 11 REF+ 
SYNC 9 10 REF-

~--

18 Pin CERDIP - BB Package 

Functional Description 

General Information 

The TDC1034 develops complementary analog output 
currents proportional to the product of the digital input 
data and analog reference current. All data and control 
inputs are compatible with standard EGL logic levels. 
Each rising edge of the CONVert clock (CONVI latc_hes 
data and control values into an internal 0-type register. 
The registered values are then converted into an analog 
output by switched current sinks. 

The TDC1034 uses a segmented circuit design scheme in 
which the input data is decoded into a parallel 
"Thermometer" code, which drives fifteen identical 
current sinks to produce sixteen output levels. 

Special control inputs, SYNC, BLANK and BRighT (BRTI. 
drive appropriately weighted current sinks which add to 
the output current to produce specific output levels 
especially useful in video applications. · 

Power 

To provide highest noise immunity, the rnqo_34 operates 
from separate analog and digital power supplies, VEEA 
and VErn. respectively. Since the required volt~ge for 
both VEEA and VEED is - 5.2V, these may ultimately be 
connected to the same power source, but high-frequency 
decoupling for each supply is recommended. A typical 
decoupling network is shown in Figure 7. The return for 
IEED· the current drawn from the VEED supply, is Vcco. 
The return for IEEA is VccA All VEE and Vee pins 
MUST be connected. 
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Although the TDC1034 is specified for a n?minal _supply 
of - 5.2V, operation from a + 5.0V supply 1s possible 
provided that the relative pol~~ities _of all vo_ltages are 
correctly maintaine~. For add1t1onal informa~1on 
concerning the use of EGL D/A converters in a + 5V 
system, refer to TRW Application Note TP-33 "Using 
the TDC1018 and TDC1034 in a TTL Environment." 

Reference 

The TDC1034 has two reference inputs: REF+ and 
REF- which are noninverting and inverting inputs to an 
intern~I reference buffer amplifier. Ttie output of this 
operational amplifier serves as a reference for the 
current sinks. The feedback loop is internally connected 
around one of the current sinks to achieve high accuracy 
(see Figure 41. 

The analog output currents are proportional to the digital 
data and reference current, IREF· The full-scale out~ut 
value may be adjusted over a limited range __ by varying 
the reference current. Accordingly, the stability of the 
analog output depends primarily upon the stability of_ the 
reference. A method of achieving a stable reference 1s · 
shown in Figure 7. 

The reference current flows into the REF+ input while 
REF- is typically connected to a negative reference 
voltage through a resistor chosen to minimize input offset 
current effects. 

A COMPerisation input (COMPI. is provided for external 
compensation of the TDC1034's reference amplifier. A 
capacitor (Gel should be connected between COMP and 
the VEEA supply, keeping lead lengths as shor~ as 
possible. The value of the compensation capac1t_o_r 
determines the effective bandwidth of the amplifier. In 
general, decreasing Cc increases ba~dw!dth ?nd . 
decreases amplifier stability. For applications in which the 
reference is constant, Cc should be large, while smaller 
values of Cc may be chosen when dynamic modulation 
of the reference is required. 

Controls 

The TDC1034 has three special video control inputs: 
SYNC, BLANK and BRighT (BRTI. All controls are 
standard ECL level compatible, and include internal 
pulldown resistors to force unused controls to a logic 
LOW (inactivel state. 
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Controls (cont.) 

The video control inputs are registered by the rising edge 
of the CONV clock in a manner similar to the data 
i~puts. These inputs, like data, must be valid for a setup 
time of ts before, and a hold time of tH after the rising 
edge of CONV in order to be registered. 

Asserting. the video controls produces various output 
!ev~ls which are used for frame synchronization, 
nor1zontai bianking, eic., as described in video sysiem 
standards such as RS-170 and RS-343A. The effect of 
the video controls on the analog outputs is shown in 
Table 1. Internal logic governs the interaction of these 
controls to simplify their use in video applications. 
BLANK and SYNC override the data inputs. SYNC 
overrides all other inputs, and produces full-scale output. 
The BRT control creates a "whiter than white" level by 
adding 10 % of th~ full-scale value to the present output 
l~vel •. an~ 1s especially useful in graphics display for 
h1ghlight1ng cursors, warning messages, or menus. For 
non-video applications, these controls may be left 
unconnected. 

Data Inputs 

Data inputs _to the TDC1034 are standard single-ended 
ECL compatible. Internal pulldown resistors force 
unconnected data inputs to logic LOW. Input registers are 
provided for synchronous data entry and lowest 
differential data propagation delay (skew), which 
minimizes glitching. 

TRW LSI Products Inc. 

Valid data must be ~resent at the input a setup time ts 
before, and a hold time tH after the rising edge of 
CONV. 

Convert 

CONVert (CONVI is a differential ECL compatible clock 
input whose rising edge synchronizes data and control 
entry into the TDC1034. Within the constraints shown in 
Figure 2, the actual switching threshold of CONV is 
determined_ by CONV. CONV may be driven single-ended 
by co~necting CONV to a suitable bias voltage (VBBl­
The bias voltage chosen will determine the switching 
threshold of CONV. However, for best performance, 
CONV must be driven differentially. This will minimize 
clock noise and power supply/output intermodulation. 
Both clock inputs must normally be connected. 

Analog Outputs 

}he two analog outputs of the TDC1034 are high 
impedance complementary current sinks which vary in 
proportion to the input data, controls, and reference 
current values. The outputs are capable of directly driving 
dual 75. Ohm loads to standard video levels. The output 
voltage 1s the product of the output current and effective 
load impedance, and is usually between OV and -1.07V 
in the standard configuration (see Figure 51. In this 
case, the OUT- output gives a DC shifted video output 
~ith "sync d~wn:· The corresponding output from OUT+ 
1s also DC shifted and inverted, or "sync up:' 
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Package Interconnections 

Signal Signal 
Type Name Function Value BB Package Pins 

Power VEEA Analog Supply Voltage -5.2V 16 

VEED Digital Supply Voltage -5.2V 3 

VccA Analog Supply Voltage 0.0V 13 

VccD Digital Supply Voltage O.OV 6 

Reference REF- Reference Current- Input Op-Amp Virtual Ground 10 

REF+ Reference Current+ Input Op-Amp Virtual Ground 11 

COMP COMPensation Input Cc 12 

Controls BLANK Video BLANK Input ECL 7 

BRT Video BRighT Input ECL 8 

SYNC Video SYNC Input ECL 9 

Data Inputs D1 Data Bit 1 IMSB) ECL 17 

D2 ECL 18 

D3 ECL 1 

D4 Data Bit 4 ILSB) ECL 2 

Convert CONV CONVert Clock Input ECL 4 

CONV CONVert Clock Input, Complement ECL 5 

Analog Outputs OUT- Output Current- See Text 14 

OUT+ Output Current+ See Text 15 

Figure 1. Timing Diagram 

ov 

-1.JV 
CONV 
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Figure 2. CONV, CONV Switching Levels 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Vohages 
VEED (measured to Vccol ............................................................................................................................................................................................... -7.0 to 0.5V 

VEEA (measured to VccAI ............................................................................................................................................................................................. -7.0 to 0.5V 

VEEA (measured to VErnl ............................................................................................................................................................................................. -0.5 to 0.5V 

VccA (measured to Vccal ............................................................................................................................................................................................ -0.5 to 0.5V 

Input Voltages 

CDNV, Data, and Controls (measured to V ecol ....................................................................................................................................................... V EEO to 0.5V 

Reference inpu~ applied voltage !measured to V cci 
REF+ .......................................................................................................................................................................................................................... VEEA to 0.5V '=-
REF- .......................................................................................................................................................................................................................... VEEA to 0.5V \iillll 

Reference input applied current externally forced3·4 

REF+ ....................................................................................................................................................................................................................................... 6.0mA 

REF- ....................................................................................................................................................................................................................................... 0.5mA 

Output 

Analog outp~ applied voltage (measured to VccAI 
OUT+ ...................................................................................................................................................................................................................... -2.0 to +2.0V 

OUT- ...................................................................................................................................................................................................................... -2.0 to +2.0V 

Analog output applied current externally forced3,4 

OUT+ ....................................................................................................................................................................................................................................... 50mA 

OUT- ....................................................................................................................................................................................................................................... 50mA 

Short circuit duration ..................................................................................................................................................................................................... Unlimited sec 

Temperature 

Operating, ambient ................................................................................................................................................................................................... -60 to + 140°C 

junction ................................................................................................................................................................................................................... + 175°C 

lead, soldering 110 seconds) ................................................................................................................................................................................................... +300°C 

Storage ......................................................................................................................................................................................................................... -60 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current 1s specified as conventional current when flowing into the device. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Nom Max Units 

VEED Digital Supply Voltage (measured to V ecol -4.75 -5.2 -5.5 v 
VEEA Analog Supply Voltage (measured to V CCA) -4.75 -5.2 -5.5 v 

V ccr V CCD Supply Voltage Differential -0.1 0.0 ~0.1 v 
VEEr VEED Supply Voltage Differential -0.1 0.0 +0.1 v 

VICM CDNV Input Voltage, Common Mode Range (Figure 2) -0.5 -2.5 v 
VIDF CONV Input Voltage, Differential (Figure 2) 0.3 1.2 v 

tpwL CONV Pulse Width, LOW 4 ns 

tpwH CONV Pulse Width, HIGH 4 ns 

ts Setup Time, Data and Controls 4.0 ns 

tH Hold Time, Data and Controls 0 ns 

V1L Input Voltage, Logic LOW -1.49 v 
VIH Input Voltage, Logic HIGH -1.045 v 
1REF Reference Current 

Video standard output levels 1 1.10 1.17 1.24 mA 
6-bit linearity 1.0 1.3 mA 

Cc Compensation Capacitor 1000 2700 pF 

TA Ambient Temperature, Still Air 0 70 oc 

Note: 1. Minimum and Maximum values allowed by ±5% variation given in RS343A and RS170 after intitial gain correction of device. 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

IEEA+IEED Supply Current VEEA = VEED = Max, static I 
TA = 0°C to 70°C -145 mA 

TA = 10°c -130 mA 

CREF Equivalent Input Capacitance, REF+. REF- 5 pF 

C1 Input Capacitance, Data and Controls 5 pF 

VocP Compliance Voltage, + Output -1.2 + 1.5 v 
VocN Compliance Voltage, - Output -1.2 + 1.5 v 

Ro Equivalent Output Resistance 50 K 

Co Equivalent Output Capacitance 20 pF 

lop Max Current, + Output VEEA = Norn, SYNC = BLANK = 0, BRT = 1 30 mA 

loN Max Current, Output VEEA = Norn, SYNC = 1 30 mA 

Ill Input Current. Logic LOW, Data and Controls VEED = Max, V1 = -1.49V 200 µA 

l1H Input Current, Logic HIGH, Data and Controls VEED = Max, V1 = -1.045V 200 µA 

'1c Input Current, Convert VEED = Max, -2.5 < v1 < -0.5 50 µA 

Note: 
1. Worst case over all data and control states. 
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Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

F5 Maximum Data Rate VEEA• VEED - Min 200 MSPS 

1osc Clock to Output Delay VEEA, VEED • Min 8 ns 

1SI Current Settling Time, Clocked Mode VEEA, VEED - Min, 3.2% 5 ns 

1RI Rise Time, Current 10% to 90% of Gray Scale 2.0 ns 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Eu Linearity Error Integral, Terminal Based VEEA, VEED• IREF • Norn 0.8 % of Gray Scale 

ELD Linearity Error Differential VEEA, VEEQ. IREF - Norn 0.8 % of Gray Scale 

loF Output Offset Current VEEA• VEED - Max, SYNC - BLANK • 0, BRT = 1 10 µA 

EG Absolute Gain Error VEEA• VEED - Min 6 % of Gray Scale 

TCG Gain Error Tempco IREF • Norn O.Dl % of Gray Scale/°C 

BWR Reference Bandwidth, -3dB Cc = Min, VREF • linV p-p 1 MHz 

PSRR Power Supply Rejection Ratio VEEA• VEED• IREF • Norn 1 45 dB 

VEEA• VEED• IREF - Nomz 46 dB 

PSS Power Supply Sensitivity VEEA• VEED• IREF = Norn 120 µAN 

Ge Peak Gin ch Charge 3,4 800 !Coulomb 

G1 Peak Glnch Current 1.2 mA 

GE Peak Glnch "Energy" (Areal 4 30 pV-Sec 

FTc Feedthrough Clock 5 Data • Constant BW = 250MHz -36 dB 

BW = 50MHz -50 dB 

FT a Feedthrough Data 5 CDNV = Constant BW - 250MHz -42 dB 

BW = 50MHz -50 dB 

Notes: 
1. 20KHz, 0.75V p-p ripple superimposed on VEEA• VEED; dB relative to full gray scale. 

2. BOHz, 0.75V p-p ripple superimposed on VEEA• VEED; dB relative 10 full gray scale. 

3. fCoulombs = microamps x nanoseconds. 

4. 37.5 n load. Because glitches tend to be symmetric, average glitch energy approaches zero. 

5. dB relative 10 full gray scale. 
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Table 1 Video Control Truth Table 

Sync Blank Bright Data Input Out- (mA)1 Out- (V)2 Out- (IRE)3 

1 x x x 28.57 -1.071 -40 

0 1 x x 20.83 -0.781 0 

0 0 0 0000 19.40 -0.728 7.5 

0 0 0 1111 1.95 -0.073 100 

0 0 1 0000 17.44 -0.654 7.5 

0 0 1 1111 0.00 0.00 110 

Notes: 
1. Out+ is complementary to Out-. Current is specified as conventional current when flowing into the device. 

2. Voltage produced when driving the standard load configuration 137.5 Ohms to VccAI. See Figure 5. 

3. 140 IRE units ~ 1.00V 

4. RS-343-A tolerance on all control values is assumed. 

Figure 6. Video Output Waveform for Out- and Standard Load Configuration 
IRE mV 1 
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Note: 1. Output voltage is measured with standard load connected between Out- and VccA· 

Figure 7. Typical Interface Circuit 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1034BBC STD-TA =0°C to 70°C Commercial 18 Pin CERDIP 1034BBC 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
c:11rh 11~P .::inrl inrlPmnifiP.~ TRW I ~I Prnrlurt!': lnr ::io;;iin~ ::ill rl::imrigA~ 
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TDC1041 --~·-· ...... 
TDC1041 Monolithic Digital To Analog Converter 
10 Bit, 20Msps, 12ns Settling Time 

The TDC1041 is a TTL compatible, 10-bit monolithic D/A 
converter capable of converting digital data into an analog 
current or voltage at data rates in excess of 20 Mega­
samples-per second (Msps). 

The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50Q load with a 1 Volt output level while 
maintaining low harmonic distortion. 

Data registers are incorporated on the TDC1041. This 
eliminates data skew encountered with external registers 
and latches and minimizes the glitches that can adversely 
affect many applications. 

Interface Diagram 

Features 

• 10-Bit Resolution 

• 20 Msps Data Rate ~ 

• TTL Inputs ~ 
• Very Low-Glitch With No Track And Hold Circuit Needed 
• Dual +4dBm (1V Into 50Q) Outputs Make Output 

Amplifiers Unnecessary In Many Applications 

Applications 

• Test Signal Generation 
• Arbitrary Waveform Synthesis 
• Broadcast And Studio Video 
• High-Resolution A/D Converters 
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Functional Block Diagram 
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Functional Description 

General Description 

OUT+ 

OUT· 

211376 

The TDC1041 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 

Power, Grounds 

28 Leaded Plastic Chip Carrier - R3 Package 

The TDC1041 requires a -5.2V power supply and a +5.0V 
power supply. The analog (VEEA) and digital (VEEO) supply 
voltages should be decoupled from each other, as shown in 
the Typical Interface Circuit. The Vee pin should be 
considered a digital power supply. The 0.1µF decoupling 
capacitors should be placed as close as possible to the 
power pins. The inductors are simple ferrite beads and are 
neither critical in value nor always required. 
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Reference and Compensation 

The TDC1041 has two reference inputs: REF+ and REF­
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
into the REF+ pin through an external current setting 
resistor (RREF). This current is the reference current (IREF) 
which serves as an internal reference for the current 
source array Thp, output current for an input code N from 
OUT+ is related to IREF through the following relationship: 

IREF 
IOUT=Nx -

16 

Where N is the value of the input code. 

This means that with an IREF that is nominally 625µA, the 
full-scale output is 40mA, which will drive a 50Q load in 
parallel with a 50Q transmission line (25Q total load) with 
a 1 V peak to peak signal. The impedance seen by the REF­
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. When 
driving a 75Q load, the reference current must be reduced. 
This can be done by increasing the value of the resistor 
from REF+ to ground. 

The internal reference amplifier is externally compensated 
to ensure stability. A 0.1 µF capacitor should be connected 
between the COMP pin and VEEA· 

Digital Inputs 

The data inputs are TTL compatible. One of the effects that 
leads to degradation of the dynamic performance of the 
device is the capacitive feedthrough from the digital inputs 
to the analog output of the device. One method of reducing 
the effect of capacitive coupling is to slow down the slew 
rates of the digital inputs. This can be done in many ways, 
starting with the selection of a logic family that is no faster 
than what is needed, and can include the addition of 50Q 
series resistors to the data lines. 

TRW LSI Products Inc. 

Clock and Feedthrough Control 

The TDC1041 requires a TTL clock signal (CONV). Data is 
synchronously entered on the rising edge of CONV. The 
CONV input is ignored in the Feedthrough (FT= HIGH) 
mode. The Feedthrough (FT) pin is normally held LOW, 
where the TDC1041 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull­
down resistor is provided, and this pin may be left open for 
clocked operation. 

For certain applications, such as high-precision successive '=­
approximation A/D converters, throughput delay may be ~ 
more important than glitch performance. In these cases, 
the FT pin may be brought HIGH, which makes the input 
registers transparent. This allows the analog output to 
change immediately and asynchronously in response to the 
digital inputs. 

Since skew in the bits of the input word will result in 
glitches, and will affect settling time, it is recommended 
that the TDC1041 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. OUT+ 
provides a 0 to -40mA output current (Oto -1V when 
terminated in 25Q) as the input code varies from 
00 0000 0000 to 11 1111 1111. OUT- varies in a 
complementary manner from -40 to OmA (-1 to OV when 
terminated with 25Q) over the same code range. (See the 
Input Coding Table.) The output current is proportional to 
the reference current and the input code. 

No Connect 

These pins have no internal connection and should be left 
open for optimal performance. · 
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Package Interconnections 

Signal Signal Function Value RJ Package 
Type Name Pins 

Power AGND Analog Ground o.ov 13 

DGND Digital Ground o.ov 17 

VEEA Analog Supply Voltage -5.2V 1 

VEED Digital Supply Voltage -5.2V 5 

VEED Digital Supply Voltage -5.2V 26 

Reference REF- Reference Voltage Input -1.0V 2 

REF+ Reference Current Input -625µA 3 

COMP Compensation Capacitor O. lµf, see text 4 

Data Inputs Dl (MSB) Most Significant Bit TTL 24 

Dz TTL 23 

D3 TTL 22 

D4 TTL 21 

D5 TTL 20 

D5 TTL 19 

D1 TTL 6 

D8 TTL 7 

D9 TTL 8 

D10 (LSB) Least Significant Bit TTL 9 

Feedthrough FT Feedthrough Mode Control TTL 28 

Convert CONV Convert (Clock) Input TTL 27 

Analog Output OUT+ Analog Output Oto 40mA 14 

OUT- Analog Output 40to OmA 15 

No Connect NC No Internal Connection Open 10, 11, 12, 16, 18,25 

Input Coding Tablel 

Input Data 

MSB LSB OUT+(mA) VouT+(mV) OUT-(mA) Vou1-(mV) 

00 0000 0000 0.000 0.00 40.000 -1000.00 

00 0000 0001 O.D39 --0.97 39.961 -998.05 

00 0000 0010 0.078 -1.95 39.922 -998.05 . . . . . . . . . . . . . . . 
0111111111 19.961 -499.03 20.000 -500.00 

1000 0000 00 20.000 -500.00 19.961 -499.03 . . . . . . . . . . . . . . . 
11111111 01 39.922 -998.05 0.078 -1.95 

1111111110 39.961 -999.03 0.039 -0.97 

1111111111 40.000 -1000.00 0.000 0.0 

Note 1. IREF = 625µA, RLOAO = 25Q 
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Figure 1. Timing Diagram 
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Figure 2. Equivalent Reference and Output Circuits 
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Figure 3. Simplified Reference and Output Circuits Figure 4. Output Test Load 
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Absolute maximum ratings (beyond which the device may be damaged)1 

80 

Supply Voltages 

Vee 

VEEA 

VEEA 

VEEO 

AGND 

(measured to DGND) ..................................................................................................................................................... -0.5 to +7.0V 

(measured to AGND) ..................................................................................................................................................... -7.0 to +0.5V 

(measured to VEED) ..................................................................................................................................................... -50 to +50mV 

(measured to DGND) ..................................................................................................................................................... -7.0 to +0.5V 

(measured to DGND) ..................................................................................................................................................... -0.5 to +0.5V 

Inputs 

eONV, FT, D1.10 (measured to DGNo)2 """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""Vee +0.5 to -0.5V 
CONV, FT, D1 -1 o Current, externally forced3 ............................................................................................................................................ ±3mA 

REF+, REF-,applied voltage 

(measured to AGND)3 ............................................................................................................................................... VEEA to +0.5V 

REF+, REF·, current, externally forced3 ..................................................................................................................................................... ±3mA 

Outputs 

OUT+, OUT-, applied voltage 

(measured to AGND)2 ........................................................................................................................... , ...................... -2.0 to +2.0V 

OUT+, OUT-, current, externally forced3 ................................................................................................................................................. +50mA 

Short-circuit duration (single output to GND) ...................................................................................................................................... unlimited 

Temperature 

Operating, ambient 

(Plastic Package) ........................................................................................................................................................... -20 to +90°C 

(Ceramic Package) ...................................................................................................................................................... -60 to + 150°C 

Junction 

( P la sti c Package) ..................................................................................................................................................................... + 140° C 

( e era mi c Package) .................................................................................................................................................................. + 200°C 

Lead, soldering ( 1 O seconds) ...................................................................................................................................................................... +300°C 

Storage ........................................................................................................................................................................................ -65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not 
exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Nom Max Units 

Vee Positive Supply Voltage (Measured to DGND) 4.75 5.0 5.25 v 

VEED Negative Supply Voltage (Measured to DGND) --4.9 -5.2 -5.5 v 

VEEA Negative Supply Voltage (measured to AGND) -4.9 -5.2 -5.5 v 

VAGNO Analog Ground Voltage (Measured t~ D_GND) --0.1 0.0 0.1 v 

VEEA Negative Supply Voltage (Measured to VEED)1 -20 0 20 mV 

tPWL CDNV Pulse Width LOW (to Meet Specification) 20 ns 

tPWH CONV Pulse Width HIGH (to Meet Specifications) 20 ns 

ts Setup Time, Data to CONV (to Meet Specification) 25 ns 

tH Hold Time (to Meet Specifications) 1 ns 

tsF Setup Time, Data to FT 5 ns 

tHF Hold Time, Data to FT 28 ns 

V1L Input Voltage, Logic LOW 0.8 v 

V1H Input Voltage, Logic HIGH 2.0 v 

VREF Reference Voltage (REF-) --0.7 -1.0 -1.3 v 

IREF Reference Current (REF+) 400 625 700 µA 

Cc Compensation Capacitor 0.01 0.1 µF 

TA AmbientTemperature, Still Air 0 70 oc 

Note: 1. A common power supply isolated with ferrite bead inductors is recommended for VEEA and VEEQ. This is shown in the Typical Interface Circuit. 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

IEEA+IEED VEEA=VEED=Max, static -180 mA 

TA=Oto 70°C 
TA=70°C -150 mA 

ICC Vcc=Max, Static 25 mA 

TA=Oto 70°C 

TA=70°C 20 mA 

CREF Reference Input Capacitance 15 pF 

C1 Digital Input Capacitance 15 pF 

voe Compliance Voltage -1.2 1.2 v 

Ro Output Resistance 12 kQ 

Co Output Capacitance 45 pF 

10 Full-Scale Output Current IREF=Nominal 40 mA 

llL Input Current, Logic LOW Vcc.VEE=Max' V1=0.4V -10 50 µA 

llH Input Current, Logic HIGH Vcc.VEE=Max, V1=2.4V -10 100 µA 

llM Input Current, Max Input Voltage Vcc.VEE=Max, V1=Vcc Max -10 100 µA 

VTH Logic Input Threshold Voltage,Typical Vcc.VEE=Nom, TA=25°C 1.25 1.55 v 
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Switching characteristics 

Temperature Range 

Standard 
Parameter· :' Test Conditions Min Typ Max Units 

Fo Maximum Data Rate VEEA. VEED. Vcc=Min 20 25 MHz 

toe Clock to Output Delay VEEA. VEED. Vcc=Min, FT =LOW 17 ns 

too Data to Output Delay VEEA. VEEO. Vcc=Min, FT=HlGH 35 ns 

toF FT to Output Delay VEEA. VEED. Vcc=Min 35 ns 

tR Risetime 90% to 10% of FSR, FT =LOW 4 ns 

tF Falltime 10% to 90% of FSR, FT =LOW 4 ns 

tSET Settling Time, Voltage FT =LOW, Full-Scale Voltage 20 30 ns 
transition on lour to ±0.0188%FSR 

System performance characteristics 

Temperature Range 

Standard 
Parameter Test Conditions Min Typ Max Units 

ELD Differential Linearity Error VEEA. VEED. IREF = Nom1 
TDC1041 ±0.1 % 
TDC1041-1 ±0.05 % 

Eu Integral Linearity Error VEEA. VEED. IREF= Nom1 
TDC1041 ±0.1 % 

TDC1041-1 ±0.05 % 

vos REF+ to REF- Offset Voltage -10 +10 mV 

IB REF- Input Bias Current 5 µA 

EG Absolute Gain Error VEEA. VEED. Vee. IREF= Norn -5 5 % 

IOF Output Offset Current VEEA. VEED. Vee= Min, 01-10=LOW -5 +5 A 
PSRR Power Supply Rejection Ratio VEEA. Vern. Vcc.IREF= Nom2 -50 dB 
PSS Power Supply Sensitivity Vee. VEEA· VEED=4%, IREF= Norn -140 µAN 

GA Peak Glitch Area 25 45 pV-sec 
SFDR Spurious Free Dynamic Range IREF=Nom, 20 Msps, 60 dBc 

lOMHz bandwidth 

Fout=6MHz 
Fout=5MHz 70 dBc 

Fout=2MHz 75 dBc 

Fout=lMHz 78 dBc 

Note: 1. OUT- connected to AGND. OUT-' driving virtual ground. 

2. 120Hz, 0.6Vp-p ripple on VEEA and VEEQ. dB relative to 0.6Vp-p ripple input. 
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Applications Information 

There are three major D/ A architectures: segmented, 
weighted current sources, and R-2R. In segmented there 
is one current source for each possible output level. The 
current sources are equally weighted and for an input code 
of N, N current sources are turned on. An N bit segmented 
D/ A has 2N current sources. A weighted current source 
D/A has one current source for each bit of input with a binary 
weighting for the current sources. In an R-2R D/A. there is 
one current source per bit, and a resistor network which 
scales the current sources to have a binary weighting. 

When transitioning from a code of 0111111111 to 
100000000000, both the R-2R D/ A and Binary weighted 
D/A are turning some current sources on while turning 
others off. If the timing is not perfect, there is a moment 
where all current sources are either on or off, resulting in 
a glitch. In a segmented architecture, 511 of the current 
sources remain on, and one more is turned on to increment 
the output no possibility of a glitch. 

The TDC1041 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The result 
is a converter which has very low-glitch energy, and a 
moderate die size. 

Layout, Power and Grounding 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided at the TDC1041. All ground pins should be 
connected to a common low-noise. low-impedance 
groundplane. This groundplane should be common for the 
TDC1041 and all of its immediate interface circuitry, which 
includes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may be 
connected in other ways if required by the user's system 
grounding plan, however, the voltage differential between 
the AGND and DGND pins must be held to within :±D.1 
Volts. 

Direct Digital Synthesis Applications 

There are many factors that can influence the system 
performance of a direct digital synthesizer. The following 
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comments are directed at getting the best possible 
performance from the TDC1041, as measured by Spurrious 
Free Dynamic Range (SFDR). 

The termination of the output pins has an effect on DAG 
performance. For most synthesis applications, optimum 
signal purity is obtained with the use of a balun (a simple 
RF transformer made by wrapping a few turns of wire 
around a ferrite core). This configuration has the benefit 
of cance!!ir.g common mode distortiori. 

Harmonic distortion may improve even further with reduced • 
AC termination impedance values, at the expense of 
lowered output voltage. 

An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which is 
likely to be much greater than that present from the direct 
outputs of the TDC1041. 

One detrimental effect in DAG performance is capacitive 
coupling of the digital data into the output terminal. The 
actual digital-data waveform which represents a sine wave 
contains strong harmonics of that sine wave. This can be 
seen by connecting a digital data line to the input of an 
analog spectrum analyzer. Therefore data feedthrough to 
the analog output of a system due to improper board 
layout or system shielding and grounding will appear as 
additional harmonic distortion, adversely affecting SFDR. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of the 
optimal performance. Spur levels may decrease as setup 
and hold times are increased. It is possible to achieve even 
higher performance in some instances by carefully "tuning" 
the input data setup and hold times (slightly delaying or 
advancing the CONV signal in relation to the data) fed to 
the TDC1041. The Operating conditions table has two 
sets of data for ts and tH. one which guarantees 
performance of the device in most applications, and one, 
more conservative specification which has been found to 
be optimal for DDS applications. 

The purity of the output of the TDC1041 is greater than that 
which can be measured by many spectrum analyzers. The 
spectral plots shown in this data sheet were generated 
with an HP8568B, which has a noise floor barely below 
that of the TDC1041, once the TDC1041 performance has 
been optimized. When making spectral measurements it is 
important to remember that the TDC1041 output power is 
+4dBm, which is greater power than many analyzers are 
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equipped to handle without adding distortion of their own. 
Accordingly, it may be necessary to introduce an attenuator 
to the input of the spectrum analyzer to see the true DAC 
performance. 

Output Termination 

The recommended output termination is 25Q. This can be 
provided by placing a 50Q source resistor between the 
output pin and ground, then driving a 50Q transmission 
line. With this load, the output voltage range of the 
converter is 0 to -1.0V. If a load is capacitively coupled to 
the TDC1041, it is recommended that a 25Q load at DC, 
as seen by the TDC1041, continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Voe. as specified in the Electrical 
Characteristics table, or the accuracy may be impaired. 

Optimum DC linearity is obtained by using a differential 
output either with a balun, or an operational amplifier in 
the differential mode. If it is desired that the TDC1041 be 
operated in a single ended fashion, the unused output 
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should be connected directly to ground as is shown in 
Figure 5. The CONV signal provided to the TDC1041 
must be as free from clock jitter as possible. Clock jitter 
is the random cycle-to- cycle variation in clock period. 
CONV clock jitter will effectively appear at the output as 
phase noise. A value of 1 Ops or less for clock jitter is 
recommended for the highest performance applications. 
Ordinary crystal oscillators are satisfactory. High­
performance synthesizers, such as the HP8662, used to 
trigger a precision pulse generator, are also satisfactory, 
although not as jitter free as a crystal oscillator. 

Driving a 75Q Transmission line 

The TDC1041 has been optimized to operate with a 
reference current of 625µA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37.5Q 
load (75Q source termination driving 75Q transmission 
line) rather than the 25Q suggested load, then VREF should 
be held at 1V and IREF reduced to 417µA. This will result in 
a 1 V p-p voltage being generated at the DAC output. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 
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Product Number Temperature Range Screening Package Package Marking 

TDC1041R3C T A=0°C to 70°C Commercial Plastic Chip Carrier 1041 R3C 
TDC1041R3C1 T A=0°C to 70°C Commercial Plastic Chip Carrier 1041R3C1 

Al I parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 
change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 

Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. functional operation under any of 
these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are not exceeded. Applied voltage must be current 
limited to specified range. forcing voltage must be limited to specified range. Current is specified as conventional current flowing into the device. 
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Monolithic D/A Converter 
12-Bit. 50Msps 
12ns Settling Time to 0.1 % , 70dB SFDR 

The TDC1112 is an ECL comoatible. 12-bit monolithic D/A 
converter capable of converting digital data into an 
analog current at data rates in excess of 50Msps 
IMegaSample Per Second). 

The analog performance has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 500 load with 1V outputs while keeping 
a spurious-free-dynamic range greater than 70dB. 

Data registers are incorporated on the chip. This 
eliminates the temporal data skew encountered with 
external registers and latches and minimizes the glitches 
that can adversely affect many applications. 

Interface Diagram 

Features 

• 12-Bit Resolution 
• 50Msps Data Rate 
• ECL Inputs 
• Very Low Glitch - ~Ja Track And Hald Circ1Jit t\]eeded 

• Dual +4dBm l1V Into 500) Outputs Make Output ~ 
Amplifiers Unnecessary In Many Applications ~ 

• 70dB Typical Spurious-Free-Dynamic-Range 
• Available Compliant To MIL-STD-883C 

Applications 

• Direct Digital RF Signal Generation 
• Test Signal Generation 
• Arbitrary Waveform Synthesis 
• Broadcast And Studio Video 
• High-Resolution AID Converters 
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TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone: 1619) 457-1000 
FAX: (619) 455-6314 
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Functional Block Diagram 
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Functional Description 

General Information 

The TDC1112 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that 
would generate glitches. 

There are three major D/A architectures: thermometer 
code segmentation, weighted current sources, and 
R- 2R. In thermometer code segmentation there is one 
current source for each possible output level. The current 
sources are equally weighted and for an input code of 
N, N current sources are turned on. An N bit segmented 
D/A has 2N current sources. A weighted current source 
D/A has one current source for each bit of input with a 
binary weighting for the current sources. In an R - 2R 
D/A, there is one current source per bit, and a resistor 
network which scales the current sources to have a 
binary weighting. 

When transitioning from a code of 011111111111 to 
100000000000, both the R- 2R D/A and binary 
weighted D/A are turning some current sources on while 
turning others off. If the timing is not perfect, there is a 
moment where all current sources are either on or off, 
resulting in a glitch. In a segmented architecture, 204 7 
of the current sources remain on, and one more is 
turned on to increment the output-no possibility of a 
glitch. 

The TDC1112 uses a hybrid architecture with the 6 
MSBs segmented, and the 6 LSBs from a R - 2R 
network. The result is a converter which has very low 
glitch energy, and a moderate die size. 

Power, Grounds, and Layout 

The TDC1112 requires a single - 5.2V power supply. The 
analog IVEEAI and digital IVErnl supply voltages should 
be decoupled from each other, as shown in the Typical 
Interface Circuits, to provide the highest noise immunity. 
The 0.1 J.LF decoupling capacitors should be placed as 
close as possible to the power pins. The inductors are 
simple ferrite beads and are neither critical in value nor 
always required. 

The high slew-rates of digital data make capacitive 
coupling with the D/A output a real problem. Since the 
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digital signals contain high-frequency harmonics of the 
clock, as well as the signal that is being provided to the 
DAC, the result of data feedthrough often looks like 
harmonic distortion which degrades the Spurious-Free­
Dynamic-Range ISFDRl performance of the D/A. 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds ~ 
are provided at the TDC1112. All ground pins should be ~ 
connected to a common low-noise, low-impedance 
groundplane. This groundplane should be common for the 
TDC1112 and all of its immediate interface circuitry, 
which includes all of the reference circuitry, the output 
load circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected !typically 
through a ferrite bead inductorl to the analog ground­
plane in only one place. The analog and digital grounds 
may be connected in other ways if required by the user's 
system grounding plan, however, the voltage differential 
between the AGND and DGND pins must be held to 
within ±0.1V. 

Reference 

The TDC1112 has two reference inputs: REF+ and 
REF-. These are the inverting and non inverting inputs of 
the internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current 
flows into the REF+ pin through an external current 
setting resistor iRREFl· This current is the reference 
current llREFI which serves as an .internal reference for 
the current source array. The output current for an input 
code N from OUT+ is related to IREF through the 
following relationship: 

IREF 
IQLJT !Input Code NI= N x -

64 

This means that with an IREF that is nominally 625J,LA, 
the full scale output is 40mA, which will drive a 500 
load in parallel with a 500 transmission line 1250 load 
total) with a 1V peak-to-peak signal. The impedance 
seen by the REF- and REF+ pins should be approxi­
mately equal so that the effect of amplifier input bias 
current is minimized. · 
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Reference (cont.) 

The TDC1112 has been optimized to operate with a 
reference current of 625µA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. The minimum and maximum values for VREF 
and IREF are listed in the Operating Conditions Table. 

The internal reference amplifier is externally compensated 
to assure stability. To compensate this amplifier, a 0.1 µF 
capacitor should be connected between the COMP pin 
and VEEA The amplifier has been optimized to minimize 
the TDC1112 settling time, and as a result should be 
considered a DC amplifier. Performance of the TDC1112 
operating in a multiplying D/A mode is not guaranteed. 

A typical interface circuit that includes a stable, 
adjustable reference circuit is shown in Figures 9a-c. 

Digital Inputs 

The data inputs are single-ended ECL compatible. The 
TDC1112 is specified with two sets of setup and hold 
times. One of these pairs of specifications guarantees the 
performance of the TDC1112 to specifications listed in 
the minimum and maximum columns of the System 
Performance Characteristics Table. The second more 
rigid specification is recommended for applications where 
lowest possible glitch and highest SFDR are desired. The 
more stringent ts and tH insure that the data will not be 
slewing during times critical to the TDC1112, and will 
hence minimize the effects of capacitively coupled data 
feedthrough and optimize SFDR performance. Another 
method reducing the effect of capacitive coupling is to 
slow down the slew rates of the digital inputs. This has 
been done in the circuit shown in Figures 9a-c by the 
addition of 5DO series resistors to the data lines. 

Clock and Feedthrough Control 

The TDC1112 requires an ECL clock signal (CONVert and 
CONVert). Even though complementary operation is 
preferred, a single-ended signal may be used if either 
unused CONV input is biased at a DC voltage midway 
between the active input's V1H and V1L levels. 

Data is synchronously entered on. the rising edge of 
CONV (the falling edge of CONV). The CONV input is 
ignored in the Feedthrough (FT= HIGH) mode. 

The Feedthrough (FT) pin is normally held LOW, in which 
case the TDC1112 operates in a clocked mode (the 
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output changes only after a clock rising edge). An 
internal pull-down resistor is provided, and this pin may 
be left open for clocked operation. For certain appli­
cations, such as high-precision successive approximation 
AID converters, speed may be more important then 
glitch performance. In these cases, the FT pin may be 
brought HIGH, which makes the input registers trans­
parent. This allows the analog output to change 
immediately and asynchronous in response to the digital 
input, without the need for a clock. 

Since skew in the bits of the input word will result in 
glitches, and may affect settling time, it is recommended 
that the TDC1112 be operated in clocked mode for most 
applications. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power current 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
OUT+ provides a 0 to - 4DmA output current (0 to 
-1V when terminated in 250) as the input code varies 
from ODOD ODDO DDOD to 1111 1111 1111. OUT- varies 
in a complementary manner from - 4D to OmA (-1 to 
DV when terminated with 250) over the same code 
range. (See the Output Coding Table.) The output 
current is proportional to the reference current and the 
input code. 

The recommended output termination is 250. This can 
be provided by placing a 500 source resistor between 
the output pin and ground, then driving a 5DO trans­
mission line. With this load, the output voltage range of 
the converter is 0 to -1.DV. If a load is capacitively 
coupled to the TDC1112, it is recommended that a 250 
load at DC, as seen by the TDC1112, continue to be 
maintained. The output voltage should be kept within the 
output compliance voltage range, Voe. as specified in 
the Electrical Characteristics Table, or the accuracy 
may be impaired. 

See Figure 9b for a suggested circuit for achieving a 
bipolar output voltage range. Optimum DC linearity is 
obtained by using a differential output either with a 
balun, or an operational amplifier in the differential 
mode. If it is desired that the TDC1112 be operated in a 
single ended fashion, the unused output should be 
connected directly to ground as is shown in Figure 9c. 
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Package Interconnections 

Signal Signal 
Type Name Function Value J7, N7 Package Pins CJ, RJ Package Pins 

Power VEEA Analog Supply Voltage -5.2V 18 1 

VEED Digital Supply Voltage -5.2V 22 5 

AGND Analog Ground o.ov 5 13 

DGND Digital Ground o.ov 8 17 

Reference REF- Reference Voltage Input -1.0V 19 2 

REF+ Reference Current Output -0.625mA 20 3 

COMP Compensation Capacitor 0.1 µF, See Text 21 4 

Data Input D1 IMSB) Most Significant Bit Input ECL 14 24 

D2 ECL 13 23 

03 ECL 12 22 

D4 ECL 11 21 

05 ECL 10 20 

06 ECL 9 19 

D7 ECL 23 6 

Dg ECL 24 7 

D9 ECL 1 8 

D10 ECL 2 9 

D11 ECL 3 10 

D12 ILSB) Least Significant Bit Input ECL 4 11 

Feedthrough FT Feedthrough Mode Control ECL 17 28 

Convert !Clock) CONV Convert !Clock) Input ECL 16 27 

CONV Convert !Clock) Input ECL 15 26 

Analog Output OUT+ Analog Output 0 to -40mA 6 14 

OUT- Analog Output -40 to OmA 7 15 
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Output Coding Table 1 

Input Data 01-12 OUT+ (mA) VouT+ lmVI OUT'- (mAI VouT- lmVI 
MSB LSB 

-"-

0000 0000 0000 0.000 0.00 40.000 -1000.00 
0000 0000 0001 0.009 -0.24 39.990 -999.75 
0000 0000 0010 0.019 -0.49 39.980 -999.52 

• . • • • 
• • . . . . . . • • . • 

0111 1111 1111 19.995 -499.88 20.005 -500.12 
1000 0000 . 0000 20.005 -500.12. 19.995 -499.88 

• . • • • . • • • • 
• • • • • 

1111 1111 1101 39.980 -: 999.52 0.019 -0.49 
1111 1111 1110 39.990 -999.75 0.009 -0.24 
1111 1111 1111 40.000 -1000.00 0.000 0.00 . 

Note: 1. IREF=625µA, RLOAo=251l. 

Figure 1. Timing Diagram 

'H 1SF 1HF 

INPUT DATA 
(01-12> 

CONY 
(PIN 16) 

1PWL 

FT 
(PIN 17) 

•oo 

ov 

±% LSB 

DUT-
(PIN 7) 

1 LSB 
-IV -1 

'sET ±% LSB 'SET 
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Figure 2a. Equivalent Input Circuit (Data and FT) 

21343A 

Figure 3. Equivalent Reference and Output Circuits 

REF+ 

COMP 

REFERENCE 
CURRENT r-----, 

I 
I 

Figure 2b. Equivalent Input Circuit (CONY and 
CONY) 

CURRENT 
SINK#N 

..----__._..,.,,~-----..__-"() OUT+ 

..---.......,.1'-+--+----+---o OUT· 

21345A 

21344A 

Figure 4. Standard Test Load 
TEST LOAD: 

Figure 5. CONY and CONY Switching Levels 

---------------------- o.ov 
OUT+ 

OT0·1 Y ' - - - - - - - - - - - - - YICMMIN 
OUT-

CL 
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RL 
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YIDF 
21346A 

' ' ' ' ' ' -- - - - - --"""-..::0.- -- -- - - - - ·1.3Y 

' ' '' ''---v- CONY 

YICMMAX - - - - - - - - - - - ..... ~CONY 
21347A 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

94 

Supply Voltages 

VEEA !measured to AGNDI ........................................................................................................................................... - 7.0 to + 0.5V 

VEEA !measured to VE ml ····································•.······································································································ -50 to + 50mV 
VEED (measured to DGNDI ............................................................................................................................................ - 7.0 to + 0.5V 

AGND !measured to DGNDI ................................... , ....................................................................................................... -0.5 to + 0.5V 

Inputs 
Applied voltage 

CONV, CONV, FT, 01-12 (measured to DGNDI 2 ............................................................................................... VEED to +O.OV 

REF+, REF- (measured to AGNDI 2 .................................................................................................................. VEEAto +O.OV 

Applied current 

REF+, REF-, externally forced !measured to Am..Jol 3.4 ............................................................................................... ± 3mA 

Digital inputs ................................................................................................................................................................................... ± 3mA 

Outputs 
Applied voltage 

OUT+, OUT - !measured to AGNDI 2 ................................................................................................................. - 2.0 to + 2.0V 

Applied current 

OUT+; OUT-, externally forced !measured to AGNDI 3.4 .............................................................................•............. +50mA 

Short-circuit duration !single output to GND) ....................................................................................................................... Unlimited 

Temperature 

Operating, ambient !plastic package) ........................................................................................................................... -20 to + 90°C 

!ceramic package) ........................................................................... : .......................................... -60 to + 150°C 

junction !plastic package) ........................................................................................................................................ + 140°C 

(ceramic package) ..................................................................................................................................... + 200°c 

Lead, soldering (10 seconds) ..................................................................................................................................................... + 300°C 

Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: Absolute maximum ratings are limiting values applied individually while all other parameters are with.in spec1fiBd operating conditions. 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating 
Conditions are not exceeded. 

2 Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Commercial Military 
Parameter Min Norn Max Min Norn Max Units 

Fs Clock Frequency 0 50 0 50 MHz 

VEEA Analog Supply Voltage (measured to AGNDI -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VEEA Analog Supply Voltage (measured to VErnl 1 -20 0.0 +20 -20 0.0 +20 mV 

VEED Digital Supply Voltage (measured to DGNDI -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 v 
VAGND Analog Ground Voltage (measured to DGNDI -0.1 0.0 0.1 -0.1 0.0 0.1 v 

VREF Reference Voltage, REF- -0.7 -1.0 -1.3 -0.7 -1.0 -1.3 v 
IREF Reference Current, REF+ 0.550 0.625 0.700 0.575 0.625 0.675 mA 

Cc Compensation Capacitor 0.01 0.1 0.01 0.1 µF 

VIL Digital Input Voltage, Logic LOW -1.55 -1.60 v 
V1H Digital Input Voltage, Logic HIGH -1.05 -1.00 v 

ts Input Data Setup Time 17 18 ns 

ts Input Data Setup Time 2 24 24 ns 

tH Input Data Hold Time 0 0 ns 

tH Input Data Hold Time 2 4 4 ns 

tsF Setup Time, Data to FT 7 7 ns 

tHF Hold Time, Data to FT 24 24 ns 

V1cM CONV Input Voltage, Common Mode Range 3 -0.5 -2.0 -0.5 -2.0 v 
VIDF CONV Input Voltage, Differential 3 0.4 1.2 0.4 1.2 v 

tpwL CONV Pulse Width LOW 

;;;;, 40Msps 10.5 10.5 ns 

< 40Msps 11 11 ns 

tpwL CONV Pulse Width LOW 2 18 18 ns 

1PWH CONV Pulse Width HIGH 

;;;;, 40Msps 8.0 8.5 ns 

<40Msps 9.0 9.0 ns 

tpwH CONV Pulse Width HIGH 2 11 11 ns 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

Notes· 1. A common power supply, isolated simply with ferrite bead inductors, is recommended for VEEA and VEm 
See the Typical Interface Circuits. Figures 9a-c. 

2. SFDR sensitive applications. 

3. See Figure 5 .. CONV, CONV Switching levels. 
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Electrical characteristics within specified operating conditions 1 

Temperature Range 

Commercial Military 
Parameter Test Conditions Min Max Min Max Units 

IEE Supply Current llEEA + IErnl 2 VEEA=Max 3 -180 -195 mA 

TA= 70 °C -150 mA 

Tc= 125°C -145 mA 

CREF Reference Input Capacitance REF+, REF- 15 15 pF 

C1 Digital Input Capacitance D1-12· FT, CONV, CONV 15 15 pF 

l1L Digital Input Current, Logic LOW VErn=Max, V1=-1.85V -10 200 -10 250 pA 

l1H Digital Input Current, Logic HIGH VErn=Max, V1=-0.8V -10 200 -10 250 µ.A 

lie CONV Input Current VErn= Max, -1.85V<v1 <-a.av 50 50 µ.A 

Ro Output Resistance OUT+, OUT - 12 12 kOhms 

Co Output Capacitance OUT+, OUT - 45 45 pF 

Voe Output Compliance Voltage OUT+, OUT - -1.2 +1.2 -1.2 +1.2 v 

lo Full-Scale Output Current OUT+, OUT - 40 40 mA 

Not<Js. 1. Worst case over all data and control states. 

2. See the Typical Supply Current vs. Temperature graph [figure 61 for typical values. 

3. Standard test load, figure 4. 

Switching characteristics within specified operating conditions 

Temperature Range 

Commercial Military 
Parameter Test Conditions Min Typ Max Min Typ Max Units 

Fs Maximum Clock Rate 1.2.3 VEEA• VErn=Min, FT=LOW 50 50 Msps 

toe Clock to Output Delay 2.3 VEEA· VErn=Min, FT=LOW 20 20 ns 

too Data to Output Delay 2.4 VEEA• VEED =Min, FT= HIGH 25 25 ns 

1DF FT to Output Delay 2 VEEA• VErn=Min 30 30 ns 

tR Output Risetime 3 90% to 10% of FSR, FT= LOW 2 4 2 4 ns 

IF Output Falltime 3 10% to 90% of FSR, FT=LOW 2 4 2 4 ns 

ts ET Output Voltage Settling Time 2,5,6 FT= LOW, Worst Case Full-Scale 

Voltage Transition on OUT -

to 0.1 % FS (4 LSB or 10 Bits) 12 20 13 ns 

to 0.05 % FS (2 LSB) 17 14 ns 

to 0.0188% FS (3/4 LSB) 20 30 18 35 ns 

to 0.0125 % FS (112 LSB) 25 35 25 ns 

Notes: 1. fs is limited only by tPWL· tpwH· ts and tH requirements. 

2. See figure I .. Timing Diagram. 

3. Clock Mode. 

4. feedthrough Mode. 

5. Standard test load. figure 4. 

6. See the Typical Output Voltage Settling Time vs. Settling Accuracy curve. 
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System performance characteristics within specified operating conditions 

Temperature Range 

Commercial 
Parameter Test Conditions Min Typ Max Min 

Eu Linearity Error, Integral Note 1, 

(Terminal Based) TDC1112 ±0.096 

TDC1112-1 ± 0.048 

TDC1112-2 ± 0.048 

TUCI ~ 12~ 3 :rU.G24 

ELD Linearity Error, Differential Note 1, 

TDC1112 ±0.096 

TDC1112-l ± 0.048 

TDC1112-2 ±0.024 

TDC1112-3 ±0.012 

SFDR Spurious- Free Dynamic Range 2 32Msps, 

FouT= 12MHz 55 67 

FouT= 10MHz 68 54 

40Msps, 

FouT= 16MHz 63 

FouT= 5MHz 70 

FouT= 1 MHz 72 

EG Absolute Gain Error Note 3 ±1 ±5 

TCEG Gain Error Temperature Coefficient Note 3 ±30 

1oF Output Offset Current Note 4 ±0.1 ±5 

TCoF Offset Temperature Coefficient Note 5 ±2 

Vos REF+ to REF- Offset Voltage ±1.5 ± 10 

Is REF- Input Bias Current 5 

PSRR Power Supply Rejection Ratio Note 6 -50 

PSS Power Supply Sensitivity Note 7 -140 

DP Differential Phase Note 8 0.2 

DG Differential Gain Note 8 0.3 

GA Peak Glitch Area 9 FT =LOW 20 35 

Notes: 1. OUT- connected to AGNO· OUT- driving virtual ground. VEEA· VEED- IREF=Norn 

2 Circuit as shown in Figure 9a .. IREF=Norn. 

VEED- VEEA, VREF= Norn 

4. VEEA· VErn=Min. 01-1z=LOW 

5. VEEA· VErn=Max. D1_12 =LOW 

120H2. 0 6Vp-p ripple on VEEA and VEED dB relative to 0 6Vp-p ripple input VEEA· VEm IREF= Norn. 

VEEA· VErn= ±4%. IREF=Norn. 
Fs = 4 x NTSC Subcarrier 

Worst case 1 LSB transition. 

Military 
Typ Max 

±0.096 

±0.048 

± 0.048 
. ",......,,. 

::!:U.UL'1" 

±0.096 

±0.048 

±0.024 

±0.012 

67 

68 

63 

70 

72 

±1 ±5 

±30 

±0.1 ±5 

±2 

±1.5 ± 10 

10 

-48 

-140 

20 45 

Units 

% 

% 

% 

" ·1u 

% 

% 

% 

% 

dB 

dB 

dB 

dB 

dB 

% 

ppm/°C 

µA 

µV/°C 

mV 

µA 

dB 

µA/V 

Degree 

% 

pV-sec 
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Typical Performance Curves (Typical Settling Time Characteristics) 

A. Full-Scale Output Transition. Rising Edge 

Conditions 
Output load: Rl = zrn 

Cl< 5pf 
Temp: Ambient 
Supply Voltages: Nominal 

For Settling Time Detail, See Plot B 

-1.0060 ---.~.u....~-'-'-'~'-'-'-'-'--'-~......._.~_._..._,_._,~u...1..~u 
Ons 200ns 

TIME lnsl 

C. Full-Scale Output Transition, Falling Edge 

Conditions 
output load: Rl = zrn 

Cl< 5pf 
Temp: Ambient 
Supply Vohages: Nominal 

For Settling Time Detail, See Plot 0 

-1.03&8 ......... .,.....~ .......... ~_._...~ ......... '-'--'-~...W.~""-" ........ ~-'-'-'~ 
Dos 200ns 

TIME lnsl 

E. Typical Settling Time vs. Settling Accuracy 

!0.5 

5 
"' 
~ 

ii! 
~ 
;I'. !0.1 +• 
Q 
z ... 
m !0.05 a: 
0 a: 
ffi 

!0.024 

!0.012 
!0.010 
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Conditions 

Output Load: RL = 250 
CL< SpF 

Temp: Ambient 
Suppy Voltages: Nominal 

10 15 20 25 30 
FULL· SCALE SETILING TIME (ns) 21348. 1 A 

B. Settling Time. Full-Scale Output, Rising Edge 

ts ET 

±112 LSB 

------.-

TIME lnsl 

Conditions 
Ou1put load: Rl = zrn 

Cl< 5pf 
Temp: Ambient 
Supp~ Voltages: Nominal 

D. Settling Time, Full-Scale Output, Falling Edge 

±112 lSB 

Conditions 
Output load: Rl = 250 

Cl< 5pf 
Temp: Ambient 
Supply Voltages: Nominal 

-1.0060 ......... ~-. ................. ""-" ....... ~'-'-'-~ .......... ~.i...........u~-"'-''-'-'-'"' 
Ons ZOOns 

30ns TIME lnsl 
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Figure 6. Typical Supply Current vs. Temperature 

-150 

·140 

<( 
.§. 

·130 w 
.EJ 

-120 

-110 

·100 ...._ __ ..__ __ ...__ __ ...__ __ ...__ __ ...__ __ ...__ __ ...__ __ _._ __ .... 

• 55 .35 ·15 25 45 

TEMPERATURE °C 

Figure 7. Typical Output Spectrum, 40MSPS, 13.336MHz Four 

REF 2.5 dBm 

1121 dB/ 

MAR[ER 
-8. ~0 k~z 
-64.20 qB 

CENTER 13.333121121 MHz 
RES BW 1121121 Hz 

ATTEN 4121 dB 

VBW 1121121 Hz 
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65 85 105 

MKR -B. 1121 kHz 
-64.2121 dB 

SPAN 5121.121121 kHz 
SWP 1121 sec 
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21349A 
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Figure 8. Typical Output Spectrum, 40Msps, 5MHz FouT 

REF; 2 5 dBm 

10 dB/ 

MAR ER 
9.8~ MH 
- 71. 10 ~B 

START 0 Hz 

ATTEN 30 dB 
MKR 9.BB MHz 

-71 10 dB 

RES BW 1 kHz VBW 1 kHz 
STOP 20.00 MHz 

SWP 50 sec 

Application Discussion 

Direct Digital Synthesis Applications 

For most synthesis applications, optimum signal purity is 
obtained with the use of a balun la simple RF trans­
former made by wrapping a few turns of wire around a 
ferrite core) as shown in Figure 9a. This configuration 
has the benefit of cancelling common mode distortion. 

An output amplifier is not recommended because any 
amplifier will add extra distortion of its own, which is 
likely to be much greater than that present from the 
direct outputs of the TDC1112. 

The strict adherence to at least the minimum input data 
setup and hold times is important for the realization of 
the optimal performance. Spur levels may decrease as 
setup and hold times are increased. It is possible to 
achieve even higher performance in some instances by 
carefully "tuning" the input data setup and hold times 
!slightly delaying or advancing the CONV signal in 
relation to the data) fed to the TDC1112. The Operating 
Conditions Table has two sets of data for ts and tH, 

100 

one which guarantees performance of the device in 
most applications, and one, more conservative specifi­
cation which has been found to be optimal for DDS 
applications. 

The actual digital-data waveform which represents a sine 
wave contains strong harmonics of that sinewave. This 
can be seen by connecting a digital data line to the 
input of an analog spectrum analyzer. Therefore, data 
feedthrough to the analog output of a system due to 
improper board layout or system shielding and grounding 
will appear as additional harmonic distortion, adversely 
affecting SFDR. 

Harmonic distortion may improve even further with 
reduced AC termination impedance values, at the 
expense of lowered output voltage. 

The purity of the output of the TDC1112 is greater than 
that which can be measured by many spectrum analyzers. 
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Direct Digital Synthesis Applications (cont.) 

The spectral plots shown in Figures 7 and 8 were 
generated with an HP8568B, which has a noise floor 
barely below that of the TDC1112, once the TDC1112 
performance has been optimized. When making spectral 
measurements it is important to remember that the 
TDC1112 output power is + 4dBm, which is greater 
power than many analyzers are equipped to handle 
without adding distortion of their own. Accordingly, it 
may be necessary to introduce an attenuator to the 
input of the spectrum analyzer to see the true DAC 
performance. 

The CONV signal provided to the TDC1112 must be as 
free from clock jitter as possible. Clock jitter is the 
random cycle-to-cycle variation in clock period. CONV 
clock jitter will effectively appear at the output as phase 
noise. A value of 1 Ops or less for clock jitter is recom­
mended for the highest performance applications. 
Ordinary crystal oscillators are satisfactory. High­
performance synthesizers, such as the HP8662, used 
to trigger a prec1s1on pulse generator, are also 
satisfactory, although not as jitter free as a crystal 
oscillator. 

Figure 9a. Typical Interface Circuit with Balun Output 

LEGEND 
SYMBOL CIRCUIT 
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Figure 9b. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 
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SYMBOL CIRCUIT 

* i: 
I -5.2V 

10H176 12 x 50 OHM REF+ REF· COMP AGND DGND 
f'ii'."'-(oi'.'1 l--'---!'i?l-ilAA,--t D1 (MSB) 

02 ,__ __ ...,..~"'"'~-- D2 

03 D3 

04 D4 

1----~--'11'1/\~- Ds 

1----...... ~\/'I/\~-- D5 
..... _..,.....__, D1 

r----+l*"-'VV1.r--.. De 

r---i*l--'\/Vlr-- Dg 

,..._,..,.._J"'"~-- D10 

.-+.><-t-J\/\1\..----<M Dn 

rl*t~V'Vlr-- D12 (LSB) 

CONV CONV 

TDC1112 

0.1,ul r-1µF 

100 

100 

-5.2V 21353A 

Figure 9c. Typical Interface Circuit with Resistive Load Output 
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Ordering Information 

Product 1 Temperature Range Screening Package Package 1 
Number Marking 

TDC1112J7CX STD- TA=0°C to 70°C Commercial 24 Pin Hermetic Ceramic DIP 1112J7C-X 
TDC1112J7VX EXT-Tc= -55°C to 125°C MIL-STD-883 24 Pin Hermetic Ceramic DIP 1112J7V-X 

TDC1112N7CX STD-TA=0°C to 10°c Commercial 24 Pin Plastic DIP 1112N7C-X 

TDC 1112C3VX EXT - Tc= -55°C to 125°C MIL-STD-883 28 Contact Chip Carrier 1112C3V-X 

TDC I i i 2R3CX STD-TA= u'C lO 7u'C l Conm1erLiai 28 L1:::eided P:astlc Chip Caiiier 1112R3C-X 

Note 1. The "X" in the product designation denotes the linearity grade, guaranteed over the operating temperature range, per the following table: 

Linearity Grade (X) None 1 2 3 

ELD Linearity Error, Differential ± 0.096 % (4 LSB) ± 0.048 % (2 LSB) ± 0.024 % (1 LSB) ±0.012% (1/2 LSB) 

Eu Linearity Error, Integral ± 0.096 % (4 LSB) ± 0.048 % (2 LSB) ±0.048% (2 LSB) ± 0.024 % (1 LSB) 

Not every grade is available m every package/screening/temperature range combination. Consult factory for availability 

All parameters in this specification are guaranteed by design, characterization. sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury The user of TRW LSI Products Inc components m life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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··~·· 

TDC1141 Monolithic Digital To Analog Converter 
10 Bit, 50Msps, 12ns Settling Time 
The TDC1141 is an ECL compatible, 10-bit monolithic D/A 
converter capable of converting digital data into an analog 
Gurrent or vuilage al data rate:; irr ext;e:;:; uf 50 Meya­
samples-per second (Msps). 

The analog circuitry has been optimized for dynamic 
performance, with very low glitch energy. The output is 
able to drive a 50Q load with 1V output levels while 
maintaining large spurious-free-dynamic range. 

Data registers are incorporated on the TDC1141. This 
eliminates data skew encountered with external registers 
and latches and minimizes the glitches that can adversely 
affect many applications. 

Interface Diagram 

REF+ REF· COMP AGND DGND 

o1 (MSB) 

D2 

D3 

D4 

D5 

D5 
TDC1141 

D7 

De 

Dg 

o10 (LSB) 

CONY CONY FT YEEA YEED 

Features 
• 10-Bit Resolution 

• 50 Msps Data Rate ~ 

• ECL Inputs ~ 
• Very Low Glitch With No Track And Hold Circuit Needed 
• Dual +4dBm (1V Into 50Q) Outputs Make Output 

Amplifiers Unnecessary In Many Applications 

Applications 
• Direct Digital RF Signal Generation 
• Test Signal Generation 
• Arbitrary Waveform Synthesis 
• Broadcast And Studio Video 
• High-Resolution A/D Converters 

21141A 
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Functional Block Diagram 

REF-

COMP 

o1 (MSB) 

D2 

D3 

D4 

Ds 

D5 

CONV 

CONV 

FT 

Pin Assignments 

CONV 26 
CONV 27 

FT 28 

VEEA 1 
REF· 2 

REF+ 3 
COMP 4 

REFERENCE 
AMPLIFIER 

MSB DECODE 
REGISTER 

LSB DATA 
REGISTER 

CURRENT 
SWITCH ARRAY 

63 UNIFORMLY WEIGHTED 
MSB CURRENT SWITCHES 

OUT+ 

OUT· 

6 BINARY WEIGHTED 
----------- LSB CURRENT SWITCHES 21591A 

18 NC 

17 DGND 
16 NC 
15 OUT-
14 OUT+ 

13 AGND 
12 NC 

21592A 

Functional Description 

General Description 

The TDC1141 consists of five major circuit sections: the 
LSB data register, the MSB decode block, the decoded 
MSB register, the current switch array, and the reference 
amplifier. All data bits are registered just before the 
current switches to minimize the temporal skew that would 
generate glitches. 

Power and Grounds 

28 Leaded Plastic Chip Carrier - R3 

The TDC1141 requires a single -5.2V power supply. This 
supply is divided into analog (VEEA) and digital (VEEO) 
supply pins which should be decoupled from each other. 
An example of this decoupling is shown in the Typical 
Interface Circuit. The 0.1 µF decoupling capacitors should 
be placed as close as possible to the power pins. The 
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inductors are simple ferrite beads and are neither critical in 
value nor always required. 

Reference and Compensation 

The TDC1141 has two reference inputs: REF+ and REF-. 
These are the inverting and noninverting inputs of the 
internal reference amplifier. An externally generated 
reference voltage is applied to the REF- pin. Current flows 
intn thP REF+ oin thrn110h ;rn PxtP.rnol ~1irrnnt sr.tting 
resisto~ (RREFl. This cuvrrent is the reference current (IREF) 
which serves as an internal reference for the current 
source array. The output current for an input code _N from 
OUT+ is related to IREPhrough the following relat1onsh1p: 

IOUT = N x IREF 
16 

Where N is the input code to the D/ A converter 

This means that with an IREF that is nominally 625µA, the 
full-scale output is 40mA, which will drive a 50Q load in_ 
parallel with a 50Q transmission line (25Q load total) with 
a 1 V peak to peak signal. The impedance seen by the REF­
and REF+ pins should be approximately equal so that the 
effect of amplifier input bias current is minimized. 

The internal reference amplifier is externally compensated 
to ensure stability. A 0.1 µF capacitor should be connected 
between the COMP pin and VEEA-

Digital Inputs 

All digital inputs including the FT, CONV and Data Inputs 
are compatible with EGL logic. Input registers are _provided 
on the data input lines to minimize the effect of gl1tching 
caused by data skew. 

Clock and Feedthrough Control 

The TDC1141 requires a differential EGL clock signal 
(CONVert and CONVert). Even though complementary 
operation is preferred, a single-ended signal may be used 
if either unused CONV input is biased at a DC voltage 
midway between the active input's V1H and V1L levels. 

TRW LSI Products Inc. 

Data is synchronously entered on the rising ~dge of CO~V 
(the falling edge of CONV). The CONV input 1s ignored in 
the Feedthrough (FT= HIGH) mode. 

The Feedthrough (FT) pin is normally held LOW, in which 
case the TDC1141 operates in a clocked mode (the output 
changes only after a clock rising edge). An internal pull­
down resistor is provided, and this pin may be left op~n for 
clocked operation. For certain applications, such as h1gh­
precisiur1 successive approxirnation A/D converters, output 
delay may be more important than glitch performance. In ~ 
these cases, the FT pin may be brought HIGH, which makes \i;llll 
the input registers transparent. This allows the analog 
output to change immediately and asynchronously in 
response to the digital input, without the need for a clock. 

Analog Outputs 

Two simultaneous and complementary analog outputs are 
provided. Both of these outputs are full-power rnrrent 
sources. By loading the current source outputs with a 
resistive load, they may be used as voltage outputs. 
OUT+ provides a 0 to -40mA output current (0 to -1 V 
when terminated in 25Q) as the input code varies from 
00 0000 0000 to 11 1111 1111. OUT- varies in a 
complementary manner from -40 to OmA (-1 to OV when 
terminated with 250) over the same code range. (See the 
Input Coding Table.) The output current is proportional to 
the reference current and the input code. 

No Connect 

These pins have no internal connection and should be left 
open for optimal performance. 
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Package Interconnections 

Signal Signal Function Value R3 Package 
Type Name Pins 

Power AGND Analog Ground o.ov 13 

DGND Digital Ground o.ov 17 

VEEA Analog Supply Voltage -5.2V 1 

VEED Digital Supply Voltage -5.2V 5 

Reference REF- Reference Voltage Input -1.0V 2 

REF+ Reference Current Input -625µA 3 

COMP Compensation Capacitor 0.1 µF, see text 4 

Data Inputs D1 (MSB) Most Significant Bit ECL 24 

D2 ECL 23 

D3 ECL 22 

04 ECL 21 

05 ECL 20 

05 ECL 19 

D7 ECL 6 

D8 ECL 7 

D9 ECL 8 

D10 (LSB) Least Significant Bit ECL 9 

Feedthrough FT Feedthrough Mode control ECL 28 

Convert CDNV Convert (Clock) Input ECL 27 

CDNV Convert Complement ECL 26 

Analog Output OUT+ Analog Output 0 to 40mA 14 

OUT- Analog Output 40to OmA 15 

No Connect NC No Internal Connection Open 10, 11, 12, 16, 18,25 

Input Coding Table1 

Input Data 

MSB LSB OUT+(mA) vour+(mVI OUT-(mA) Vou1-(mVI 

00 0000 0000 0.000 0.00 40.000 -1000.00 

00 0000 0001 0.039 -0.97 39.961 -998.05 

00 0000 0010 0.078 -1.95 39.922 -998.05 . . . . . . . . . . . . . . . 
0111111111 19.961 -499.03 20.000 -500.00 

1000 0000 00 20.000 -500.00 19.961 -499.03 . . . . . . . . . . . . . . . 
11111111 01 39.922 -998.05 0.078 -1.95 

1111111110 39.961 -999.03 0,039 -0.97 

1111111111 40.000 -1000.00 0.000 0.0 

Note: 1. IREF = 625µA, RLOAO = 25f.! 
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Figure 1. Timing Diagram 

INPUT----­
(D1-12I 

CONV 

rr-+---------....... -----------J 
DV 

OUT-

-1V 

±1/2 LSB 
1SET 

Figure 2. Equivalent Input Circuit (Data and FT) 

21343A 

Figure 4. Equivalent Reference and Output Circuits 

REF+ 

I 
I 
I 
I 

L---
COMP 

REFERENCE 
CURRENT r-----, 

I I 
I I 
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±1/2 LSB 

24077A 

Figure 3. Equivalent Input Circuit (CONV and CONV) 

CURRENT 
SINK#N 
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21344A 
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TDC1141 -.. ·~·-· .. ,.,., 
Figure 5. Standard Test Load Figure 6. CONV and CONV Switching Levels 

TEST LOAD: ------------------------- o.ov 
·-----, - - - - - - - - - - - - - VICMMIN 

OUT+ o-------• OT0-1V 
OUT· ' ' 

21346A 

·-----, ' 
' ' - - - - - - - -~ - ~- - - - - - - - - ·1.3V 

' ' ',,:=x= CONV 

VICM MAX - - - - - - -. - - - - -- CONV 
21347A 

Absolute maximum ratings (beyond which the device may be damaged)1 

110 

Supply Voltages 

VEEA 

VEEA 
VEED 

AGND 

(Measured to AGND) .................................................................................................................................................... -7.0 to +0.5V 

(Measured to VEED) ..................................................................................................................................................... -50 to +50mV 
(Measured to DGND) .................................................................................................................................................... -7.0 to +0.5V 

(Measured to DGND) ........................................................ , ........................................................................................... --0.5 to +0.5V 

Inputs 

CONV, CONV, FT, D1.12 (Measured to DGND)2 ....................................................................................................................... VEED to +0.5V 

REF+, REF·, Applied Voltage 
(Measured to AGND)2 ..... .......... ... . .............................................................. .. .................. VEEA to +0.5V 

REF+, REF-, Current, Externally Forced3.4 ................................................ , ................................................................................................. ±3mA 

Outputs 
OUT+, OUT-, Applied Voltage 

(Measured to AGND)2 
OUT+, OUT-, Current, Externally Forced3.4 .. 

.................................................................................................................. -2.0 to +2.0V 
. .......................................................... +50mA 

Short-Circuit Duration (Single Output to GND) .................................................................................................................................... unlimited 

Temperature 
Operating, ambient 

·(Plastic Package) ........................................................................................................................................................... -20 to +90°C 
(Ceramic Package) ...................................................................................................................................................... -60to+150°C 

Junction 

(Plastic Package) ....................................................... : ............................................................................................................. + 140°C 

(Ceramic Package) .................................................................................................................................................................. +200°C 

Lead, Soldering (10 Seconds) ................................... ; ................................................................................................................................. +300°C 
Storage ................................................................ , .. : .................................................................................................................... -65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only if the Operating Conditions are 
not exceeded. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 
4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max Units 

Fs Clock Frequency 0 50 Msps 

VEEO Negative Supply Voltage (Measured to DGND) -4.9 -5.2 -5.5 v 

VEEA Negative Supply Voltage (Measured to AGND) -4.9 -5.2 -5.5 v 

VAGND Analog Ground Voltage {Measured to DGNDI n' nn n' v -u.1 u.u u.' 

VEEA Negative Supply Voltage (Measured to VEEO)l -20 0 20 mV 

tPWL CONV Pulse Width LOW (FS~40 Msps) 10.5 ns 

CONV Pulse Width LOW (Fs<40 Msps) 11 ns 

tPWH CONV Pulse Width HIGH (FS~40 Msps) 8 ns 

CONV Pulse Width HIGH (FS<40 Msps) 9 ns 

ts Setup Time, Data to CONV 17 ns 

tH Hold Time 0 ns 

tSF Setup Time, Data to FT 7 ns 

tHF Hold Time, Data to FT 24 ns 

VIL Input Voltage, Logic LOW -1.55 v 

V1H Input Voltage, Logic HIGH -1.05 v 

VREF Reference Voltage (REF-) -0.7 -1.0 -1.3 v 

IREF Reference Current (REF+) 400 625 700 µA 

Cc Compensation Capacitor 0.01 0.1 µf 

TA Ambient Temperature, Still Air 0 70 oc 

Note: 1. A common power supply isolated with ferrite bead inductors is recommended for VEEA and VEED· This is shown in the Typical Interface Circuits. 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

IEEA+llEED VEEA=VEEO=Max,static T A=O to 70°C -180 mA 

TA=70°C -150 mA 

CREF Reference Input Capacitance 15 pF 

C1 Digital Input Capacitance 15 pF 

voe Compliance Voltage -1.2 1.2 v 

Ro Output Resistance 12 kQ 

Co Output Capacitance 45 pF 

IQ Full-Scale Output Current IREF=625µA 40 mA 

llL Input Current, Logic LOW VEE=Max, V1=0.4V -10 200 µA 

llH Input Current, Logic HIGH VEE=Max, V1=2.4V -10 200 µµA 
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Switching characteristics 

Parameter Test Conditions 

toe Clock to Output Delay VEEA. VErn=Min, FT =LOW 

too Data to Output Delay VEEA. VErn=Min, FT =HIGH 

toF FT to Output Delay VEEA. VErn=Min 

tR Risetime1 90% to 10% of FSR, 

FT=LOW 

tF Falltime1 10% to 90% of FSR, 

FT=LOW 

ts ET Settling Time, Voltage FT =LOW, Full-Scale 

Voltage transition 

on IOUTto 0.1% FSR 

Note: 1. Clocked Mode 

System performance characteristics 

Parameter Test Conditions 

ELD Differential Linearity Error VEEA. VErn. IREF = Nom1 
TDC1141 

TDC1141-1 

Eu Integral Linearity Error VEEA. VErn. IREF = Noml 
TDC1141 

TDC1141-1 

Vos REF+ to REF- Offset Voltage 

IB REF- Input Bias Current 

EG Absolute Gain Error VEEA. VErn. IREF =Norn 

IOF Output Offset Current VEEA. VEED= Max, D1-12 =LOW 
PSRR Power Supply Rejection Ratio VEEA. VErn. IREF = Nom2 
PSS Power Supply Sensitivity VEEA. VEED = ±4%, IREF =Norn 

GA Peak Glitch Area 

Note: 1. OUT- connected to AGNO. OUT- driving virtual ground. 

2. 120Hz. 60DmV p-p ripple on VEE and Vee 
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Temperature Range 

Standard 
Min Typ Max Units 

20 ns 

25 ns 

30 ns 

2 4 ns 

2 4 ns 

12 20 ns 

Temperature Range 

Standard 
Min Typ Max Units 

±0.1 % 

±0.05 % 

±0.1 % 

±0.05 % 
-10 +10 mV 

5 µA 
-5 5 % 
-5 +5 µA 

-50 dB 

-140 µAN 
40 pV-sec 
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Typical Performance Curves (Typical Settling Time Charactersitics) 

A. Full-Scale Output Transition, Rising Edge 

Conditions 
Output Load: RL = 25Q 

CL<5pF 
Temp: Ambient 
Supply Voltages: Nominal 

-1.0060 --. ............................................................................................... u..1 

Ons 
TIME(ns) 

200ns 

21596A 

C. Typical Settling Time vs. Settling Accuracy 

!1.0 

t0.5 
w 
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U? 
-' 
-' ::> 
u. 
u. 
0 ,,._ 

t0.1 

a z .. 
t0.05 m 

a: 
0 a: 
a: 

t0.024 w 

t0.012 
t0.010 

5 

Conditions 

Output Load: RL = 25Q 
CL<5pF 

Temp: Ambient 
Supply Voltages: Nominal 

10 15 20 25 
FULL· SCALE SETTLING TIME (ns) 
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30 

21348.1A 

8. Full-Scale Output Transition, Falling Edge 

Conditions 
Output Load: RL = 250 

CL<5pF 
Temp: Ambient 
Supply Voltages: Nominal 

-1.0368 .......................................................................................................................................... ........ 
Ons 

TIME(ns) 
200ns 

21597A 

D. Typical Supply Current vs. Temperature 

.. 
E 
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-;;:, ·120 
2!.J 

-110 

·100'---"--..__...__..._ _ _.__ ...... ____ _.... _ _. 
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TEMPERATURE 'C 21349A 
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Applications Information 

There are three major DI A architectures: segmented. 
weighted current sources. and R-ZR. In segmentated 
DI A converters there is one current source for each 
possible output level. The current sources are equally 
weighted and for an input code of N, N current sources 
are turned on. AnN bit segmented DIA has 2N current 
sources. A weighted current source DIA has one current 
source for each bit of input with a binary weighting for the 
current sources. In an R-2R DI A. there is one current 
source per bit, and a resistor network which scales the 
current sources to have a binary weighting. 

When transitioning from a code of 0111111111 to 
1000000000, both the R-2R DIA and Binary weighted 
DIA are turning some current sources on while turning 
others off. If the timing is not perfeGt.·there is a moment 
where all current sources are either on or off. resulting in 
a glitch. In a segmented architecture, 511 of the current 
sources remain on, and one more is turned on to increment 
the output with no possibility of a glitch. 

The TDC1141 uses a hybrid architecture with the 6 MSBs 
segmented, and the 4 LSBs from a R-2R network. The 
result is a converter which has very low glitch energy, and 
a moderate die size. 

Layout, Power and Grounding 

The layout of grounds in any system is an important 
design consideration. Separate analog and digital grounds 
are provided on the TDC1141. All ground pins should be 
connected to a common low-noise. low-impedance 
groundplane. This groundplane should be common for the 
TDC1141 and all of its immediate interface circuitry, which 
ihcludes all of the reference circuitry, the output load 
circuitry, and all of the power supply decoupling 
components. 

The digital driving logic should use a separate system 
ground, and this ground should be connected (typically 
through a ferrite bead inductor) to the analog groundplane 
in only one place. The analog and digital grounds may 
be connected in other ways if required by the user's 
system grounding plan. however. the voltage differential 
between the AGND and DGND pins must be held to within 
±0.1 Volt. 

114 

Output Termination 

The recommended output termination is 25!2. This can be 
provided by placing a 50!2 source resistor between the• 
output pin and ground, then driving a 50Q transmission 
line. With this load, the output voltage range of the 
converter is 0 to -1.0V. If a load is capacitively coupled to 
the TDC1141. it is recommended that a 25!2 load at DC. as 
seen by the TDC1141. continue to be maintained. The 
output voltage should be kept within the output compliance 
voltage range, Voe. as specified in the Electrical 
Characteristics Table. or the accuracy may be impaired. 

See Figure Bfor a suggested circuit for achieving a bipolar 
output voltage range. Optimum DC linearity is obtained by 
using a differential output either with a balun. or an 
operational amplifier in the differential mode. If it is 
desired that the TDC1141 be operated in a single ended 
fashion. the unused output should be connected directly to 
ground as is shown in Figure 9. The CONV signal provided 
to the TDC1141 must be as free from clock jitter as 
possible. Clock jitter is the random cycle-to-cycle variation 
in clock period. CONV clock jitter will effectively appear at 
the output as phase noise. A value of 1 Ops or less for clock 
jitter is recommended for the highest performance 
applications. Ordinary crystal oscillators are satisfactory. 
High-performance synthesizers. such as the HP8662, used 
to trigger a precision pulse generator, are also s9tisfactory, 
although not as jitter free as a crystal oscillator. 

Driving a 75!2 Transmission line 

The TDC1141 has been optimized to operate with a 
reference current of 625µA. Significantly increasing or 
decreasing this current may degrade the performance of 
the device. If it is desired that the device drive a 37 .5n 
load (75Q source termination driving 75!2 transmission 
line) rather than the 25!2 suggested load. then VREF should 
be held at 1V and IREF reduced to 417µA. This will result in 
a 1 V p-p voltage being generated at the DAC output. 
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Figure 7. Typical Interface Circuit with Balun Output 

LEGEND 
SYMBOL CIRCUIT 

To 
·5.2V 
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D4 
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Figure 8. Typical Interface Circuit with Bipolar, Differential Mode Operational Amplifier Output 

LEGEND 
SYMBOL CIRCUIT 

*To 
·5.2V 

10H176 12 x 50 OHM REF+ REF- cOMP AGND DGND 
)--lii.:'"""'-aa1:1-----li~A.N\,--M D1 (MSB) 
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r--~...llJl../V-_,.. D10 (LSB) 

CLK 

TDC1141 

·5.2V 

100 

21594A 
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Figure 9. Typical Interface Circuit with Resistive Load Output 

LEGEND 
SYMBOL CIRCUIT 

To 
-5.2V 
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Ordering Information 

Product Number Temperature Range Screening Package Package Marking 

TDC1141R3C TA=0°C to 70°C Commercial Plastic Chip Carrier 1141R3C 

TDC1141R3C1 T A=0°C to 70°C Commercial Plastic Chip Carrier 1141R3C-1 

Al I parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right to 
change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

life Support Policy 

TRW LSI Products Inc. components are not designed for use rn life support applications. wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury The user of TRW LSI Products Inc. components in life support applications assumes all rrsk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 
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TDC1318 

Digital-to-Analog Converter 
Triple 8-Bit, 200MHz 

The TDC1318 consists of three separate 8-bit video D/A 
converters in a single monolithic integrated circuit. The 
TOCl 318 is designed for 200MHz operation and is ECL 
compatible. Each of the three D/A converters has 
complementary current-sinking outputs that can directly 
drive 75 Ohm lines to 1Vp-p. 

Video controls, SYNC and BLANK, are included for 
setting video output levels during synchronization and 
CRT blanking intervals. OVERLAY, a 110% white control, 
is useful for emphasizing portions of a CRT display and 
for cursor identification. All data and control inputs to 
the TDC1318 are internally registered on the rising edge 
of the clock (CONV). 

A single band-gap voltage source is the reference for all 
three D/A converters and a single external resistor 
determines the reference current. The pinout of the 
TDC1318 allows for optimum board layout and minimizes 
digital feedthrough. Analog and digital grounds are kept 
separate for maximum system ground flexibility. 

Functional Block Diagram 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

REGISTER 

Features 
• Complete, Monolithic, "Graphics-Ready" 
• Three 8-Bit D/A Converters 
• Registered Data Inputs 
• Registered SYNC, BL!l.NK Arid OVERLAY Controls 
• On-Board Voltage Reference 
• Linearity Error Less Than 1 /2 LSB 
• 200MHz Operation, ECL Compatible Inputs 
• Complementary Current Outputs 
• Single - 5.2V Power Supply Required 
• Can Be Operated In TTL Systems 
• Available In A 40 Pin DIP 

Applications 
• Raster Scan Displays 
• Bit-Mapped Graphics 
• PC Graphics Systems 
• CAD/CAM Workstations 

OUT+o 

SEGMENT AND CDNTllDL 
19 alARENT SWITCHES 

DUT-s 

SEGMENT AND CONTRm 
19 CURRENT SWITCHES 
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TDC1318 

Pin Assignments 

VEEA 1 IQ] 40 VEED 
REF+ 2 39 Dee (B LSBJ 

COMP 3 38 079 
BLANK 4 37 Dse 

OVERLAY 5 36 059 
DUT+e 6 35 049 
OUT-9 7 34 039 
OUT+R 8 33 028 
OUT-R 9 32 D1e (8 MSBI 
OUT+G 10 31 DeR (R LSBJ 
OUT-G 11 30 D7R 

SYNC 12 29 D5R 
CDNV 13 28 D5R 

(G MSBJ DIG 14 27 D4R 
D2G 15 26 D3R 
D3G 16 25 D2R 
D4G 17 24 D1R (R MSB) 
D5G 18 23 DsG (G LSBI 
D5G 19 22 D7G 

VccA 20 21 Vcco 

40 Pin CERDIP - B5 Package 

Functional Description 

General Information 

The TDC1318 has three pairs of complementary analog 
current outputs for directly driving the 75 Ohm red, 
green and blue inputs of an RGB color video monitor. 
The current flowing into each output terminal is 
proportional to the product of the 8-bit input data and 
the analog reference current. All digital inputs are 
compatible with standard (10K) ECL logic levels. The 
rising edge of CONVert latches all data and control 
inputs into an internal register. These binary data values 
are then converted into analog output current by a set 
of matched current switches. 

Power 

For optimum noise immunity, the TDC1318 operates from 
separate - 5.2V analog and digital power inputs, VEEA 
and VEED· These may be connected to the same power 
source but separate power supply decoupling for each 
power input is recommended. The return path for IEED· 
the current drawn from the VEED supply, is VcCD· The 
return path for IEEA is VcCA· All power input terminals 
must be connected. 

120 

Although the TDC1318 is specified for a - 5.2V supply, 
operation from + 5V is possible provided that the correct 
polarity of all voltages are maintained. For additional 
information concerning the use of ECL DIA converters in 
a + 5V system, refer to TRWApplication Note TP-33 
"Using The TDC1018 And TDC1034 In A TTL 
Environment." 

Reference 

The TDC1318 has an on-board band-gap voltage source 
(-1.3V, nominal) that is referenced to VcCA· The refer­
ence input, REF+, is the noninverting input of the 
reference amplifier. This amplifier provides a reference 
voltage for all of the current switches. 

The analog output current is proportional to the digital 
data and the reference current, IRff The full-scale 
output current may be adjusted by varying the reference 
current. A compensation input, COMP, is provided to 
externally compensate the internal reference amplifier. A 
capacitor, Cc, should be connected between COMP and 
VEEA· 

Convert 

The TDC1318 CONV clock is a single-ended ECL 
compatible input whose rising edge synchronizes the 
internal data transfer from the data encoder into the 
current switches of the three DIA converters. 

Video Controls 

The TDC1318 has three video control inputs: SYNC, 
BLANK and OVERLAY. Internal logic simplifies the use of 
these controls in video applications. All are ECL 
compatible and include internal pull-down resistors to 
force any unused control to the inactive state. The video 
controls are registered on the rising edge of the CONV 
clock input. Video control inputs must be valid for the 
set-up time, ts, before and for the hold time, tH, after 
the rising edge of CONV. 

Asserting the video controls produces output levels for 
synchronization and blanking intervals and the 110% 
white overlay function. The effects of the video controls 
on the analog outputs are shown in the Input Coding 
Table. SYNC overrides data, BLANK and OVERLAY, 
producing a full-scale output on OUT- G and OUT+ G 
only while forcing the remaining four outputs to the 

TRW LSI Products Inc. 
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Video Controls (cont.) 

blanking level. BLANK overrides data and OVERLAY 
producing a "blacker than black" video level on all three 
D/A converters. OVERLAY overrides input data and forces 
the output of all three D/A converters to a level 10 % 
whiter than white. 

channel (OUT- G· OUT+ Gl· When SYNC is asserted, only 
the green channel will output the standard sync level. 
The red and blue channels output the blanking level. The 
Input Coding Table and Figures 1 and 2 show this 
effect. 

Analog Outputs Data Inputs 

The data inputs to the TDC1318 are sing!e-ended and 
are each high-impedance complementary current sinks 
whose currents vary in proportion to the input data, 
video control inputs and reference current. All outputs 
are capable of directly driving 75 Ohm lines to standard 
video levels shown in Figures 1 and 2. The voltage 
produced across the load is the product of the output 
current and the net load impedance. This voltage varies 
between 0 and -1V when driving a 75 Ohm line with 
source and destination termination. For optimum dynamic 
performance all six analog outputs should have the same 
load resistance. 

ECL compatible with internal pull-down resistors to force ~ 
unused pins to the inactive state. The names red, green ~ 
and blue are arbitrarily assigned to the three O/A 
converters but the SYNC control affects only the one 
named green. 

The OUT- G terminal will produce a "sync down" 
waveform while the OUT+ G terminal will produce a 
"sync up" waveform. SYNC applies only to the green 

The eight data bits for each D/A converter are decoded 
prior to being latched in the data· register. This reduces 
glitch energy caused by small differences in propagation 
delay (skew) in the path to the current switches. On the 
rising edge of CONV, all data is synchronously transferred 
to the three D/A converters. Data must be valid for a 
set-up time, ts. before and a hold time, tH. after the 
rising edge of CONV. 

Package Interconnections 

Signal Signal 
Type Name Function Value 85 Package Pins 

Power VccA Positive Analog Power Input o.ov 20 

VccD Positive Digital Power Input o.ov 21 

VEEA Negative Analog Power Input -5.2V 1 

VEED Negative Digital Power Input -5.2V 40 

Reference REF+ Reference Current Input 2 

COMP Compensation Capacitor Cc 3 

Convert CONV Convert !Clock) Input EGL 13 

Video Controls SYNC Video SYNC Data Input EGL 12 

BLANK Video BLANK Data Input EGL 4 

OVERLAY Video OVERLAY Data Input EGL 5 

Analog Outputs OUT-G Green Channel~ Output Current Figure 1 11 

OUT +G Green Channel+ Output Current Figure 2 10 

OUT-R Red Channel - Output Cur.rent Figure 1 9 

OUT +R Red Channel+ Output Current Figure 2 8 
OUT-B Blue Channel- Output Current Figure 1 7 

OUT +B Blue Channel+ Output Current Figure 2 6 
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Package Interconnections (cont.) 

Signal Signal 
Type Name Function Value B5 Package Pins 

Data Inputs DlG Green Channel MSB Data Input ECL 14 

D2G ECL 15 

D3G ECL 16 

D4G ECL 17 

D5G ECL 18 

D6G ECL 19 

D7G ECL 22 

DsG Green Channel LSB Data Input ECL 23 

Drn Red Channel MSB Data Input ECL 24 

D2R ECL 25 

D3R ECL 26 

D4R ECL 27 

D5R ECL 28 

DsR ECL 29 

Drn ECL 30 

DaR Red Channel LSB Data Input ECL 31 

DlB Blue Channel MSB Data Input ECL 32 

D2B ECL 33 

D3B ECL 34 

D4B ECL 35 

D5B ECL 36 

Des ECL 37 

D1B ECL 38 

Das Blue Channel LSB Data Input ECL 39 

Input Coding Tables 

Green Channel (OUT - G· OUT+ Gl 

SYNC BLANK OVERLAY DATA louT-lmAI VouT-lmVI louT+!mAJ VouT+!mVJ OUTPUT 
MSB LSB 

0 0 1 xxxxxxxx 0.00 0 -28.56 -1071 110% White 

0 0 0 11111111 -1.95 -73 -26.61 -998 Ref. White 

0 0 0 00000000 -19.41 -728 -9.15 -343 Ref. Black 

0 1 x xxxxxxxx -20.83 -781 - 7.73 -290 Blank 

1 x x xxxxxxxx -28.56 -1071 0.00 0 Sync 

Red and Blue Channels (OUT - R• OUT - B• OUT+ R• OUT+ Bl 

SYNC BLANK OVERLAY DATA louT-lmAJ VouT-lmVI 'ouT+!mAl VouT+!mVl OUTPUT 
MSB LSB 

0 0 1 xxxxxxxx 0.00 0 -20.83 -781 110% White 

0 0 0 11111111 -1:95 -73 -18.88 -708 Ref. White 

0 0 0 00000000 -19.41 -728 -1.42 -53 Ref. Black 

0 1 x xxxxxxxx -20.83 -781 0.00 0 Blank 

1 x x xxxxxxxx -20.83 -781 0.00 0 Blank 

Note: 1. VouT is measured across a 37.5 Ohm load resistor connected between the output terminal and VcCA· 
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Figure 1. Video Output Waveforms For All OUT- Terminals 
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Figure 2. Video Output Waveforms For All OUT+ Terminals 
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Figure 3. Timing Diagram 

DATA, 
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Figure 4. Equivalent Input Circuits 
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Absolute maximum ratings !beyond which the device may be damagedl 1 

Power Supply Voltages 

VEEA !measured to VccAI ......................................................................................................................................................................................... +0.5 to -7.0V 

VEED !measured to Vccol ......................................................................................................................................................................................... +0.5 to -7.0V 

VccA !measured to Vccol ........................................................................................................................................................................................ +0.5 to -0.5V 

VEEA (measured to VEEOI ......................................................................................................................................................................................... +0.5 to -0.5V 

Inputs 

Digital Inputs, applied voltage !measured to Vcco11 .......................................................................................................................................... +0.5 to VEEDV 

REF+. applied voltage (measured to VccAI i ....................................................................................................................................................... +0.5 to VEEAV 

REF+, applied current3,4 .......................................................................................................................................................................................................... 6.0mA 

Outputs 
Applied voltage I measured to V CCAl 1 .................................................................................................................................................................... + 2.0 to - 2.0V 

Applied current 3,4 ........................................................................................................................................................................................................................ 50mA 

Short circuit duration ............................................................................................................................................................................................................ Unlimited 

Temperature 
Operating, ambient .................................................................................................................................................................................................... -60 to + 140°C 

junction .................................................................................................................................................................................................................... + 175"C 

Lead, soldering 110 seconds! .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -60 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 

Operating conditions 

Temperature Range 
Standsd 

Parameter Min Nom Max Units 

VEED Digital Supply Voltage !measured to Vccol -4.B -5.2 -5.5 v 
VEEA Analog Supply Voltage !measured to VccAI -4.B -5.2 -5.5 v 

VcCA-vcco Supply Voltage Differential -0.1 0.0 +0.1 v 

VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 v 

VIL Input Voltage, logic LOW -1.49 v 
V1H Input Voltage, Logic HIGH -1.00 v 
1PWL CONV Pulse Width, LOW 48 50 52 % Duty Cycle 

tPWH CONV P~se Width, HIGH 48 50 52 % Duty Cycle 

ts Setup Time, Digital Inputs 2.0 ns 

tH Hold Time, Digital Inputs 2.0 ns 

IREF Reference Current 1.00 1.115 1.30 mA 

Cc Compensation Capacitor 2700 10,000 pf 

TA Ambient Temperature 0 70 oc 

TRW LSI Products Inc. 125 



TDC1318 ii~irrr 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

IEEA + IEED Supply Current VEEA = VEED = MAX, static I 

TA " 0°c to 70°C -380 mA 

TA= 10°c -350 mA 

Co Output Capacitance 20 pF 

lo Max Output Current VEEA = NOM, SYNC = HIGH 30 mA 

Voe Compliance Voltage Measured to V CCA -1.2 + 1.5 v 

11L Input Current, Logic LOW VEED = MAX, VIN = -1.45V 250 µA 

l1H Input Current, Logic HIGH VEEO = MAX, VIN = -1.00V 310 µA 

lie Input Current, Controls VEED = MAX, -1.45< V1N< -1.0 510 µA 

CIN Input Capacitance, Digital 15 pF 

Note: 
1. Worst case over all data and control states. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Fs Maximum Data Rate VEEA• VEED = Min 200 MHz 

ta Clock to Output Delay VEEA, VEED = Min 7 ns 

tR Rise Time, Current 10% to 90% of Gray Scale 2.0 ns 

tF Fall Time, Current 90% to 10% of Gray Scale l.3 ns 

ts ET Current Settling Time VEEA• VEED = Min, to 3.2% 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max 

Eu Linearity Error Integral, Terminal Based VEEA, VEED• IREF " Norn 0.2 

ELD Linearity Error Differential VEEA• VEED, IREF " Norn 0.2 

loF Output Offset Current VEEA· VEED - Max, SYNC - BLANK • LOW 10 
OVERLAY • HIGH 

EG Absolute Gain Error VEEA, VEED • Min 7 

TCG Gain Error Tempco IREF • Norn .06 

PSRR Power Supply Rejection @20kHz, VEEA· VErn. IREF • Norn 1 45 

@60Hz, VEEA, VEED• IREF • Norn 2 46 

PSS Power Supply Sensitivity VEEA, VEED, IREF • Norn 120 

Ge Peak Glitch Charge 800 

G1 Peak Glitch Current 1.2 

GE Peak Glitch Energy !Area) 5 30 

Notes: 
1. 20kHz, 0.75 Volts p-p superimposed on VEEA and VEED Units ldBI are relative to full gray scale. 

2. 60Hz, 0.75 Volts p-p superimposed on VEEA and VEED Units ldBI are relative to full gray scale. 

3. Units ldBI are relative to full gray scale. 

4. !Coulomb ~ femtocoulombs ~ microamps x nanoseconds. 

5. 37.5 Ohm resistive load Glitches tend to be symmetric, average glitch energy approaches zero. 

Typical Performance Curves 

A. Power Supply Current vs. Power Supply Voltage B. Power Supply Current vs. Temperature 
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C. Current Gain vs. Temperature 
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E. VouT Risetime (Scope Photo) Video "Black-to-White" Transition. 

CONV 
(500 mV/divl 

- WHITE 

louT-
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F. VouT Falltime (Scope Photo) 
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128 TRW LSI Products Inc. 



TDC1318 

Typical Interface Circuit 

Figure 7 shows the basic connections to the TDC1318 as it 
might appear in a color CRT graphics system. The device is 
powered from a single -5.2 Volt power supply and is 
connected to separate analog and digital grounds. All digital 
inputs are single-ended and ECL compatible. Standard ECL 
termination practice should be used with all digital inputs to 
the TDC1318. The series resistor network between the REF+ 
input and analog ground is useful for adjusting the overall gain 
of all three O/A converters. 

In this application, all three O/A converters are connected to 
drive 75 Ohm lines to inputs of a color monitor. Source and 
destination terminating resistors are required for optimum 

Figure 7. Typical Interface Circuit 

~ [ DATA 

-{ DATA 

TDC1318 

u•[ DATA 

VIDEO { 
CONTROLS 

CLOCK CONV 

0.1µF;f, 

-5.2V 

TRW LSI Products Inc. 

dynamic performance. Using the OUT - terminals, a "sync 
down" waveform will be provided at the monitor inputs. The 
unused outputs lin this case OUT+ R· OUT+ G and OUT+ sl 
should be connected to analog ground through 37.5 Ohm 
resistors. 

The TDC1318 can be operated in TTL systems by connecting 
the Vee inputs to the + 5 Volt power supply and the VEE 
inputs to ground. Digital input and analog output level-shifting 
techniques described the TRW Application Note TP-33 "Using ~ 
The TDC1018 And TDC1034 In A TTL Environment" should be ~ 
followed. 

75 OHM LINE 

VIDEO ttr· 
75 OHM LINE 

OUT-o 

~ 
GREEN 
VIDEO 

DUT+o 

75 OHM LINE 

~ 
BWE 
VIDEO 
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Calibration 

The TDC1318 is easy to use and calibrate. The Typical 
Interface Circuit (Figure 7) has only one adjustment. 
The variable resistor in the series network connected to 
REF+ will allow a ± 10 % variation in the overall gain of 
the device. Since all three DIA converters are operated 
from the same reference current, adjusting the variable 
resistor will change the gain of all three DIA converters. 

Ordering Information 

Product Temperature Range 
Number 

TDC1318B5C STD-TA=0°C to 70°C 

The circuit of Figure 7 is best calibrated by enabling 
either BLANK or SYNC and adjusting the reference 
current until the voltage at the monitor input is - 781 mV 
(BLANK) or -1071mV (SYNC, green channel) with 
respect to analog ground. Depending upon system to 
system matching requirements, a fixed value resistor 
(approximately 1.1 kOhm) may be connected between 
REF+ and analog ground eliminating the need to 
calibrate the TDC1318 at all. 

Screening Package Package 
Marking 

Commercial 40 Pin CERDIP 131885C 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 
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Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal 'injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Digital-to-Analog Converter 
Triple 4-Bit, 200MHz 

The TDC1334 consists of three separate 4-bit D/A 
converters in a single monolithic integrated circuit. The 
TDC1334 is designed for 200MHz operation and is ECL 
compatible. Each of the three D/A converters has 
complementary current-sinking outputs that can directly 
drive 75 Ohm lines. 

Video controls, SYNC and BLANK, are included for 
setting video output levels during synchronization and 
CRT blanking intervals. BRIGHT, a 10 % brightness 
enhancement control, is useful for emphasizing portions 
of a CRT display and for cursor identification. All data 
and control inputs to the TDC1334 are internally 
registered on the rising edge of the clock !CONV). 

A single band-gap voltage source is the reference for all 
three DIA converters and a single external resistor 
determines the reference current. The pinout of the 
TDC1334 allows for optimum board layout and minimizes 
digital feedthrough. Analog and digital grounds are kept 
separate for maximum system ground flexibility. 

Functional Block Diagram 
SYNC ---------1 

BLANK 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

REGISTER 

II~·· 
Features 
• Complete Monolithic "Graphics-Ready" 
• Three 4-Bit D/A Converters 
• Registered Data Inputs 
• Registered SYNC. BLANK And BRIGHT Controls 
• On-Board Voltage Reference 
• Linearity Error Less Than 1 /8 LSB 
• Guaranteed Monotonicity 
• 200MHz Operation, ECL Compatible Inputs 
• Can Be Operated In TTL Systems 
• Complementary Current Outputs 
• Single - 5.2V Power Supply Required 
• Available In A 28 Pin CERDIP Package 

Applications 
• Raster Scan Displays 
• Bit-Mapped Graphics 
• PC Graphics Systems 
• CAD/CAM Workstations 

15 

15 

SEGMENT AND CDNTRDl 
CURRENT SWITCHES 

SEGMENT AND CDNTRDL 
CURRENT SWITCHES 

SEGMENT AND CONTROL 
CURRENT SWITCHES 

SEGMENT 
VREF 
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Pin· Assignments 

VEEA 1 IQ] 28 VEED 
REF+ 2 XI D4e IB LSBI 

COMP 3 26 D3e 
BLANK 4 25 D2e 

BRIGHT 5 24 D1e IB MSBI 
OUT+e 6 23 D4ff (R LSBI 
OUT-e 7 22 D3R 
OUT+R 8 21 D2R 
OUT-R g 20 DIR IR MSBI 
OUT+G 10 19 D4G IG LSBI 
OUT-G 11 18 D3G 

SYNC 12 17 D2G. 
CONV 13 16 016 IG MSBI 

VccA 14 15 Vcco 

28 Pin CERDIP ~ B6 Package 

Functional Description 

General Information 

The TDC1334 has three pairs of complementary analog 
current outputs for directly driving the 75 Ohm red. 
green and blue inputs of a RGB color video monitor. The 
amplitude of the current flowing into each output 
terminal is proportional to the product of the 4-bit input 
data and the analog reference current. All digital inputs · 
are compatible with standard (10Kl ECL logic levels. The 
rising edge of CONVert clocks all data and control bits 
into an internal register. These binary data values are 
then converted into analog output current by a set of 
matched current switches. 

Power 

For optimum noise immunity, the TDC1334 operates from 
separate analog and digital power inputs, VEEA and 
VEED· which require - 5.2V. These may be connected to 
the same power source but power supply decoupling for 
each power input is recommended. The return path for 
IErn. the current drawn from the VEED supply, is VcCD· 
The return path for IEEA is VccA All power input pins 
must be connected. 

Although the TDC1334 is specified for a - 5.2V supply; 
operation from + 5V is possible, provided that the correct 
polarity of all voltages are maintained. For additional 
information concerning the use of ECL D/A converters in 

132 

a + 5V system, refer to TRW Application Note TP-33 
"Using The TDC1018 And TDC1034 In A TTL 
Environment." 

Reference 

The TDC1334 has an on-board band~gap voltage source 
(-1.4V, nominal) that is referenced to VccA The 
reference input, REF+, is the noninverting input of the 
reference amplifier. This amplifier provides a reference 
voltage for all of the current switches. 

The analog output currents are proportional to the digital 
data and the reference current, IRff The full-scale 
output value may be adjusted by varying the reference 
current. Since the reference can be varied dynamically, 
the stability of the analog output depends upon the 
stability of IREf. 

A compensation input, COMP, is provided to externally 
compensate the internal reference amplifier. A capacitor, 
Cc. should be connected between COMP and VEEA 

Video Controls 

The TDC1334 has three video control inputs: SYNC, 
BLANK and BRIGHT. Internal logic simplifies the use of 
these controls in video applications. All are ECL 
compatible and include internal pull-down resistors to 
force any unused control to the inactive state. The video 
controls are registered on the rising edge of the CONV 
clock input. Video control inputs must be valid a set-up 
time, ts. before and a hold time, tH. after the rising 
edge of CONV. 

Asserting the video controls produces output levels for 
synchronization and blanking intervals, and 10 % 
brightness enhancement. The effects of the video 
controls on the analog outputs are shown in the Input 
Coding Table. SYNC overrides data, BLANK and BRIGHT. 
producing a full-scale output on OUT- G and OUT+ G 
only. BLANK overrides data and BRIGHT producing a 
"blacker than black" video level on all three D/A 
converters. BRIGHT creates an enhanced video level by 
adding 10% to the present value of the red, green and 
blue data. 

Data Inputs 

The data inputs to the TDC1334 are single-ended and 
ECL compatible with internal pull-down resistors to force 
unused pins to the inactive state. The names, red, green 
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Data Inputs (cont.) 

and blue, are arbitrarily assigned to the three D/A 
converters but the SYNC control affects only the one 
named green. The four data bits for each D/A converter 
are decoded prior to being latched in the data register, 
reducing glitch energy caused by small differences in 
propagation delay (skew) in the path to the current 
switches. On the rising edge of CONV, all data is 
synchronously transferred to the three D/A converters. 
Data must be valid for a set-up time, ts. before and a 
hold time, tH, after the rising edge of CONV. 

Convert 

The TDC1334 CONV clock is a single~ended ECL 
compatible input whose rising edge is used to 
synchronize the internal data transfer from the data 
encoder into the current switches of the three D/A 
converters. 

Package Interconnections 

Signal Signal 
Type Name 

Analog Outputs 

The red, green and blue analog outputs of the TDC1334 
are each high-impedance complementary current sinks 
whose currents vary in proportion to the input data, 
video control inputs and reference current. All outputs 
are capable of directly driving 75 Ohm lines to normal 
video levels. The voltage produced across the load is the 
product of the output current and the net load 
impedance. This voltage varies between 0 and -1V 
when driving a 75 Ohm line with source and destination 
termination. The OUT- G terminal will produce a "sync 
down" waveform while the OUT+ G terminal will produce 
a "sync up" waveform. SYNC applies only to the green 
channel (OUT- G· OUT+ G). There is no SYNC circuitry 
for the red and blue channels. This results in no SYNC 
offset on the OUT+ R and OUT+ B terminals. The Input 
Coding Table shows this effect. 

Function Value 86 Package Pins 

Power VccA Positive Analog Power Input o.ov 14 

VccD Positive Digital Power Input O.OV 15 

VEEA Negative Analog Power Input -5.2V 1 

VEED Negative Digital Power Input -5.2V 28 

Reference REF+ Reference Current Input 1.17mA Norn. 2 
COMP Compensation Capacitor 2700pF 3 

Video Controls SYNC Video Sync Input ECL 12 

BLANK Video Blanking Input ECL 4 

BRIGHT Brightness Enhancement Input ECL 5 

Data Inputs D1G Green Channel MSB Data Input ECL 16 

D2G ECL 17 

D3G ECL 18 

D4G Green Channel LSB Data Input ECL 19 

Drn Red Channel MSB Data Input ECL 20 

D2R ECL 21 

D3R ECL 22 

D4R Red Channel LSB Data Input ECL 23 

Drn Blue Channel MSB Data Input ECL 24 

D2B ECL 25 

D3B ECL 26 

D4B Blue Channel LSB Data Input ECL 27 
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Package Interconnections (cont.) 

Signal Signal 
Type Name Function Value B& Package Pins 

Convert CONV Convert !Clock) Input EGL 13 

Analog Outputs OUT-G Green Channel- Output Current Figure 1 11 

OUT +G Green Channel+ Output Current Figure 2 10 

OUT-R Red Channel- Output Current Figure 1 9 

OUT +R Red Channel+ Output Current Figure 2 8 

OUT-B Blue Channel- Output Current Figure 1 7 

OUT +B Blue Channel+ Output Current Figure 2 6 

Input Coding Tables 

Green Channel (OUT - G• OUT+ GI 

SYNC BLANK BRIGHT OATA 'our-lmAI Vour-lmVI 'our +lmAI Vour +lmVI Description 

0 0 1 1111 0.00 0 -28.56 -1071 Enhanced White 

0 0 0 1111 -1.95 -73 -26.61 -998 Normal White 

0 0 1 0000 -17.44 -654 -11.12 -417 Enhanced Black 
0 0 0 0000 -19.41 -728 -9.15 -343 Normal Black 

0 1 x xx xx -20.83 -781 -7.73 -290 Blank Level 
1 x x xx xx -28.56 -1071 0.00 0 Sync Level 

Red and Blue Channels (OUT - R· OUT - B· OUT+ R· OUT+ el 

SYNC BLANK BRIGHT DATA lour-lmAI Vour-lmVI lour +lmAI Vour +lmVI Description 

0 0 1 1111 0.00 0 -20.83 -781 Enhanced White 
0 0 0 1111 -1.95 -73 -18.88 -708 Normal White 

0 0 1 0000 -17.44 -654 -3.39 -127 Enhanced Black 
0 0 0 0000 -19.41 -728 -1.42 -53 Normal Black 

0 1 x xx xx -20.83 -781 0.00 0 Blank Level 

1 x x xxxx -20.83 -781 0.00 0 Blank Level 

Note: 1. VouT is measured across a 37.5 Ohm load resistor connected between the output terminal and VccA· 
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Figure 1. Video Output Waveforms All OUT- Terminals 
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Figure 2. Video Output Waveforms For All OUT+ Terminals 

SYNC 
o.o ----------------.-----~ 

OUT+o 

Vour+(mVJ 
Rt= 37.5 Ohms 

DUT+9 

-290 

-343 

-998 

-1071 

-53 

Vour+lmVJ 
Rt = 37.5 Ohms 

-JOB 

-781 

TRW LSI Products Inc. 

BLANK 
~----'- - - - -

NORMAL BLACK LEVEL T---------
16 "GRAY-SCALF' LEVELS 

,----'-'--J_ l ___ _!O~AL~Hl!!_lE~ ___ _ 

ENHANCED WHITE 

BLANK 

NORMAL BLACK LEVEL T---------
16 "GRAY-SCALE" LEVELS 

,_ ____ _.._,,_ J ___ N~M~W~E ~EL- ___ _ 

ENHANCED WHITE 

135 



TDC1334 

Figure 3. Timing Diagram 
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Figure 4. Equivalent Input Circuits 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Power Supply Voltages 

VEEA (measured to VccAI ......................................................................................................................................................................................... +0.5 to -7.0V 

VEED (measured to Vccal ........................................................................................................................................................................................ +0.5 to -7.0V 

VccA !measured to Vccal ........................................................................................................................................................................................ +0.5 to -0.5V 

VEEA !measured to VErnl ......................................................................................................................................................................................... +0.5 to -0.5V 

Inputs 

Digital Inputs. applied voltage !measured to Vccal 2 .......................................................................................................................................... +0.5 to VEEDV 

REF+, applied voltage (measured to VccA12 ....................................................................................................................................................... +0.5 to VEEAV 

_0_m-pu-ts~~~RE_F_+_._aP_P_lie_d_c_ur_re_nt_3._4_ .. _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .•.. _ ... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _ ... _ .... _ ... _ ... _ ... _6_.o_m_A_ ~ 

Applied voltage !measured to VccA12 .................................................................................................................................................................... +2.0 to -2.0V 

Applied current 3,4 ........................................................................................................................................................................................................................ 50mA 

Short circuit duration ............................................................................................................................................................................................................ Unlimited 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -60 to + 140°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -60 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current when flowing into the device. 

Operating conditions 

Temperatme Range 
Standard 

Parameter Min Nom Max Units 

VEED Digital Supply Voltage (measured to Vccol -4.7 -51 -5.5 v 
VEEA Analog Supply Voltage !measured to VccAI -4.7 -51 -5.5 v 

VccA-Vcco Supply Voltage Differential -0.1 0.0 +0.1 v 
VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 v 

VIL Input Voltage, Logic LOW -1.49 v 
V1H Input Voltage, Logic HIGH -1.045 v 

tPWL CONV Pulse Width, LOW 4 ns 

tPWH CONV Pulse Width, HIGH 4 ns 

ts Setup Time, Digital Inputs 0 ns 

tH Hold Time, Digital Inputs 2 ns 

IREF Reference Current 1.00 1.17 1.30 mA 

RAEF Reference Resistor 1200 g 

Cc Compensation Capacitor 1000 2700 pF 

TA Ambient Temperature 0 70 oc 
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Electrical characteristics within specified operating conditions 

Temperatll'e Range 
Standard 

Parameter Test Conditions Min Mex Units 

IEEA + IEED Supply Current VEEA • VEED = Max, static 1 

TA = 0°C to 70°C -290 mA 

TA - 10°c -220 mA 

Ro Output Resistance 50 kOhm 

Co Output Capacitance 20 pf 

lo Max Output Current VEEA - Norn, SYNC - HIGH 30 mA 

Voe Compliance Voltage Measured to V CCA -1.2 +1.5 v 

l1L Input Current, Logic LOW Data, CONV VEED - Max, VIN - -1.49V 135 µA 

llH Input Current, Logic HIGH Data, CONV VEED = Max, V1N = -1.045V 150 µA 

lie Input Current Video Controls VEED = Max, -1.045< V1N< -1.49 380 µA 

CREF Input Capacitance, REF+ 5 pf 

C1N Input Capacitance, Digital 5 pf 

Notes: 
1. Worst case over all daia and· control states. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Fs Maximum Data Rate VEEA, VEED - Min 200 MHz 

ta Clock to Output Delay VEEA, VEED - Min 8 ns 

tR Rise Time, Cu.rre11t 10% to 90% of Gray Scale 2 llS 

tF Fall Time, Current 90% to 10% of Gray Scale 2 ns 

tsET Current Settling Time VEEA• VEED = Min, to 3.2% 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Eu Linearity Error Integral VEEA, VEED, IREF = Norn O.B % of Gray Scale 

ELD Linearity Error Differential VEEA, VEEO, IREF = Norn 0.8 % of Gray Scale 

loF Output Offset Current VEEA, VEED = Max, SYNC - BLANK = LOW 10 µA 

Data = BRIGflT = HIGH, OUT - Terminals 

EG Absolute Gain Error VEEA, VEEO = Min 6 % of Gray Scale 

TCG Gain Error Tempco IREF = Norn .02 % of Gray Scale/°C 

BWR Reference Bandwidth Cc = Min 0.5 MHz 

PSRR Power Supply Rejection @20kHz, VEEA' VErn. IREF - Norn 1 45 dB 

@60Hz, VEEA, VEED, IREF • Norn 1 46 dB 

PSS Power Supply Sensitivity VEEA, VEEO, IREF = Norn 500 µAJV 

Ge Peak Glitch Charge 3 800 !Coulomb 

G1 Peak Glitch Current 1.2 mA 

GE Peak Glitch Energy !Area) 4 30 pV-sec 

Notes: 
1. 20kHz, 0.75 Volts p-p superimposed on VEEA and VEED- Units ldBI are relative to full gray scale. 

2. 60Hz, 0.75 Volts p -p superimposed on VEEA and VEED- Units ldBI are relative to full gray scale. 

3. fCoulomb = femtocoulombs = microamps x nanoseconds. 

37.5 Ohm resistive load. Glitches tend to be symmetric, average glitch energy approaches zero. 

Typical Performance Curves 

A. Power Supply Current vs. Power Supply Voltage B. Power Supply Current vs. Temperature 

-.... VEEA=VEEO= -5.2V 
TA=25°C --~'ru 

120 I-

- -------....___ _ - IEEA 
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a a ....... 
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g§ 110 = ..... = ' ::> ::> 

~ 
.., IEEO 

.., 

~ i 100 I-

iii 100 "' "' 
ffi ~ 90 t-;: 
0 0 ... ... 

' 90 ' 80 I- ...._ -.!,EEO 

' 
80 70 _u ..l. ..l. ..l. J. J. J 

-4 -4.75 -5 -5.2 -5.55 -6 -75 -55 -50 -25 25 50 75 100 125 

POWER SUPPLY VOLTAGE IV) TEMPERATURE l°CI 
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C. Max Output Current vs. Reference Current 0. Output Current vs. Output Voltage 
(Output Voltage Compliance) 

40 

10 

VEEA=VEEo=-5.2V 

SYNC= HIGH 

OUT -G TERMINAL 

-20 I II 
O'CI 1170'C 

25'C 

-1.2 

OUT -G TERMINAL 
BRIGHT =HIGH 
OATA=HIGH 
VEEA=VEE0=-5.2V 

+1.5 

100 200 400 600 800 1000 1200 1400 1600 1800 1900 -3 -2 -1 

REFERENCE CURRENT (u Al APPLIED VOLTAGE IDUT-G TERMINAL. MEASURED TO YccAl 

E. VouT Risetime (Scope Photo) Video "Black-to-White" Transition. 

CONY 
(500 mY/div) 

-- WHITE 

lour 
200 mY/div 

-- BLACK 

~ 2 ns/div ___. 

F. VouT Falltime (Scope Photo) 
Video "White-to-Black" Transition; 

CONY 
(500 mY/div) 

-- WHITE 

lour-
200 mY/div 

-- BLACK 

~ 2 ns/div ___. 
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Typical Interface Circuit 

Figure 7. shows the basic connections of the TDC1334 as it 
might appear in a color CRT graphics system. The device is 
powered from a single -5.2 Volt power supply and is 
connected to separate analog and digital grounds. All digital 
inputs are single-ended and ECL compatible. Standard ECL 
termination practice should be used with all digital inputs to 
the TDC1334. The series resistor network between the REF+ 
input and analog ground is useful for adjusting the overall gain 
of all three DIA converters simultaneously. 

In this application, all three D/A converters are connected to 
drive 75 Ohm lines to inputs of a color monitor. Source and 
destination terminating resistors are required for optimum 

Figure 7. Typical Interface Circuit 
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dynamic performance. Using the OUT - terminals, a "sync 
down" waveform will be provided at the monitor inputs. The 
unused outputs IOUT +R, OUT +G and OUT +s in this easel 
should be connected to analog ground through a 37.5 Q 
resistor. 

The TDC1334 can be operated in TTL systems by connecting 
the Vr.r: inputs to the +5 Volt power supply and the VEE 
inputs to ground. Digital input and analog output level-shifting 
techniques described the TRW Application Note TP-33 "Using '=­
The TDC1018 And TDC1034 In A TTL Environment" should be '91111 
followed. 
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10- TURN 

1.1K OHM 

REF+ 75 OHM LINE 

tq.+ OUT-R RED 
VIDEO 

OUT+R 

37.5 
75 OHM LINE 

ttf GREEN OUT-G VIDEO 

OUT+G 

37.5 
75 OHM LINE 

ttf BLUE DUT-B 
VIDEO 

OUT+B 

COMP 
2700pF 

VEEA CERAMIC 
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Calibration 

The TDC1334 is very easy to use and calibrate. The 
Typical Interface Circuit (Figure 7) has only one 
adjustment. The variable resistor in the series network 
connected to REF+ will allow a ± 10 % variation in the 
overall gain of the device. Since all three DIA converters 
are operated from the same reference current, adjusting 
the variable resistor will change the gain of all three DIA 
converters• simultaneously. The circuit of Figure 7 is best 

Ordering Information 

Product Temperature Range 
Number 

TDC13.34B6C .STD-TA= o•c to 10°c 

calibrated by enabling either BLANK or SYNC and 
adjusting the reference current until the voltage at the 
monitor input is - 781mV IBLANKI or -1071mV !SYNC. 
green channel onlyl with respect to analog ground. 
Depending upon system to system matching requirements. 
a fixed value resistor !approximately 1.2k0hml may be 
connected between REF+ and analog ground eliminating 
the need to calibrate the TDC1334 at all. 

Screening Package Package 
Marking 

Commercial 28 Pin CERDIP 133486C 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 
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Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Linear Products 

TRW provides a selection of linear products that support and enhance the performance of our data 
conversion products. 

Voltage references are needed by all A/D and DIA converters. These may be included in the converter 
(as with the THC-series from TRW), may be derived from the power supply (not very stable or quiet), 
or may be provided externally. A converter is only as good as its reference. For the most demanding 
applications (such as with the TMC1241/TMC1251 family) the 3ppm/°C TMC4169 is excellent. For 
less demanding applications (4-10 bits) the TDC4611 and TDC4614 provide a cost-effective solution, 
and offer the convenience of integrated amplifiers for reference shifting and buffering. 

A Track/Hold circuit can usually improve the performance of a flash AID converter at high input 
frequencies. Depending on your system performance requirements, the THC4940 may be just the thing 
to extend signal bandwidth and reduce distortion. 

TRW's D/As are designed to drive terminated lines (with impedances as low as 250) directly. At times, 
however, an amplifier is needed. The THC4940 is the best high-speed high-voltage video bandwidth 
buffer available. 
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Linear Products 

Output 1 Tolerance 1 
Temperature 1 
Coefficient 

Product Voltage (V) (±%) (ppml'C) Package Grade 2 Notes Page 

References 

TDC4611 -0.7 to +6.3 NIA 20 84, NH B Pin DIP C, F Adjustable. C23 
ME 14 Pin SOIC c Includes Operational Amplifier. 

TDC4614 +1.2to+6.3 NIA 20 89, N9 16 Pin DIP C, F Adjustable. C41 
M9 16 Pin SOIC c Includes 4 Operational Amplifiers. 

TDC4169-3 + 10.000 ±0.05% YB B Pin Metal Can C, F High Precision. C3 
NH B Pin DIP c Laser Trimmed. 

-2 + 10.000 ±0.05% YB B Pin Metal Can C, F 
NH B Pin DIP c 

-1 + 10.000 ±0.05% 10 NH B Pin DIP c 
+ 10.000 ±0.10% 30 MH B Pin SOIC C, F 

NH B Pin DIP c 
Z3 3 Pin Plastic c 

Input 
-3dB Slew Settling Offset Gain 

Bandwidth Rate Time 1 Voltage 1 Flatness 
Product (MHz) (Yins) (ns to.!%) (mV) (dBi Package Grade 2 Notes Page 

Amplifier 

THC4231 120 1.B 22 4.5 0.6 Xl 12 Lead Metal Can C, V Current Feedback. Constant Cll 
Bandwidth with Gain changes. 

-JdB Acquisition Settling Pedestal Aperture 
Bandwidth Time 1 Time 1 Offset 1 Jitter 1 

Product I MHz) (ns to.!%) (ns to 1mV) (mVI (psnMsl Package Grade 2 Notes Page 

Track/Hold 

THC4940 110 22 lB 1.6 X2 24 Pin DIP 8,A Very Fast Sampling. C59 
Wideband TIH Amplifier. 

Notes 1. Guaranteed. See product specifications for test conditions 

2. A= High Reliability, Tc= - 55°C to 125°C. 
B=lndustrial, Tc= -Z5°C to 85°C. 
C= Commercial, TA= 0°C to 70°C. 
F= Extended Temperature Range, Tc= - 55°C to 125°C. 
V= Mll-STD-883 Compliant, Tc= -55°C to 125°C 
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TDC4169 ---~·-· ••••• 
Precision + 10.000 Volt Voltage Reference 

Features The TDC4 l69 is a voltage reference offering exceptional 
accuracy and stability over a wide range of temperature 
and power supply conditions. The TDC4169 produces a 
reference voltage of+ 10.000 Volts generated from a power 
suppiy input voitage from + 13to+17 Voits. The TDC4169 
also operates from a current source of 2mA. 

• Initial Voltage Accuracy 0.05% 
• Temperature Stability 1.5ppm/°C, Guaranteed 
• Power Supply Rejection Better Than 2ppm/V 

Laser-trimmed temperature compensation circuits reduce 
the temperature coefficient of the output voltage to 
1 ppm/°C. The TDC4169 is trimmed by cutting resistors 
open to eliminate the effect of ageing caused by 
electromigration on the integrated circuit. The device also 
exhibits exceptional stability as supply voltage and current 
are varied. The reference can be operated either in series 
or in shunt mode and the output is short circuit protected. 

The device is available in three package styles: 8-pin metal 
can, 8-pin plastic DIP, 8-pin SOIC, and 3-pin plastic T0-92. 
In all packages but the T0-92 there is an additional pin that 
can be used as a fine adjustment to the reference voltage. 
The TDC4169 is available in both commercial (0°C to 70°C) 
and military (-55°C to 125°C) temperature ranges. 

Pin Assignments 

DNC 

• Very Low Noise 

Applications 
• High Resolution A/D Converters 
• Precision Offset Control 

Functional Block Diagram 

:::o::: 
GND 4 5 TRIM 21513A 

GND 
TOP VIEW 

TOP VIEW 

21511A 

8 3 
GND Your 

21514A 

TOP VIEW 

8 Pin Metal Can - YB Package 
8 Pin Plastic DIP - NH Package 

8 Pin Plastic SOIC - MH Package 3 Pin Plastic - 23 Package 

TRW LSI Products Inc. 
P 0. Box 2472 
La Jolla, CA 92038 

Phone: (619)457-1000 
FAX: (619) 455-6314 
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Functional Description 

The THC4 l69 precision voltage reference is based upon an 
internal buried Zener diode and output amplifier. The 
amplifier serves several functions in the THC4169 including 
gain (Av= -t 1.47), temperature coefficient compensation 
and output current source or sink. Advanced trim 
techniques applied to thin-film resistors establish the 
initial accuracy of the THC4169 and ensure long-term 
stability, low noise, and low sensitivity to variations in 
temperature and input voltage. 

The Vt pin supplies the power to the TDC4169. When used 
in series mode, the potential at this pin should be between 
t 13 and t35 Volts. When used in shunt mode, the current 
through V1N must be limited to 50mA. The GND pin serves 

Package Interconnections 

Signal Signal 
Type Name Function 

Power, Ground V+ Power Supply 

GND Ground 
Output Vour Reference Output 

as the zero Volt reference point for the circuitry of the 
TDC4169 and as the current sink for the Vt current. The 
VouT pin provides t 10.000 Volts referred to the GND pin. 

The TRIM pin can be used to adjust the VQUT voltage 
slightly ( approximately 15mV per µA of current flowing 
into TRIM). This pin can also be used to filter the reference 
noise by the adding a low-leakage capacitor connected 
from TRIM to GND. 

There are several pins which are used at the factory to 
adjust output voltage and temperature coefficient. These 
pins should be left unconnected and may be removed from 
the package if desired. 

Pin Pin 
Value (Z3 package) NH, MH, YB Package 

15V 2 2 

ov 1 4 

I 10.000V 3 6 
Input TRIM Fine Adjust of Vour Open - 5 
No Connection DNC Do Not Connect Open - 1,3,7,8 

Absolute maximum ratings (beyond which the device may be damaged) 

Supply Voltage (V+ measured to GND) ....................................................................... , ............................................................... , ................ -0.3 to 35V 

Reverse Current (Shunt mode) .................................................................................................................................................................................. 5mA 

Power Dissipation ................................................................................................................................................................................................. 600mW 

Storage Temperature Range ................................................................................................................................................................. -60°C to+ 150°C 

Soldering Information 
NH Package (10 seconds) ................................................................................................................................................................ +260°C 

YB Package (10 seconds) ........................ , ......................................................................................................................................... +300°C 

MH Package, Vapor Phase (60 seconds) ....................................................................................................................................... +215°C 
MH Package, Infrared (15 seconds) ............................................................................................................................................... +220°C 

ESD Tolerance 100 pf. 1.5 kQ, Human Body Model ...................................................................................... ,. ..................................................... aoov 

4 TRW LSI Products Inc. 
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Operating conditions 

Parameter Min Norn Max Unit 

V+ Power Supply Voltage 13 15 17 v 

IQUT Output Load Current 1 mA 

CL Load Capacitance 200 pF 

TJ Junction Temperature (F-grade) -55 125 oc 

TJ Junction Temperature (C-grade) 0 70 oc 

Electrical characteristics within specified operating conditions 1.5 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Typ Max Min Typ Max Unit 

I+ Power Supply Current9 -1, -2, -3 grades 1.4 2.0 1.4 2.0 mA 

MHC, NHC, Z3C 1.5 2.4 mA 

~1+v I+ Sensitivity, V+ = 13 to 30 Volts 

(~I+ vs V+) 9 -1, -2, -3 Grades 0.06 0.2 0.06 0.2 mA 

MHC, NHC, Z3C 0.08 0.3 mA 

isc Short Circuit Current9 -1, -2, -3 Grades 11 27 65 11 27 65 mA 

MHC, NHC, Z3C 10 27 65 mA 

0JC Thermal Resistance, Y8 Package 75 75 oc/W 

Junction to Case 

0JA Thermal Resistance, Y8 Package 150 150 oc/W 

Junction to Ambient NH Package 160 OC/W 

MH Package 180 oc/W 

Z3 Package 160 oc/W 

TRW LSI Products Inc. 5 
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System performance characteristics withjn specified operating conditions 1,5 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Typ Max Min Typ Max Unit 

vour Output Voltage7 -1, -2, -3 Grades 9.995 10.000 10.005 9.995 10.000 10.005 v 
MHC, NHC,Z3C 9.990 10.000 10.010 v 

<1VOr Temperature Coefficient -3 Grade 1.5 3 1.5 3 ppm!°C 
(AVour /A Temp) 4,7,9 ~2 Grade 2.7 5 2.7 5 ppm/°C 

-1 Grade 6 10 ppm/°C 
MHC, NHC, Z3C 5 

-"-
30 ppm/°C 

AVOv Power Supply Sensitivity, V+ = 13 to 30 Volts 
Line Regulation, -1, -2, ~3 Grades 2.0 8.0 2.0 8.0 ppmN 
(,iVOUT /AV+) 9 MHC, NHC, Z3C 2.4 12.0 ppmN 

'1V01+ Load Re·gulation, lour= o to lOmA 
(A Vour I AIOUT +I 2,6,8,9 -1, -2, -3 Grades 3.0 20.0 3.0 20.0 ppm/mA 

MHC, NHC, Z3C 3.0 25.0 ppm/mA 

AV01. Load Regulation, 1our=Oto-1omA 80 160 80 160 ppm/mA 
(AVour I Alour-12,6,8 

AVOt Long-Term Stability, 1000 Hours, Tj <TMAX 
Non-Cumulative, -1, -2, -3 Grades 6 6 ppm 
(AVour vs time) 1 MHC, .NHC, Z3C 8 ppm 

AVOTRM TRIM Pin Sensitivity, -1, -2, -3 Grades 1500 2600 1500 2600 ppm/µA 

(AVour I AITRIMI MHC, NHC, Z3C 1500 2800 ppm/µA 

AVOp Thermal Regulation, 10ms After Load Applied, 
(AVour I APower) 3,8 Sourcing lour 

-1, -2, -3 Grades 3 ±20 3 ±20 ppm/lOOmW 
MHC, NHC, Z3C 4 ±25 ppm/lOOmW 
Sinking lour 
-1, -2, -3 Grades 3 3 ppm/lOOmW 
MHC, NHC, Z3C 4 ppm/lOOmW 

HY Sr Temperature Hysteresis AT= 25°C 

of VOUT -1, -2, -3 Grades 3 3 ppm 
MHC, NHC, Z3C 5 ppm 

VN Noise Voltage 10Hzto lKHz 10 30 10 30 µVrms 
0.1 Hz to 10Hz 4 4 _].l_Vrms 
10Hz to lOKHz 4 4 µVrms 

Cfilter = 0.1 µF 

6 TRW LSI Products Inc. 
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Notes on specification tables 

1. Guaranteed specifications apply for T J = +25°C, V+ = 
+ 13 to+ 17 Volts, IQLJT = 0.0 to 1.0mA, CL <200pF, 
unless otherwise specified (Note 9). 

2. The Class-B output stage of the TDC4169 will exhibit 
transients at its crossover point (when sinking 
approximately 1 mA). It is advantageous to load the 
output with a resistor to V+ or GND to avoid the 
,.,.,....., .......... ,...., ,..., ............ ; ..... + 
VI U.)VUVVI t-JUll ll. 

3. The change in output voltage at a time, t, after a 
1 OOmW step change of power dissipation. 

4. Worst-case change in VouT measured at specified 
temperatures divided by the total span of the 
temperature range. Specified temperatures are not 
necessarily at the extremes of the temperature range. 

Typical Performance Characteristics 

A. Quiescent Current vs 
Input Voltage and Temperature 
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5. Electrical characteristics are guaranteed only within 
Operating conditions. 

6. Measured at constant temperature using low duty 
cycle pulse testing. Measurements are made on VouT 
pin, 1/8" from package bottom. Does not include 
effects of heating such as VouT Temperature 
Coefficient and Thermal Regulation. 

7. Consult factory for availability of THC4169 with 
guaranteed long-term stability, lower initial VQLJT 
accuracy, or lower Temperature Coefficient. 

8. When sinking current, a 0.1 µF tantalum capacitor 
should be connected between VouT and GND. 

9. Specification guaranteed over full temperature range. 

B. Dropout Voltage vs Output Current 
(Series Mode Sourcing Current) 

OUTPUT CURRENT (mA) 

D. Output lmpedence vs 
Frequency 
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E. Ripple Rejection 
vs Frequency 
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G. Output Noise 
vs Frequency 
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Applications Information 

The exceptional stability and low noise of the TDC4169 
make the device ideally suited to use as the reference for 
a high-resolution ND converters and other precision 
analog circuits. 

Minimizing Noise 

The TRIM pin of the TDC4169 can be used to reduce 
broadband noise by connecting a low-leakage 0.1to0.3µF 
capacitor between TRIM and GND. The capacitor should . 
exhibit low-leakage since current drawn from the TRIM pm 
alters the output reference voltage. For a temperature 
range of O to 50°C a polyester or Mylar dielectric capacitor 
is recommended. For higher temperatures, a polypropylene 
dielectric may be needed. To operate at temperatures up 
to 125°C a Teflon capacitor is recommended for its low­
leakage characteristics. Ceramic capacitors should be 
avoided since they can convert mechanical stress and 
vibration into current via their piezo-electric characteristics. 
which will increase the noise voltage of the output 
reference voltage. 

Do Not Connect 

There are several pins labeled "DNC". These are used in 
the manufacturing pr°Cess to trim the reference volt~ge 
and temperature coefficient of the TDC4169. These pins 
should be left unconnected and protected from leakage 
currents and noise coupling. They may be removed from 
the package, if desired. A guard ring can be placed around 
the DNC and TRIM pins and connected to ground to further 
shield them from leakage and noise. This will effectively 
prevent AC transients from degrading the output reference 
voltage. 

TRW LSI Products Inc. 

Output Loading 

The VQUT output can source as .well as sink curr~nt .. 
however the output impedance 1s greater when sinking 
current. When operating in shunt mode (reference is 
sinking current). a 0.1 µF capacitor should be connected 
from the VQUT to GND. A tantalum capacitor is 
recommended. Although the output can sink as well 
as source current, since the output has a class-B output 
stage there is a crossover transient when IQUT is close t? 
O. In applications where IQUT is likely to pass th~ough 0 1t 
is recommended that the output be preloaded with a small 
bias current to avoid this transient. 

The TDC4169 is capable of output currents as large as 
±1 OmV. however there is an error induced in the output 
by the current passing through the parasitic resistance of 
the package pins. Larger currents also tend to cause the 
die to heat up, adding to the error in the reference output. 
For highest accuracy it is suggested that the reference 
current be kept below 1 µA. 

The device will not be damaged by a short circuit to ground 
or to the power supply, but if the device is at an elevated 
temperature. the additional power dissipation is 1.ikel~ t? 
raise the junction temperature above safe operating l1m1ts. 

TRIM Pin 

The output voltage of the TDC4169 can be adjusted by 
providing current to or drawing current fro~ ~he TRIM pin. 
The nominal output voltage on the TRIM pm 1s +6.8 Volts. 
The reference voltage changes approximately 15 mV for 
each µA of current. Because of this sensitivity it is hig~ly 
recommended that the TRIM pin be protected from noise 
and leakage, as these will have an adverse effect upon 
reference performance. The range over which the output 
is adjusted should not exceed ±10mV. Trimming over a 
lager range will result in a degradation of temperature 
coefficient. The expected degradation is about 1 ppm/°C 
for each 10mV of trim. 
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Typical Interface Circuits 

The typical interface circuits shown below depict the . 
common configurations in which the TDC4169 is used. 

Figure 1. Series Regulator with Optional Filtering for 
Noise Reduction 

13TO 30V 

V+ 

VouT 10.000V 

TRIM 
GND 0.1\!)' 

LO LEAKAGE 

21s1sA 

Ordering Information 

Product . Temperature Temperature 
Number Coefficient Range 

TD C4169Y8F2 5ppm/°C -55°C to 125°C 
TD C4169Y8F3 3ppm/°C -55°C to 125°C 
TD C4169Y8C2 5ppm/°C 0°Cto 70°C 
TD C4169Y8C3 3ppm/°C 0°Cto 10°c 

TDC4169MHC 30ppm/°C 0°Cto 10°c 

TDC4169NHC 30ppm/°C 0°Cto 10°c 
TDC4169NHC1 10ppm/°C 0°Cto 70°C 
TDC4169NHC2 5ppm/°C 0°Cto 10°c 
TDC4169NHC3 3ppm/°C 0°Cto 10°c 

TDC4169Z3C 30ppm/°C 0°Cto 70°C 

Figure 2. Series Regulator with Optional Trim for 
VouT Adjustment 

13T030V 

V+ 

VouT 10.000V 

TRIM 100KU 
GND OUTPUT 

ADJUST 
21516A 

Screening Package Package 
Marking 

Commercial 8 Pin Metal Can 4169Y8F-2 

Commercial 8 Pin Metal Can 4169Y8F-3 

Commercial 8 Pin Metal Can 4169Y8C-2 
Commercial 8 Pin Metal Can 4169Y8C-3 

Commercial 8 Pin Plastic SOIC 4169MHC 

Commercial 8 Pin Plastic DIP 4169NHC 
Com_mercial 8 Pin Plastic DIP 4169NHC-1 

Commercial 8 Pin Plastic DIP 4169NHC-2 
Commercial 8 Pin Plastic DIP 4169NHC-3 

Commercial 3 Pin Plastic 4169Z3C 

All parameters contained in this spetification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves 
the right to change products and specifications without notice. This informatio.n does not convey any license under patent rights of TRW Inc. or others. 
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Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 

TRWlSI Products Inc. 



THC4231 

Wide Bandwidth Fast Settling Operational Amplifier 
165MHz Closed Loop Bandwidth 

The THC4231 is a wide bandwidth fast settling opera­
tional amplifier designed specifically for high-speed, low­
gain app:ications. The op amp design is based on current 
feedback architecture, a topology that eliminates the 
gain-bandwidth trade-off of voltage feedback designs 
while permitting outstanding high-speed performance. 

The THC4231 op amp is the ideal design alternative to 
low-precision open-loop buffers and conventional oscil­
lation prone op amps. The THC4231 offers precise gains 
from ± 1.000 to ± 5.000 and linearity that is a true .1 % 
- even in demanding 50 Ohm applications. Traditional 
open-loop buffers typically have a gain of .95 and lin­
earity of only 3 % . And open loop buffer settling time is 
usually specified with an unrealistically large load resis­
tance or neglecting thermal tail effects. The THC4231 
current feedback op amp settles to .05% in 15ns with a 
100 Ohm load. 

Offsets and drifts were not ignored in the THC4231; the 
input offset voltage is 1 mV and input offset voltage drift 
is only 10µV/ 0 C. The THC4231 is stable and oscillation­
free across the entire gain range and since it's internally 
compensated, the user is saved the trouble of designing 
external compensation networks and having to tweak 
them in production. The absence of a gain-bandwidth 
trade-off in the THC4231 allows performance to be 
easily predicted. 

The THC4231 is constructed using thin-film resistor/ 
bipolar technology. The THC4231X1 B is specified over 
an ambient range of - 25°C to 85°C, while the 
THC4231X1V operates with guaranteed performance over 
the - 55°C to 125°C case operating range, is manufac­
tured in facilities certified to MIL-STD-1772 and is 
screened to MIL-STD-883 for military applications. Both 
are packaged in a 12 lead metal can (T0-8/M0-12 style). 

Features 

• Current Feedback Architecture 
• 165MHz Closed-Loop -3dB Bandwidth 
• 15ns Settling To 0.05% 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

• 1 mV Input Offset Voltage, 10µV/°C Drift 
• 1 OOmA Output Current 
• Excellent AC And DC Linearity 
• Available Tested To MIL-STD-883 

Applications 

• Buffer For Flash AID Converter 
• DAC Current-To-Voltage Conversion 
• Precision Line Driving 
• Low-Power, Low-Gain, High-Speed Applications 

Typical Performance 

Gain Settings 

Parameter 1 2 5 -1 -2 -5 Units 

-3dB Bandwidth 180 165 130 165 150 115 MHz 
Rise Time (2V) 1.8 2.0 2.5 2.0 2.2 2.9 ns 

Slew Rate 2500 3000 3000 3000 3000 3000 V/µ.s 

Settling Time (to .1 %) 12 12 12 12 12 15 ns 

Pin Assignments and Functional Block Diagram 

(Bottom View) ~~~~sT 

INVERTING 
INPUT 

+ 1cc 
ADJUST 

-Vee 
COLLECTOR 

OUTPUT 

12 Lead Metal Can - X1 Package 
(T0-8/M0-12 Style) 11 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

©TRW Inc. 1990 
40805913 Rev. B-11 /90 
Printed in the U.S.A. 
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Functional Description 

General Information 

The THC4231 op amp is based on current feedback 
instead of the traditional voltage feedback topology. The 
use of the THC4231 is basically the same as that of the 
conventional op amp, including active filters and differ­
ential amplifiers. !Refer to Current Feedback vs. Voltage 
Feedback: A Comparison for theory of operation.) 
However, to prevent oscillations, active circuit elements 
should not be used inside the feedback loop. 

The THC4231 is designed specifically for low gain appli­
cations. The best performance is obtained when the 
circuit is used at gains between ± 1 and ± 5. Unlike 
conventional voltage feedback op amps, the current 
feedback THC4231 bandwidth is relatively unaffected by 
the gain setting. Optimum overall performance is 
achieved and all specifications are guaranteed with a 
250 Ohm feedback resistor. 

Supply Voltage 

The THC4231 is designed to operate from ± 15V sup­
plies although it can operate with supplies reduced as 
low as ± 5V. See Current Adjust for operation with 
reduced supply voltages. Low and high frequency decou· 
piing capacitors 13.91-lF and 0.1 !-lF) should be connected 
in parallel from the ±Vee supply pins to the analog 
ground plane. The 0.11-lF capacitors should be less than 
0.15" from pins 1 and 9 while the 3.91-lF capacitors are 
within 1" of these pins. 

Collector Supply 

The ±Vee collector pins are connected to the ±Vee 
supplies via 33 Ohm resistors. High frequency decoupling 
capacitors of .011-lF should be connected from ±Vee 
collector supply pins to the analog ground. This resistor 
and capacitor combination provide· optimum settling 
performance with minimum distortion. 

Current Adjust 

To regain the full bandwidth lost when operating with 
supplies below ± 1 OV, it is necessary to increase the 
Vee supply currents by shorting the ±Ice adjust !pins 2 
and 8) to the respective ±Vee supply voltage !pins 1 
and 9). The plot of bandwidth vs. Vee shows the effect 
of shorting Ice adjust pins to Vee supply pins. Care 
should be taken to not exceed the maximum junction 
temperature. For this reason, this technique must not be 
used with supplies exceeding ± 10V. For intermediate 

12 

values of Vee, external resistors between pins 1 and 2 
and pins 8 and 9 can be used. When operating with 
± 15V supplies, pins 2 and 8 must remain open-circuit. 

Case Ground 

Case ground pins should be connected to the system 
analog ground. 

Inverting and Non-Inverting Input 

To prevent output peaking, the ground plane should be 
removed from the pc board in the vicinity of the invert­
ing and non-inverting input pins. 

Output 

The analog output is capable of swinging Vee- 3V to 
-Vee+ 3V at up to 100mA output current. To prevent 
output peaking, the ground plane should be removed 
from the vicinity of the output pin. 

No Connect 

The No Connect pin is not connected internally to any 
portion of the circuit. 

Pin Assignments and Functional Block Diagram 

!Bottom View) 

INVERTING 
INPUT 

-Ice 
ADJUST 

+Ice 
ADJUST 

-Vee 
COLLECTOR 

OUTPUT 

12 Lead Metal Can IT0-8/M0-12 Style) - X1 Package 

TRW LSI Products Inc. 
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Package Interconnections 

Signal Signal 12 Lead Metal Can 
Type Name Function Value Package Leads 

Power +Vee Positive Supply Voltage +15V 1 

+ V CC Collector Positive Collector Voltage +15V 12 

-Vee Negative Supply Voltage -15V 9 

- V CC Collector Negative Collector Voltage -15V 10 

GND Case Ground o.ov 3, 7 

Current Adjust +Ice Adjust Positive Low-Voltage Adjust See Text 2 

-Ice Adjust Negative Low-Voltage Adjust See Text 8 

Input IN+ Non-Inverting ±12V 6 
IN- Inverting ±12V 5 

Output VouT Analog Output ±12V 11 

No Connect NC None - 4 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltages 

±Vee ................................................................................................................................................................................................ . ±20V 

Input 

Inverting and Non-inverting input ..................................................................................................................................... See Diagram 

Voltage ................................................................................................................................................................................... See Diagram 

Output Current ................................................................................................................................................................................................... . ± lOOmA 

Temperature 

Operating, case ............................................................................................................................................................ -65 to + 130°C 

junction...................................................................................................................................... . ...... +175°C 

Lead, soldering (10 seconds) ....................................................................................................................................... +300°C 

Storage ........................................................................................................................................................................... - 65 to + l 50°C 

Reliability 

Mean Time Between Failure 2 ...................................................................................................................................... 2.9 x 106 Hours 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating cond1t1ons 
Functional operation under any of these conditions is NOT implied. Device performance and reliability are guaranteed only 11 the Operating 
Conditions are not exceeded. 

2. V-grade. GF @ Tc~ 70°C. per MIL-HDBK-2170. 

Absolute Maximum Rating 

20 

15 

AS 
INDICATED 10 
VOLTS 

Input and Common Mode Voltage Limits 

10 15 20 

TRW LSI Products Inc. 

Note: 1. These ratings protect against damage to the input stage caused by 
saturation of either the input or output stages at lower supply 
voltages. and against exceeding transistor collector-emitter breakdown 
ratings at high supply voltages. VouT (Maxi is calculated by assuming 
no output saturation. Saturation 1s allowed to occur up to this calcu­
lated level of VouT-VCM is defined as the voltage at the non­
inverting input. pin 6. 
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Operating conditions 

Temperature Range 

Industrial 
Parameter Min Norn Max 

±Vee Supply Voltage ±5 ± 15 

GND Case Ground 0.0 

IN+, IN- Inputs IVccl -3 

VouT Output ±Vee 

TA Ambient Temperature -25 85 

Tc Case Temperature 

DC Electrical characteristics within specified operating conditions 
(RL = 100 Ohms, Rt= 250 Ohms, Vee= ± 15V, Av=+ 2) 

Industrial 
Parameter Test Conditions Min Typ 

1cc Supply Current Vee=± 15V, No Load 18 

R1N Input Resistance Non-Inverting 100 400 

C1N Input Capacitance Non-Inverting 1.3 

V10 Input Offset Voltage 1 

Tc10 Temp Coefficient, 10 

Input Offset Voltage 

l1B Input Bias Current Non-Inverting 5 

Inverting 10 

Tc1B Temp Coefficient, Non-Inverting 50 

Input Bias Current Inverting 125 

VouT Output Voltage Range No Load ±11 ±12 

14 

Extended 
Min Norn Max 

±5 ± 15 

0.0 

IVccl -3 

±Vee 

-55 125 

Temperature Range 

Extended 
Max Min Typ Max 

22 18 22 

100 400 

2.5 1.3 2.5 

4.5 1 4.5 

25 10 25 

31 5 31 

35 10 35 

125 50 125 

200 125 200 

±11 ± 12 

TRW LSI Products Inc. 

Units 

v 

v 

v 

v 
oc 

oc 

Units 

mA 

kOhms 

pf 

mV 
µ.V/oC 

µA 

µA 

nA/°C 

nA/°C 

v 
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AC Electrical characteristics within specified operating conditions 
(RL = 100 Ohms, Rf= 250 Ohms, Vee=± 15V, Av=+ 2) 

Temperature Range 

Parameter 

SSBW Small Signal Bandwidth 1 

FPBW Full Power Bandwidth I 

EGPL Gain Flatness Peaking, 

LOW Frequency 

EGPH Gain Flatness Peaking, 

HIGH Frequency 

EGR Gain Flatness Rolloff 

TGO Group Delay 

Ep Linear Phase Deviation 

RINI Reverse Isolation, Non-Inverting 

Rl1N Reverse Isolation, Inverting 

Rour Output Resistance 

Lour Output Inductance 

!Es. Rise Time, Small Signal 

tRL Rise Time, Large Signal 

tFS Fall Time, Small Signal 

tFL Fall Time, Large Signal 

ts Settling Time 

Eos Overshoot 

SR Slew Rate 

toR Overload Recovery 

HD2 Second Harmonic Distortion 

HD3 Third Harmonic Distortion 

Equivalent Input Noise 

Noise Floor 

Integrated 

PSRR Power Supply Rejection Ratio 

CMRR Common Mode Rejection Ratio 

Notes: -3dB bandwidth. 

f= lOOMHz 

Test Conditions 

VouT=2Vp-p 

VouT=10Vp-p 

VouT=2Vp-p, 
0.1.;;; t.;;;5oMHz 

VouT=2Vp-p, 
t>50MHz 

VouT=2Vp-p, Note 2 

f.;;;100MHz 

1.;;;100MHz 

t.;;;100MHz 

t.;;;100MHz 

touT = 100MHz 

tour= 100MHz 

2V Output Step 

10V Output Step 

2V Output Step 

1 OV Output Step 

5V Output Step to .05 % 

2.5V Output Step to .1 % 

5V Output Step 

Input Overdriven 

Note 3 

0 dBm, 20MHz 

0 dBm, 20MHz 

>5MHz 

5MHz to 200MHz 

3 < 50ns pulse, 200% overdrive, to < 1 % error. 

TRW LSI Products Inc. 

Industrial Extended 
Min Typ Max Min Typ 

120 165 120 165 

60 95 60 95 

0.1 0.6 0.1 

0.1 1.5 0.1 

0.4 1.0 0.4 

3.5 ± .5 3.5 ± .5 

0.5 2.0 0.5 

43 53 43 53 

26 36 26 36 

5 5 
37 37 

2 2.7 2 

5 7.0 5 

2 2.7 2 

5 7.0 5 

15 15 

12 22 12 

5 15 5 

1.8 3 1.8 3 

120 120 

-47 -55 -47 -55 

-47 -59 -47 -59 

-150 -153 -150 -153 

70 100 70 

45 50 45 50 

40 46 40 46 

Max Units 

MHz 

MHz 

0.6 dB 

1.5 dB 

1.0 dB 

ns 

2.0 Degrees 

dB 

dB 

Ohms 

nH 

2.7 ns 

7.0 ns 

2.7 ns 

7.0 ns 

ns 

22 ns 

15 % 

V/ns 

ns 

dBc 

dBc 

dBmllHz) 

100 µVrms 

dB 

dB 
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THC4231 

Current Feedback vs. Voltage Feedback: A· Comparison 
To fully understand the advantages of the THC4231 
current feedback op amp, it is helpful to compare its 

Voltage Feedback Op Amp 

Traditional voltage feedback op amps have a differential, 
high input impedance stage followed by several gain 
stages. The open loop output of this op amp is: 

Vo = A(s)[V 1 - V2l 

I V3 
L. - - - -o---· 
VOLTAGE FEEDBACK 

Rl 

With the feedback connection made, a feedback voltage 
is applied to the inverting input and the closed loop gain 
is: 

16 

R1 + R2 
1 +---

R1 
A(s) 

theory of operation to that of the traditional voltage 
feedback op amp. 

Current Feedback Op Amp 

The current feedback op amp has a unity gain voltage 
buffer amplifier across the inverting and non-inverting 
inputs. This buffer forces the voltage at V2 to be iden­
tical to the voltage applied at V 1 independent of any 
external feedback. Because the inverting input is actually 
the output of the buffer, this node has a very low input 
impedance, which is further reduced when the feedback 
resistor (R2) is installed. With respect to V 1, the invert­
ing input is truly a virtual ground and current easily 
flows into or out of this node. 

111 
.. RI 

12i ~ R2 

I 
I 
I 

I I 
L----------------J 

CURRENT FEEDBACK 

The transimpedance amplifier is the gain stage inside the 
THC4231. It senses the current flowing into or out of 
the inverting input and transforms this current into an 
output voltage. The transfer function of the trans­
impedance amplifier is A(s) and the units are Ohms. 

The open loop gain of thie amplifier is: 

Vo = linv A(s) 

With the feedback resistor installed, the closed loop gain 
equation is: 

R1 + R2 
1+ 

R2 

Vo R1 R2 R1 

V1 1 1 R2 
-+- 1 + 
R2 A(s) A(s) 

TRW LSI Products Inc. 



THC4231 

Voltage Feedback Op Amp (cont.) 

Substituting G = IR i + Rz)/R i 

G 

i + 
G 

Als) 

Substituting Als) = l~\s) yields: 
Dis) 

Vo 
Vi 

= G 
Nis) 

N(s) + (G) D(s) 

Now the two topologies can be compared. In the 
voltage feedback op amp transfer function, the circuit 
gain and pole locations are both dependent upon 
G = (Ri + R2)/Ri. Therefore, changing the gain of the 
circuit causes the pole locations to move. In practice, for 
a high gain setting, the poles will be at a lower fre­
quency than for a low gain setting. This is shown in the 
illustration below. Frequency response that depends upon 
the circuit gain is the biggest drawback of voltage feed­
back op amps. 

Voltage Feedback Op Amp 

15 

tD 

GAIN, dB 

tD 
lDG FREQUENCY, MHz 

TRW LSI Products Inc. 

Current Feedback Op Amp (cont.) 

Substituting G = i + RRzi 

Vo 
Vi 

G 

Substituting A(s) = Nisi yields: 
D(s) 

Vo 
Vi 

G 
N(s) 

By comparison, the current feedback op amp also has 
circuit gain dependent upon G = IR1 + R2)/R1, but this 
time the pole locations are dependent only on Rz. This 
is the advantage of the current feedback topology over 
voltage feedback topology: frequency response is inde­
pendent of the circuit gain. In practice, it is easy to keep 
R2 constant for various gain settings and therefore 
maintain the frequency response of the op amp. In fact. 
the design of the THC4231 has been optimized for 
R2 = 250 Ohms and all specifications are guaranteed 
with this value of feedback resistor. 

Current Feedback Op Amp 

15 

10 

GAIN, dB 

I 
I 
I 

L]dB - l3lJMH1 

I for G - 5 
I 
I 
I 
I 

~~~~~~~~~~~- I 

10 100 
LOG FREQUENCY. MHz 
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THC4231 

Typical Performance Curves 
(TA=25°C, Av=+2, Vcc=±15V, RL=100 Ohms, Rt=250 Ohms) 

Non-Inverting Gain and Phase Inverting Gain and Phase 

Broadband Gain and Phase Bandwidth vs. Vee 

~ 1Av1=2 

r" ~IN 

11h181div. 
180 OEGREESldiv 

100MH•div 1GHz 10 12 

±Vci;!VI 

Gain vs. Frequency for Various RL s Full Power Gain vs. Frequency 

La. 

~ rs: Vo = 10Vpp 

1dB/div 

Av= +2 \ ~= 100 ::sJ 
[\_ rs: 

NON-l~VERTl~G \ ~INVERTING 

25MH0div 250MHz 20MH•div 200MHz 
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THC4231 

Typical Performance Curves (cont.) 

INTERCEPI 
POINT l+dllml 

nv.Jiii 

130 

UA 

12J 

1Jl1 

3.1111 

2.24 

ZVldiv 

50 

40 

dB 30 

ZD 

10 

znd Md 3rd Hmmonic Distortion Intercept 

Av. +2 

FREQUENCY I~ 

Equivalent Input Noise 

~ 
\~RENT llnvening lnpul! 

~ 
VOLTAG~ 

..1 

101 1o2 1o3 1o4 105 1u6 107 1u8 
FREQUENCY IHzl 

large Signal Pulse Response 

I 
11 Ay=+Z \I 

l 
l 11 Av· -Z 1 I 

5nsldiv 

CMRR Md PSRR 

JR 

I :::s: 
CMRR 

~ 
' ~ 
~ 
' 1uD 101 1o2 103 1o4 105 1a6 107 1u8 

FREQUENCY IH~ 

TRW LSI Products Inc. 

112 

63 

pA""' 
35A 

19.9 

112 

2-Tone 3rd Order Intermodulation Intercept 
50 

45 

40 

INTERCEPI 
POINT l+dBml 35 

30 

25 

20 

400mV/div 

SITTUNG 
PERCENTAGE 1%1 

+0.20% 

+0.15% 

+0.111% 

+0.05% 

-0]1i% 

-0.111% 

-0.15% 

-0.20% 

D 2D 40 Ill BO 
FREOUENCY IMH~ 

Small Signal Pulse Response 

± l~ ~r r-i 
Ay = +2 T 

f 
11 Ay • -Z _l 
~ \. v 

l 

Settling Time 

-
~ L 

"""""' j,: 

~ 
50ntldiv 

TIME 

100 
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THC4231 

Layout Considerations 

To assure optimum performance from the THe4231, the 
surrounding circuitry should follow good high-frequency 
layout practices which minimize unwanted coupling of 
signals between nodes. When breadboarding, point-to­
point wiring should be used, keeping lead lengths less 
than 0.25''. Solid ground plane is recommended. Sockets 
with small, short pin receptacles or individual high­
frequency pins may be used with only slight performance 
degradation. For optimum performance, the THe4231 
leads should be soldered, not socketed. 

For printed circuit board layout, all traces should be kept 
as short and direct as possible. The body of the gain­
setting resistor !RGI should be kept as close to the 
inverting input (pin 5) as possible to reduce capacitance 
at that point. Ground plane should be removed from the 
pc board in the vicinity of the inverting, non-inverting 
and output pins. To prevent signal distortion caused by 
reflections from impedance mismatches, terminated 

Typical Application Circuits 

Figure 1. Non-Inverting Gain Circuit 

~ 01 

VIN 
CAPACITANCE IN µF 

R; 
11 

Your 
49.90 10 

Rt= Rl 
2500 1000 

330 
-15V 

3.9~ .1* .01~ 

20 

microstrip or coaxial cable should be used whenever the 
signal must traverse more than one inch. 

A ground return path for current from the load resistor 
to the power supply bypass capacitors must be provided. 
High frequency !surface mount if possible) ceramic 
capacitors of O.D1 to 0.11-tF !with short leads) should be 
less than .15" from pins 1 and 9. Larger 3.91-tF tantalum 
capacitors should be placed within 1" of these pins. 
±Vee collector supply connections !pins 10 and 12) can 
be made directly from pins 9 and 1, but better supply 
rejection and settling time performance are obtained if 
they are seperately bypassed with 0.011-tF capacitors and 
33 Ohm resistors as shown in the Typical Application 
Circuits. 

Since the pc board forms such an integral portion of the 
circuit, it is recommended that a prototype board con­
taining just the THe4231 circuitry is built and evaluated 
before commiting to a final pc board layout. 

Figure 2. Inverting Gain Circuit 

~.01 

CAPACITANCE IN µF 

11 Your 

VIN 10 
Rt= Rl 
250(! 1000 

330 
-15V 

3.9* .1~ .01~ 
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THC4231 

Distortion And Noise 

The graphs of intercept point, lz and 13, versus fre­
quency make it easy to predict the distortion at any 
frequency given the output voltage of the THC4231. 
First, convert the output voltage IVo) to VRMS = 
IVp-p/2'12) and then to P = [l1Dlog10 120VRMS2)] to 
get the power output in dBm. At the frequency of in­
terest, its 2nd harmonic will be Sz = 112 - P)dB below 
the level of P. Its third harmonic will be S3 = 2113- P)dB 
beiow P, as wiii lhe lwu-lur1e Lhiru order irrler 111uduid­
tion products. These approximations are useful for 
P < -1 dB compression levels. 

Approximate noise figure can be determined for the 
THC4231 using the equivalent input noise graph. The 
following equation can be used to determine noise figure 
IF) in dB. 

Thermal Considerations 

At high ambient temperatures or large internal power 
dissipations, heat sinking is required to maintain accept­
able junction temperatures. The thermal model below 
can be used to predict junction temperatures. Many 
styles of heat sinks are available for T0-8 packages such 
as Wakefield 215 and Thermalloy 2240. Radial fin heat 
sinks cover the circuit board and may interfere with 
external components unless surface mounted resistors 
and capacitors are used. A 0.1" spacer can be installed 
under the T0-8 package so that conventional compo­
nents can be used with sufficient clearance. 

Ordering Information 

Product 

Where Vn is the rms noise voltage and In is the rms 
noise current. Beyond the breakpoint of the curves !i.e., 
where they are flat). the broadband noise figure equals ~ 
the spot noise figure, so .:if should equal one 11) and Vn ~ 
and In should be read directly from the graph. Below the 
breakpoint, the noise must be integrated and .:if set to 
the appropriate bandwidth. 

Thermal Model 

Pcircuit ~ Ice [l+Vccl - 1-Vccll where Ice ~ 16mA at ± 15V 

Pxxx ~ [l±Vccl -VouT - llcolllRcal + 41lllca111% duty cycle/ 

r .... 

For positive Vo and Vee. this is the power in the npn output stage. 

For negative Vo and Vee. this is the power in the pnp output stage. 

lcol ~ VouT I RJoad or 4mA whichever is greater. !Include feedback R in R1aad·I 

Real is a resistor 133 Ohms recommended) between the xxx collector and ±Vee· 

Tj[pnpl ~ Ppnp 1100 + 6ca1 + 1Pcir + Pnpn16ca + Ta. 

Similar for Tj[npnl· 

Tjlcirl ~ Pcir [48 + 6ca1 + IPpnp + Pnpnl Sea + Ta. 

Package 
Number Temperature Range Screening Package Marking 

THC4231X1B IND-TA= -25°C to 85°C Industrial 12 Lead Metal Can IT0-8/M0-12) THC4231X1B 

THC4231X1V EXT-Tc= -55°C to 125°C MIL-STD-883 12 Lead Metal Can IT0-8/M0-12) THC4231X1V 

All parameters in this specification are guaranteed by design, characterization. sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC4611 --~·-· ••••• 
Adjustable Voltage Reference with Operational Amplifier 
The TDC4611 comprises a precision adjustable voltage 
reference and a single general purpose operational 
amplifier on the same monolithic integrated circuit. This 
combination of circuit functions is ideally suited for 
compiete reference circuits for AiD and D/A converters. 

The voltage reference of the TDC4611 uses a band-gap 
reference source and built-in amplifier to enable the output 
voltage to be set with one pair of external resistors. 

A separate operational amplifier is included on the 
TDC4611 for use with the voltage reference circuit in 
generating complete voltage reference circuits for AID and 
D/A converters. The input common-mode range of the 
operational amplifier extends to the negative power supply 
voltage for additional application flexibility. 

The TDC4611 is available in both commercial (0°C to 
+70°C) and extended (-55°C to+ 125°C) temperature 
ranges and in 8-pin CERDIP and plastic DIP as well as 
14-pin plastic SOIC packages. 

Interface Diagrams 

ANODE 1 8 V+ 

FEEDBACK 2 7 OUT 

CATHODE 3 6 -IN 

V- 4 5 +IN 
21434A 

TOP VIEW 

8 Pin CERDIP - 84 Package 
8 Pin Plastic DIP - NH Package 

Features 
• Low Drift, Adjustable Voltage Reference 
• Low Offset Voltage Operational Amplifier 
• \Vide Common-~v1ode !nput And Pcvver Supp!y Vo!tage 

Range 
• Wide Reference Voltage Range and Amplifier Output 

Voltage Swing 
• Low Power Dissipation 

Applications 

• Complete Voltage References For AID And D/ A 
Converters 

• AC and DC Signal-Conditioning 
• Active Filters With Offset Control 
• Miniaturized, Reduced Chip Count Circuitry 

N/C 14 V+ 

N/C 2 13 N/C 

ANODE 3 12 N/C 

FEEDBACK 4 11 OUT 

CATHODE 5 10 ·IN 

N/C 6 9 +IN 

V· 7 8 N/C 
21435A 

TOP VIEW 

14 Pin Plastic SOIC - ME Package 

23 
TRW LSI Products Inc. 
P.O. Box 2472 

Phone: 1619) 457-1000 
FAX: 1619)455-6314 

©TRW Inc. 1990 
40806686 Rev. A - 7 /90 
Printed in the U.S.A. La Jolla, CA 92038 



TDC4611 

Figure 1. Operational Amplifier Simplified Schematic Diagram 

+IN --------t OUT 

-IN -----+------if--! 

V--------+---l>---+--------------------1.....--+--+--+-----t>----~ 
21436A 

Figure 2. Reference Simplified Schematic Diagram 

CATHODE 

7V 

FEEDBACK 

ANODE 
21437A 

Figure 3. Bias Circuit Simplified Schematic Diagram 

~--+---+--------+------4-----+-----6--------' 
21438A 
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TDC4611 

Functional Description 

The TDC4611 is made up of an operational amplifier and 
an adjustable voltage reference on the same monolithic 
integrated circuit. The operational amplifier is a general 
purpose voltage feedback amplifier designed for DC and 
low-frequency applications. The voltage reference is a 
three-terminal band-gap voltage source with its own 
built-in amplifier. 

Power 

The TDC4611 has two power supply input terminals, V+ 
and V-, and will operate with a wide range of power 
supply voltages. The TDC4611 will operate with either V+ 
or V- grounded. The substrate of the TDC4611 is biased at 
the most negative potential. V-. 

Voltage Reference 

The TDC4611 voltage reference employs band-gap shunt­
regulator topology that can be modeled as a Zener diode. 
When current flow in this diode is in the forward direction 
(from ANODE to CATHODE), it exhibits a normal diode 
exponential transfer characteristic. Current flowing in the 
reverse direction generates a constant voltage (CATHODE 
positive with respect to ANODE). The magnitude of this 
voltage is set by a pair of external resistors connected 
between ANODE and CATHODE with a common connection 
to FEEDBACK. When FEEDBACK is connected directly to 
ANODE, the voltage between CATHODE and ANODE is its 
minimum value of approximately 1.2 Volts. 

TRW LSI Products Inc. 

-~·-· .. ,.,., 
Operational Amplifiers 

The operational amplifier of the TDC4611 is a general 
purpose voltage-feedback amplifiers with PNP input 
transistors. The PNP input stage allows a common-mode 
input range that includes the negative power supply, V-. 
The inputs, -IN and +IN, are diode-clamped to V- but not 
clamped to V+ or to each other, allowing large differential 
input voltages. 

The amplifier is unity-gain stable with low input bias 
and power supply currents. The amplifier and voltage 
reference share the same integrated circuit and their only 
common point is the substrate which is biased at V-. If the I:. 
amplifier is not used, it should be connected so that both ~ 
inputs and the output are within their recommended 
operating conditions (i.e .. -IN connected to OUT, and +IN 
connected to FEEDBACK). 

The output structure of the TDC4611 has a deadband 
voltage of approximately one diode Vbe. The crossover 
distortion generated by this deadband can be eliminated 
by the use of a pull-up or pull-down resistor between the 
output and V+ or V-. The resistor increases output current 
and reduces crossover distortion. The value of this resistor 
should be determined so that the current through it is 1mA. 
nominally. Crossover distortion will be minimized and the 
amplifier will then also be frequency-stable while driving 
capacitive loads as large as 200pF. 

25 



TDC4611 

Package Interconnections 

Signal Signal Function Value Pin Pin 
Type Name (SOIC) (DIP) 

Power V+ Positive Supply Voltage +5V Nominal 14 8 

v- Negative Supply Voltage OV Nominal 7 4 

Operational +IN Non-Inverting Operational V-to V+-1.4V 9 5 

Amplifier Amplifier Input 

-IN Inverting Operational Amplifier V-to V+-1.4V 10 6 

Input 

OUT Operational Amplifier Output V-+1VtoV+-1.9V 11 7 

Reference Anode Reference Anode ov 3 1 

Cathode Reference Cathode 1.2V to 6.3V 5 3 
Feedback Reference Control VCATHOOE-1.2V 4 2 

Absolute maximum ratings (beyond which the device may be damaged) 

Supply Voltage (V+ measured to V-) . . ................... -0.3 to 36V 

Applied Voltage any pin except CATHODE, measured to V-1 . . ................... -0.3 to 36V 

Applied Current, externally forced (any pin) . .. ..... ±20mA 

Differential Input Voltage (+IN to -IN) ........... ... . ...... . .. ........ ±36V 

Output Short Circuit duration2 .. ... Indefinite 

ESD Tolerance 120pF, 1.5KQ3 .. .. .......... ±1kV 

Notes: 1. The failure is caused not by exessive voltage but rather by excessive current flow. If any pin has a potential less than one diode drop below V-then this 
allows a parasitic NPN transistor to turn on and conduct current to V-. No damage to the device will occur if this current is limited to the absolute 
maximum ratings, however the device operation while this parasitic transistor is conducting is undefined and unpredictable. 

2. Simultaneous short circuit of Reference and Operational Amplifier with higher power supply voltages may cause the junction temperature to rise above 
the maximum and thus should not be continuous. 

3. Human Body Model 

Operating conditions 

Parameter Min Norn Max Unit 

V+ Measured to V- 3 5 32 v 

Common Mode Input Range (Operational Amplifier) V-+1 V+-1.9 v 

Reference Voltage 1.2 6.3 v 

Ambient Temperature 0 70 oc 
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TDC4611 

Electrical characteristics (Operational Amplifier) 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Unit 
vos Offset Voltage 4V<;,V+<;,32V ±7 ±5 mV 

vos Offset Voltage V+ = 30V, OV<;,VCM <;, 28.6V ±7 ±5 mV 

Vos TC Offset Temperature ±30 ±25 µV/°C 
Coefficient 

IB Input Bias Current IB+IN and ls-IN ±40 ±25 nA 

IQS 111£.Ut Offset Current las= IB+IN - ls-IN ±5 ±4 nA 

IQSTC IOS Temperature Average value between 25°C ±4 ±4 pA/oC 

Coefficient and temperature extremes 

RIN (Differential) TA= 25°C 1800 1800 MQ 

RIN (Common-Mode) TA= 25°C 3800 3800 MQ 

CIN Capacitance to ground, Non- 6 6 pF 

Inverting input of follower, 

TA= 25°C 

AVOL Open Loop Voltage Gain RL = 10Kn to GND, V+ = 30V, 92 92 dB 

5V<;,VQUT <;,25V, Open Loop 

AVOL = 1WQUT/i:WINDIFF 

VQH Voltage Swing HIGH RL = 10Kn to GND, V+ = 32V V+ V+ v 
-1.9 -1.8 

VOL Voltage Swing LOW RL = lOKQ to V+, V+ = 32V V- V- v 

+1.0 +1.0 

IOUT+ Current Sink VOUT = 1.6V, V+IN = OV, 11 8 mA 

V-IN = 0.3V 

IQUT- Current Source VQUT = V+-2.5V, V+IN = OV -13 -13 mA 

V-IN = -0.3V 

ISC Short Circuit Current VOUT = OV, V+IN = 3V -50 -46 mA 

V-IN = 2V 

Note: 1. Unless otherwise specified. these specifications apply for V-=OV, V+=5V, VcM=V+/2. VouT=V+/2. 
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TDC4611 

Electrical characteristics (Reference)1 

Temperature 
Standard Extended 

Parameter Test Conditions Min Max Min Max Unit 

VREF Reference Voltage 1.21919 1.2689 1.2390 1.2490 v 
VREFTC Temperature Coefficient 20 150 PPM/°C 

VREFLT Long Term Stability Tj = 40°C 400 400 PPM/ 
(Typical) 1000 HR 

VREFLT Long Term Stability Tj = 150°C 1000 1000 PPM/ 

1000 HR 

VREFHS Hysteresis2 ±3.2 ±3.2 µV/°C 

t:.V/t:.I VREF Change with IREF 16µA to lOOµA 1.1 1.0 mV 
Current IREF lOOµA to 1 OmA 5.5 5.0 mV 

PSS VREF Change with V+ VREF vs V+ Change for 86 88 dB 

V+ from 5 to V+MAX 

VREFAS VREF Change with Anode V+ = V+MAX, Vanode from 3.0 5.0 mV 
Voltage GNDtoV+-lV 

IFS Feedback Bias Current Vanode :>VFS:55.06V -55 --40 nA 

VREFN Noise 10Hz - lOKHz, VFS = 0 30 30 µVRMS 
Typical Specification 

Notes: 1. Unless otherwise specified. these specifications apply for V- = OV. V+ = 5V. VCM = V+/2. VQUT = V+/2. 

2. Hysteresis is t.VRQ/MJ where 1WRO is the change in VRO caused by a change in TJ after the reference has been "dehysterized" by spiraling the junction 
temperature in towards 25°C. 

System performance characteristics (Operational Amplifier) 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Typ Max Min Max Unit 

GBW Gain-Bandwidth Closed loop, Gain =-1000, .52 MHz 
Product CL= 30pF, Bandwidth= -3dB 

Frequency. 

SR Slew Rate V+ = 30V1 ±.45 ±.65 ±.45 V/µs 

NV Voltage Noise 100Hz, Input Referred 74 nV/-IHz 

NC Current Noise 100Hz, Bias Current Noise 58 fA/-IHz 

CMRR Common Mode V+ = 30V, OV:>VCM:5(V+-1.4V), 75 90 80 dB 
Rejection Ratio CMRR = 20log{t:.V+/:>Vosl 

PSRR Power Supply 4V:>V+:>30V, VCM = 1/2V+, 70 100 80 dB 
Rejection Ratio PSRR = 201og{t:.V+/:>Vosl 

Note: 1. Slew rate is measured with the Operational Amplifier in voltage follower mode. For rising slew rate, the input voltage is driven from 5V to 25Vand the 
output voltage transition is sampled at 1 OV and 20V. For falling slew rate. the input is driven from 25V to 5V. and the output is sampled at 20V and 10V. 
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TDC4611 

Applications Information 

Voltage Reference 

The CATHODE voltage to the TDC4611 may be set 
anywhere with the range of -0.7 to +6.3 Volts with respect 
to ANODE. Poor voltage regulation will result when the 
CATHODE voltage is set to greater than +6.3 Volts. The 
Reference Equivalent Circuit shows how external 
1esisto1s, R1 and R2, determine the gain of the bu;!t-ln 
amplifier and, therefore, the total voltage (VREF) between 
ANODE and CATHODE. The 7 Volt Zener diode limits the 
usable ANODE-to-CATHODE voltage to 6.3 Volts. 

A capacitor connected between CATHODE and FEEDBACK 
will aid noise reduction. The Typical Performance 
Curves show values of capacitance and reverse current for 
optimum results. Keeping the reverse current between 
20µA and 3mA ensures the stability of the reference 
regardless of capacitance. 

A Typical Interface Circuit is shown for using the 
TDC4611 with 8-bit flash A/D converters such as the 
TDC1048 and TDC1038. The PNP transistor in the feedback 
loop of the TDC4611 is used to sink the reference current 
of the A/D converter. A Typical Interface Circuit is also 
shown for using the TDC4611 and TRW's 12-bit D/A 
converter, the TDC1012 (TDC1112, TDC1041, and TDC1141, 
too). The reference voltage applied to the REF- input of 
the TDC1012 determines the reference current flowing 
through the resistor on the REF+ input. 

Operational Amplifiers 

The output of the operational amplifier is very versatile and 
may be optimized in different ways. 

TRW LSI Products Inc. 

Crossover Distortion 

In applications where low crossover 
distortion is required from the operational 
amplifier, a pull-up or pull-down resistor 
should be added between the output and V+ 
or V-. The value of the resistor should be 
selected to pull an additional 1mA from the 
amplifier output. This additional class-A 
current f!owir.g ir. the TDC4611 autput stage 
will increase power dissipation slightly and 
minimize crossover distortion. 

Driving of Capacitive Loads 

The output resistance of the amplifier in 
combination with the capacitive load 
determines the dominant pole of the 
amplifier and limits its frequency stability. 
When driving a capacitance of 200pF, pull-up 
or pull-down resistors used to improve 
crossover distortion will also ensure 
frequency stability. 

Output Voltage Swing 

Unloaded, the TDC4611 amplifier outputs can 
swing to within 300mV of the negative power 
supply voltage, V-. A resistor connected 
between the output and V-will increase the 
voltage swing, closer to V-. If the output 
load is referred to V+, the negative-going 
output swing is increased but bandwidth and 
slew-rate are reduced. 
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Figure 4. Reference Equivalent Circuit 
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Figure 6. Typical Application of TDC4611 as a Reference for the TDC1012 D/A Converter 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 TJ = 25°C. unless otherwise noted 
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vs Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C, unless otherwise noted 

G. Input Bias Current 
vs Common-Mode Voltage 
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H. Output Sink Current vs 
Output Voltage and Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C, unless otherwise noted 

M. Small-Signal Voltage Gain 
vs Frequency and Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C, unless otherwise noted 

R. Op Amp Voltage Noise 
vs Frequency 
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S. Op Amp Current Noise 
vs Frequency 
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Typical Performance Characteristics (Reference) 
T J = 25°C, FEEDBACK pin shorted to V- = OV, unless otherwise noted 

W. Reference Voltage vs Temperature 
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TDC4611 

Typical Performance Characteristics (Reference) 
T J = 25°C, FEEDBACK pin shorted to V- = OV. unless otherwise noted 

CC. Reference Voltage 
vs Current and Temperature 
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DD. Reference Voltage 
vs Current and Temperature 
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Typical Performance Characteristics (Reference) 
T J = 25°C, FEEDBACK pin shorted to V- = OV, unless otherwise noted 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC4611B4F EXTT A=-55°C to 125°C Commercial 8 Pin CERDIP 4611 B4F 

TDC4611NHC TA=0°C to 70°C Commercial 8 Pin Plastic DIP 4611NHC 

TDC4611MEC T A=0°C to 70°C Commercial 14 Pin Plastic SOIC 4611MEC 

All :1F!rameters in this soecification are guaranteed bv desicm_ samole testina or 100% testinq as appropriate. TRW reserves the right to make changes to products and 
specifications without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products ~ 
Inc. against all damages. ~ 

TRW LSI Products Inc. 39 



Linear Products 

40 TRW LSI Products Inc. 



TDC4614 --~·-· ••••• 
Adjustable Voltage Reference with Four Operational Amplifiers 
The TDC4614 comprises a precision adjustable voltage 
reference and four general purpose operational amplifiers 
on the same monolithic integrated circuit. This 
combination of circuit functions is ideally suited for 
complete reference circuits for A/D and D/A converters. 

The voltage reference of the TDC4614 uses a band-gap 
reference source and built-in amplifier to enable the output 
voltage to be set with one pair of external resistors. 

Four separate operational amplifiers are included on the 
TDC4614 for use with the voltage reference circuit in 
generating complete voltage reference circuits for A/D 
and D/A converters where multiple voltage outputs are 
required. The common-mode input range of the 
operational amplifiers extend to the negative power 
supply voltage for additional application flexibility. 

The TDC4614 is available in both commercial (0°C to 
+70°C) and extended (-55°C to+ 125°C) temperature 
ranges and in 16-pin CERDIP, plastic DIP, and plastic 
SOIC packages. 

Features 

• Low Drift, Adjustable Voltage Reference 
• Four Low Offset Voltage Operational Amplifiers 
• Wide Common-Mode Input And Power Supply 

Voltage Range 
• Wide Reference Voltage Range and Amplifier 

Output Voltage Swing 
• Low Power Dissipation 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla. CA 92038 

Applications 

• Complete Voltage References For A/D And 
0/A Converters 

• AC and DC Signal-Conditioning 
• Active Filters With Offset Control 
• Miniaturized, Reduced Chip Count Circuitry 

Interface Diagram 

OUT 1 16 OUT 

·IN 2 15 ·IN 

+IN 3 14 +IN 

V+ 4 13 y. 

+IN 5 12 +IN 

-IN 6 11 ·IN 

OUT 7 10 OUT 

FEEDBACK 8 9 CATHODE 

TOP VIEW 

16 Pin CERDIP - 89 Package 
16 Pin Plastic SOIC - M9 Package 
16 Pin Plastic DIP - N9 Package 

21493A 
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TDC4614 -~·-· .. " .. 
Figure 1. Operational Amplifier Simplified Schematic Diagram 

+IN ----+----1 OUT 

-IN -----+--+---1--1 

V------+--+---4---+--+----+------..,_ __ __.,__ ....... _......,._,._ ______ ~ 
21436A 

Figure 2. Reference Simplified Schematic Diagram 

CATHODE 

7V 

FEEDBACK 

ANODE 
21437A 

Figure 3. Bias Circuit Simplified Schematic Diagram 

~--+---+--------+-------t-----+-----.__ ___ ___, 21438A 
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Functional Description 

General Information 

The TDC4614 is made up of four operational amplifiers and 
an adjustable voltage reference on the same monolithic 
integrated circuit. The operational amplifiers are general 
purpose voltage feedback amplifiers ideally suited for DC 
and low-frequency applications. The voltage reference is a 
three-termina! band-gap vo!tage source with its own built­
in amplifiers. 

Power 

The TDC4614 has two power supply input terminals. 
V+ and V-. and will operate with a wide range of power 
supply voltages. The TDC4614 will operate with either 
V+ or V- grounded. The substrate of the TDC4614 is 
biased at the most negative potential. V-. which is also 
connected to the ANODE terminal of the voltage reference. 

Voltage Reference 

The TDC4614 voltage reference employs band-gap shunt­
regulator topology that can be modeled as a Zener diode. 
When current flow in this diode is in the forward direction 
(from ANODE to CATHODE). it exhibits a normal diode 
exponential transfer characteristic. Current flowing in the 
reverse direction generates a constant voltage (CATHODE 
positive with respect to ANODE). The magnitude of this 
voltage is set by a pair of external resistors connected 
between ANODE and CATHODE with a common connection 
to FEEDBACK. When FEEDBACK is connected directly to 
ANODE, the voltage between CATHODE and ANODE is its 
minimum value of approximately 1.2 Volts. 

TRW LSI Products Inc. 

Operational Amplifiers 

The four operational amplifiers of the TDC4614 are 
general purpose voltage- feedback amplifiers with PNP 
input transistors. The PNP input stage allows a common­
mode input range that includes the negative power 
supply, V-. The inputs are diode-clamped to V-. but not 
clamped to V+ or to each other, allowing large differential 
input voltages. 

The amplifiers are unity-gain stable with low input bias 
and power supply currents. All four amplifiers and voltage 
reference share the same integrated circuit and their only ~ 
common point is the substrate which is biased at V-. ~ 
Unused amplifiers should be connected so that both inputs 
and the output are within their recommended operating 
conditions (i.e .. -IN connected to OUT and +IN connected 
to FEEDBACK). 

The output structure of the TDC4614 amplifier has a 
deadband voltage of approximately one diode Vbe. The 
crossover distortion generated by this deadband can be 
eliminated by the use of a pull-up or pull-down resistor 
between the output and V+ or V-. The resistor increases 
output current and reduces crossover distortion. The value 
of this resistor should be determined so that the current 
through it is nominally 1 mA. Crossover distortion will be 
minimized and the amplifier will be frequency-stable 
driving capacitive loads as large as 200pF. 
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Package Interconnections 

Signal Signal B9,M9,N9 
Type Name Function Value Package Pins 

Power V+ Positive Supply Voltage +5V Nominal 4 

V- Negative Supply Voltage OV Nominal 13 

Operational +IN Non-Inverting Operational V-to V+-1.4V 3 

Amplifier 1 Amplifier Input 
-IN Inverting Operational Amplifier V-to V+-1.4V 2 

Input 

OUT Operational Amplifier Output V-+1Vto V+-1.9V 1 

Operational +IN Non-Inverting Operational V-to V+-1.4V 5 
Amplifier 2 Amplifier Input 

-IN Inverting Operational Amplifier V-to V+-1.4V 6 

Input 

OUT Operational Amplifier Output V-+1Vto V+-1.9V 7 

Operational +IN Non-Inverting Operational V-to V+-1.4V 12 

Amplifier 3 Amplifier input 
-IN Inverting Operational Amplifier V-to V+ -1.4V 11 

Input 

OUT Operational Amplifier Output V-+1Vto V+-1.9V 10 

Operational +IN Non-Inverting Operational V-to V+-1.4V 14 

Amplifier4 Amplifier Input 
-IN Inverting Operational Amplifier V-to V+-1.4V 15 

Input 

OUT Operational Amplifier Output V-+1Vto V+-1.9V 16 

Reference Cathode Reference Cathode 1.2Vto 6.3V 9 

Feedback Reference Control VCATHODE-1.2V 8 

Absolute maximum ratings (beyond which the device may be damaged) 

44 

Supply Voltage (V+ measured to V-) ....................................... . .. ......... -0.3to 36V 

Applied Voltage any pin except CATHODE, measured to V-1 ..................... . . .... -0.3 to 36V 

Applied Current, externally forced (any pin) .......................... . .. ...... ±20mA 

Differential Input Voltage (+IN to -IN) .......... ±36V 

Output Short Circuit duration2 .. . .... Indefinite 

ESD Tolerance 120pf, 1.5KQ3 .. . ............... ±1kV 

Notes: 1. The failure is caused not by exessive voltage but rather by excessive current flow. If any pin has a potential less than one diode drop below V-then this 
allows a parasitic NPN transistor to turn on and conduct current to V-. No damage to the device will occur if this current is limited to the absolute 
maximum ratings, however the device operation while this parasitic transistor is conducting is undefined and unpredictable. 

2. Simultaneous short circuit of Reference and Operational Amplifier with higher power supply voltages may cause the junction temperature to rise above 
the maximum and thus should not be continuous. 

3. Human Body Model 
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Operating conditions 

Parameter Min Nom Max Unit 

V+ Measured to V- 3 5 32 v 

Common Mode Input Range (Operational Amplifier) V-+1 V+-1.9 v 

Reference Voltage 1.2 6.3 v 

Ambient Temperature 0 70 oc 

Electrical characteristics (Operational Amplifier)1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Unit 
vos Offset Voltage 4V SV+ S32V ±7 ±5 mV 

vos Offset Voltage V+ = 30V, OVSVCM S28.6V ±7 ±5 mV 

vosTc Offset Temperature ±30 ±25 µV/°C 
Coefficient 

IB Input Bias Current IB+IN and IB-IN ±40 ±25 nA 

!!LS 11!1!._ut Offset Current !OS.= !.B_+IN - .!.B_-IN ±5 ±4 nA 

IQSTC IQS Temperature Average value between 25°C ±4 ±4 pA/oC 

Coefficient and temperature extremes 

RIN (Differential) TA= 25°C 1800 1800 Mn 

RIN (Common-Mode) TA= 25°C 3800 3800 Mn 

CIN Capacitance to ground, Non- 6 6 pF 

Inverting input of follower, 

TA= 25°C 

AVOL Open Loop Voltage Gain· RL = 10Kn to GNO, V+ = 30V, 92 92 dB 

5VSVQUT S25V, Open Loop 

AVOL = 1WQUT/~VINOIFF 

VQH Voltage Swing HIGH RL = 10Kn to GNO, V+ = 32V V+ V+ v 

-1.9 -1.8 

VOL Voltage Swing LOW RL = 10Kn to V+, V+ = 32V V- V- v 

+1.0 +1.0 

IQUT+ Current Sink VQUT = 1.6V, V+IN = OV, 11 8 mA 

V-IN =0.3V 

IQUT- Current Source VQUT = V+-2.5V, V+IN = OV -13 -13 mA 

V-IN = -0.3V 

isc Short Circuit Current VQUT = OV, V+IN = 3V -50 --46 mA 

V-IN =2V 

Note: 1. Unless otherwise specified, these specifications apply for V-=OV, V+=5V, VcM=V+/2, Vou1=V+/2. 
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Electrical characteristics (Reference)1 

Temperature 
Standard Extended 

Parameter Test Conditions Min Max Min Max Unit 

VREF Reference Voltage 1.21919 1.2689 1.2390 1.2490 v 
VREFTC Temperature Coefficient 20 150 PPM/°C 

VREFLT Long Term Stability Tj = 40°C 400 400 PPM/ 
(Typical) 1000 HR 

VREFLT Long Term Stability Tj = 150°C 1000 1000 PPM/ 
1000 HR 

VREFHS Hysteresis2 ±3.2 ±3.2 µV/°C 

AV/Al VREF Change with IREF 16µA to lOOµA 1.1 1.0 mV 
Current IREF lOOµA to lOmA 5.5 5.0 mV 

PSS VREF Change with V+ VREF vs V+ Change for 86 88 dB 
V+ from 5 to V+MAX 

VREFAS VREF Change with Anode V+ = V+MAX, VANODE from 3.0 5.0 mV 
Voltage GNDto V+-lV 

IFS Feedback Bias Current VANODE ::;\/FS:55.06V -55 -40. nA 

VREFN Noise 10Hz-10KHz, VFS = 0 30 30 µVRMS 
Typical Specification 

Notes: 1. Unless otherwise specified, these specifications apply for V- = OV, V+ = 5V, VCM = V+/2, VQUT = V+/2. 

2. Hysteresis is tlVRQ/tlTJ where tlVRQ is the change in VRO caused by a change in TJ after the reference has been "dehysterized" by spiraling the junction 
temperature in towards 25°C. 

System performance characteristics (Operational Amplifier) 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Typ Max Min Max Unit 

GBW Gain-Bandwidth Closed loop, Gain= -1000, .52 MHz 
Product CL= 30pF, Bandwidth= -3dB 

Frequency. 

SR Slew Rate V+ = 30V1 ±.45 ±.65 ±.45 V/µs 

NV Voltage Noise 100Hz, Input Referred 74 nvt'1Hz 

NC Current Noise 100Hz, Bias Current Noise 58 IA!'1Hz 

CMRR Common Mode V+ = 30V, OV:5VCM:5(V+-1.4V), 75 90 80 dB 
Rejection Ratio CMRR = 20log{AV+/:5VQS} 

PSRR Power Supply 4V:5V+:530V, VCM = 1/2V+, 70 100 80 dB 
Rejection Ratio PSRR = 20log{AV+/:5VQS} 

Note: 1. Slew rate is measured with the Operational Amplifier in voltage follower mode. For rising slew rate, the input voltage is driven from 5V to 25Vand the 
output voltage transition is sampled at 10Vand 20V. For falling slew rate. the input is driven from 25V to 5V. and the output is sampled at 20Vand 10V. 
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Applications Information 

Voltage Reference 

The CATHODE input to the TDC4614 may be set anywhere 
within the range of+ 1.2 to +6.3 Volts with respect to 
V- and ANODE. Poor voltage regulation will result when 
the CATHODE voltage is set to greater than +6.3 Volts. 
The Reference Equivalent Circuit shows how external 
resistors, R1 and R2. determine the qain of the built-in 
amplifier and, therefore, the total voltage (VREF) between 
ANODE and CATHODE. The 7 Volt Zener diode limits the 
usable ANODE-to-CATHODE voltage to 6.3 Volts. 

A capacitor connected between CA THODE and FEEDBACK 
will aid noise reduction. The Typical Performance 
Curves show values of capacitance and reverse current 
for optimum results. Keeping the reverse current between 
20µA and 3mA ensures the stability of the reference 
regardless of capacitance. 

A Typical Interface Circuit is shown for using the 
TDC4614 or TDC4611 (voltage reference with single 
operational amplifier) with 8-bit flash A/D converters such 
as the TDC1048 and TDC1038. The PNP transistor in the 
feedback loop of the TDC4611 is used to sink the reference 
current of the A/D converter. A Typical Interface Circuit 
is also shown for TRW's 12-bit D/ A converter, the TDC1012 
(TDC1112, TDC1041, and TDC1141, too). The reference 
voltage applied to the REF- input of the TDC1012 
determines the reference current flowing through the 
resistor on the REF+ input. 

TRW LSI Products Inc. 

Operational Amplifiers 

The outputs of the operational amplifiers are very versatile 
and may be optimized in a number of ways. 

Crossover Distortion 

In applications where low crossover 
distortion is required from the operational 
amplifier, a pull-up or pull-down resistor 
shouid be added betvveen the output and V+ 
or V-. The value of the resistor should be 
selected to pull an additional 1mA from the 
amplifier output. This additional class-A ~ 
current flowing in the TDC4614 output stage ~ 
will increase power dissipation slightly and 
minimize crossover distortion. 

Driving of Capacitive Loads 

The output resistance of the amplifier in 
combination with the capacitive load 
determines the dominant pole of the 
amplifier and limits its frequency stability. 
When driving a capacitance of up to 200pF, 
pull-up or pull-down resistors used to 
improve crossover distortion will also ensure 
frequency stability. 

Output Voltage Swing 

Unloaded, the TDC4614 amplifier outputs can 
swing to within 300mV of the negative power 
supply voltage, V-. A resistor connected 
between the output and V-will increase the 
voltage swing, closer to V-. If the output 
load is referred to V+, the negative-going 
output swing is increased but bandwidth and 
slew-rate are reduced. 
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Figure 4. Reference Equivalent Circuit 
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Figure 5. Typical Application of TDC4614 as Reference for a Flash AID Converter 
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Figure 6. Typical Application of TDC4614 as a Reference for the TDC1012 D/A Converter 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 TJ = 25°C, unless otherwise noted 

A. Input Common-Mode Voltage Range 
vs Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C. unless otherwise noted 

G. Input Bias Current 
vs Common-Mode Voltage 
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H. Output Sink Current vs 
Output Voltage and Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C, unless otherwise noted 

M. Small-Signal Voltage Gain 
vs Frequency and Temperature 
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Typical Performance Characteristics (Operational Amplifer) 
V+ = 5V, V- = GND = OV, VcM = V+/2, VouT = V+/2 T J = 25°C, unless otherwise noted 

R. Op Amp Voltage Noise 
vs Frequency 
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S. Op Amp Current Noise 
vs Frequency 
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TDC4614 

Typical Performance Characteristics (Reference) 
T J = 25°C, FEEDBACK pin shorted to V- = OV, unless otherwise noted 

W. Reference Voltage vs Temperature 
on 5 Representative Units 
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vs Power Supply Voltage 
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TDC4614 

Typical Performance Characteristics (Reference) 
T J = 25°C, FEEDBACK pin shorted to V- = OV, unless otherwise noted 

CC. Reference Voltage 
vs Current and Temperature 
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DD. Reference Voltage 
vs Current and Temperature 
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TDC4614 -~·-· .•• Y.. .. 

Typical Performance Characteristics (Reference) 
TJ = 25°C, FEEDBACK pin shorted to V- = OV. unless otherwise noted 

II. Reference Power-Up Time 
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100-12 µA Current Step 
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JJ. Reference Voltage with 
Feedback Voltage Step 
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100µA-10mA Current Step 

3 

2 

l 
~ 

""""""' ~ 1--i-.. 0 ... ... 
D.. 

-1 = .. -~ ... ... -,2 c 
" -s -3 

-4 

Ra =A Yro/A Ir= 0.230 1~·c 

11_STE~ 100~A ?'A 

T -5 
0 100 200 300 400 500 600 700 

TIME (ps) 21480A 

NN. Accelerated Reference 
Voltage Drift vs Time 

1.224 .----...---I..----.---..,...---. 
I I r -i--.; 

-
-> 1.222 1--6 REPRESENTATIVE UNITS---1----' 

1st POINT AFFECTED BY 
.., HYSTERESIS HISTORY 
~ 

!:i 1.220E~~~B ~ ~ ... 
11.218 
a: 1.216 t---+---+----+---+----1 

1.214 ,__ __ ...._ __ ....._ __ ...._ __ ....._ __ ..... 

0 100 200 300 400 500 
TIME BIASED AT 150'C (HRS) 21467A 

TRW LSI Products Inc. 



TDC4614 -~·-· ..... .,., 
Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC4614B9F EXT-T A=-55°C to 125°C Commercial 16 Pin CERDIP 4614B9F 

TDC4614N9C TA=0°C to 70°C Commercial 16 Pin Plastic DIP 4614N9C 

TDC4614M9C T A=0°C to 70°C Commercial 16 Pin Plastic SOIC 4614M9C 

All parameters in this specification are quaranteed bv design. sample testing nr rnn°1,., tp<:tin:J 2~ 2~preop~iete. '.Pl/I/ ~ese~'..'8~ ~ha ~:gh-:: :u 11,ak<3 C~10l1Qt:5 lu products and 
spec1ficat1ons without notice. This information does not convey any license under patent rights of TRW LSI Products Inc., TRW Inc., or others. 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. against all damages. 
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THC4940 

Track and Hold Amplifier 
150MHz, Small Signal Bandwidth 

The TRW THC4940 is a fast sampling, wide-band track 
and hold amplifier that offers ultra-fast switching perfor­
mance plus an unprecedented array of supporting specifi­
cations. This combination ensures that the accuracy indi­
cated by the switching specifications is fully realized, 
even at the highest sampling rates. 

The THC4940 contains a high-performance output 
amplifier capable of driving loads of up to 90pF. which 
includes the capacitive loads of many flash converters, 
without the need for an additional buffer. For loads of 
greater than 90pF, the TRW THC4231 low gain, wide­
band op-amp is recommended. 

The THC4940 is a welcome addition to A/D conversion 
systems, especially those employing high-resolution sub" 
ranging architectures. Its use can improve both signal-to­
noise ratio and full-power bandwidth of even the finest 
flash AID conversion systems. 

The device requires only ± 15V power supplies and can 
accept either ECL or TTL control signals. The 
THC4940X2B has guaranteed performance over an 
industrial temperature range of - 25°C to + 85°C. The 

Functional Block Diagram 

+Vcc1 

-Vcc1 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

DIODE 
BRIDGE 
AND DRIVER 

TRACK HOLD 

THC4940X2A has its performance guaranteed over the 
- 55°C to + 125°C case temperature range and is 
manufactured in facilities certified to MIL-STD-1772. Both 
versions are available in 24 pin ceramic DIPs. 

Features 
• 10ns Hold-To-Track Acquisition Time 
• 12ns Track-To-Hold Settling Time 
• 1 ps Aperture Jitter 
• 150MHz Small Signal Bandwidth 
• 74dB Feedthrough Rejection @ 20MHz, V1N = 2Vp-p 
• ECL And TTL Compatible Control Signals 
• Available In A 24 Pin Ceramic DIP 

Applications 
• Flash A/D Converter Front End 
• High-Resolution, Sub-Ranging AID Converter 

System Driving 
• Signal De-Glitching For CCD And D/A Systems 
• Communications Systems 
• Radar And IF Processors 

+Vccz 

HOLD 
CAPACITOR 

-Vccz 

+Vee 

10Q 

10Q 

-Vee 59 
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THC4940 

Pin Assignments 

HOLD 1 NC 
TRACK 2 NC 
-Vcc1 3 22 +Vcc1 

GND 4 21 NC 
GND 5 20 NC 
V1N 6 19 NC 
NC 7 18 NC 
NC B 17 +\fCC2 
NC 9 16 +Vee 

GNO 10 15 Your 
GND 11 14 -Vee 

-VcC2 12 13 NC 

24 Pin Ceramic DIP - X2 Package 

Functional Description 

General Information 

The THC4940 consists of an input buffer, diode bridge 
(which serves as a switch) and driver, hold capacitor and 
output buffer. In the TRACK mode, the diode bridge is 
turned on by its driver circuit and conducts the signal 
from the the input buffer to the output buffer. Since the 
output impedance of the input buffer is small compared 
to the impedance of the hold capacitor, the signal passes 
to the output without loss. This allows the voltage at the 
hold capacitor to track the input voltage. 

When the HOLD command is given, the diode bridge is 
.turned off by the driver circuit which puts the diode 
bridge into the high-impedance (open) state. This dis­
connects the input buffer from the hold capacitor and 
output buffer. In the HOLD mode the voltage seen by 
the output driver is the DC voltage present on the hold 
capacitor. Since the input impedance of the output buffer 
is very high, the loading on the hold capacitor is very 
small, so the hold capacitor discharges slowly. This main­
tains the output of the THC4940 at the level of the 
input when the HOLD command was given. 

When the device is returned to the TRACK mode, the 
diode switch closes. allowing the input buffer to begin 
charging the hold capacitor to the input voltage which it 

60 

-~··· .. , .. 
will continue to track until the device is again switched 
to the HOLD mode. 

Power 

The THC4940 operates from three pairs of supply 
voltages. The supplies for the input buffer, output buffer 
driver and output transistors are brought out to separate 
pins so that they may be decoupled to allow high feed­
through rejection. They may all be driven from the same 
± 15V supply as long as the pins are properly decoupled 
as shown in the Typical Interface Circuit. They may 
also be driven from supplies of different voltages if 
desired. 

TRACK/HOLD Control 

Switching between TRACK and HOLD is controlled by a 
differential pair input. When the voltage on TRACK (pin 
2) is greater than the voltage on HOLD (pin 1 ). the 
THC4940 is in TRACK mode. Likewise, the device will be 
in HOLD mode when the voltage on HOLD (pin 1) is 
greater than the voltage on TRACK (pin 2). These inputs 
are compatible with most logic families and specific 
applications are covered in the TRACK-HOLD Switching 
Control section. 

Analog Input 

The analog input is buffered, providing a high input 
impedance of typically 20 kOhms in parallel with 3pF. 

Analog Output 

The analog output represents either the voltage at the 
input (TRACK mode). or the voltage at the input when 
the HOLD command was given (HOLD mode). It is 
buffered with a 10 Ohm output source impedance (at 
1 kHz). and can drive loads of up to 90pF with full 
performance. 

No Connects 

Several pins have no internal connections to the chip. 
These pins should be left open (disconnected). 

TRW LSI Products Inc. 



THC4940 

Package Interconnections 

Signal Signal 
Type Name 

Power +Vee 

+Vcc1 

+Vcc2 
-Vee 
-VCCl 

-Vcc2 
GND 

Controls TRACK 

HOLD 

Input VIN 

Output Vour 

No Connect NC 

Figure 1. Timing Diagram 

ANALOG 
INPUT! 

ANALOG 
OUTPUT I 

+IV 

Function 

Positive Supply Voltage 

Positive Supply Voltage 

Positive Supply Voltage 

Negative Supply Voltage 

Negative Supply Voltage 

Negative Suppiy Voltage 

Ground 

HOLD/TRACK Control 

HOLD/TRACK Control 

Analog Input 

Analog Output 

None 

Value 

+15.0V 

+15.0V 

+ 15.0V 

-15.0V 

-15.0V 

-i5.0V 

o.ov 
TTL or ECL 

TTL or ECL 

-2.2 to 2.2V 

-2.2 to 2.2V 

I 
I 
~ 

"'--.....-~ ... ~-------.... I 

X2 Package Pins 

16 

22 

17 

14 

3 

12 

4,. 5, 10, 11 

2 

1 

6 

15 

7, 8, 9, 13, 18, 19, 20, 21, 23, 24 
-

1n1Jdiv 

--- ~~~~T l~NA~~~~:l ~l".::~6 

:~101 
I 
I 
I 
I 

OV1-+-+-+-+-+-+-1f-+-+-l-+-+-lhll--+-+-+-+-+f-+-+-l-+-+-lf-+-+-l--+-+-l-i""'+~-+rl+-+-+-+-+-+-+-+-1-+-+-+--t-

-IV 

I 
-----1 

+O.SV _H_oL_o ___ 1 

VHOLO - VTRACK 
{DIGITAL INPUTI 

-0.SV 

I 
I I 
1----IA----•-<I 
I I 
I 

:--- 1HT 
I 

TRACK 

I 
I 
I 
I 
I 
I 
'---

HOLD 

1ns/div 

lnsldiv 

Note: 1. There 1s an analog delay of about 3ns from the analog input to the analog output !The input amplifier contributes Ins and the output amplifier contributes 2ns.) 
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THC4940 

Definitions 

Acquisition Time (tA) 

Acquisition Time !HOLD to TRACK) is the time required 
for the TRACK and HOLD to acquire the input signal Ito 
a specific settling precision) when it switches modes 
from HOLD to TRACK. It is the time from when the 
output starts. changing to when it has settled to a 
specified accuracy 

Analog Delay Ito! 

Analog Delay !input to output) is the time required for a 
signal to travel from the analog input to the analog 
output. It is typically 3ns for the THC4940. 

Aperture Error (EApl 

Aperture Error lor aperture uncertainty or jitter) is the 
sample-to-sample variation in Effective Aperture 
Delay which is caused by a small amount of noise 
in the switch control circuitry. Aperture Jitter changes 
lhl: time at which the device goes into HOLD mode. 
/\pl:rlL11l: Jitter, coupled with the rate of change 
(sll:w 1;111:) 11f lhr; signal at the storage capacitor, causes 
an mrur 111 tht: held output voltage. (Output voltage 
l:rror .:lV/Lit•.:'.lt, where AV/Lit is the slew rate and Lit 
rs tfw <iperture jitter.) 

Droop Rate (DR) 

Droop Rate is a drift in the held output voltage. It is 
caused by leakage currents flowing into !or out of) the 
storage capacitor from the switching circuit and input 
stage of the output amplifier. 

Effective Aperture Delay ltsrnl 

Effective Aperture Delay tells when the input is actually 
sampled. It is the time from when the HOLD command 
is given to the point on the input waveform which is 
held. It does not include analog propagation through the 
output buffer to the output pin. It takes into account 
two delays: the input signal transit time through the 
input amplifier and the time needed for the switch to 
open after the part is given the HOLD command. 
Typically, the Effective Aperture Delay is 2.5ns which 
means the held voltage is that which was at the input 
pin 2.5ns after the HOLD command was given. 
!Conceivably, Effective Aperture Delay could be negative 
if the transit time through the input amplifier were 
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· longer than the delay in the switch, though this is not 
the case here.) 

Feedthrough Rejection (FTR) 

Feedthrough Rejection !or analog input isolation) is the 
measure of how well the switch keeps input signals from 
leaking through to the output in the HOLD mode. It is 
the ratio of the analog AC signal at the output to the 
signal at the input while in HOLD mode !switch open). 
Since the signal that feeds through is due in part to the 
capacitance of the switch, Feedthrough Rejection 
worsens with increasing analog input frequency. There 
are also switching transients which feed through from 
the digital inputs, however, these quickly settle out and 
are accounted for in the Acquisition Time and TRACK­
to-HOLD Settling Time specifications. 

HOLD-to-TRACK Switch Delay (tHTl 

HOLD-to-TRACK Switch Delay is the time from when the 
TRACK input !pin 2) becomes more positive than the 
voltage on HOLD !pin 1) !the initiation of the TRACK 
command) to when the output starts to change as it 
begins to acquire the new signal. Typically it is 6ns for 
the THC4940. 

Pedestal Offset (Vp) 

Pedestal Offset lor TRACK-to-HOLD offset) is an output 
offset voltage found in the HOLD mode. It is caused by a 
small amount of charge being injected into or out of the 
storage capacitor when the !diode bridge) switch opens. 
In practice, this offset is treated the same as an output 
offset voltage. Unlike most other TRACK and HOLDs, the 
Pedestal Offset of the THC4940 is virtually unaffected by 
changes in the analog input voltage. 

TRACK-to-HOLD Switching Transient IVsTl 

TRACK-to-HOLD Switching Transient is the switch-induced 
transient voltage that appears at the output immediately 
after the THC4940 switches from TRACK to HOLD. 

TRACK-to-HOLD Settling Time (tsnl 

TRACK-to-HOLD Settling Time is the time required for 
the TRACK-to-HOLD Switching Transient to settle to 
within 1 mV of its final value. 

TRW LSI Products Inc. 



THC4940 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltages 

!Vee. VcCl· Vcc2i ........................................................................................... ··············································································· +20V 

I-Vee· -Vcc1· -Vcc2I ··············································································· .............................................................................. -2ov 

Input Voltages 
VIN !power applied) .......................................................................................................................................................................... ± 5V 

Ina power applied) ................................................................................................................... . ..................................... ± 3V 

TRACK, HOLD I referenced to ground) .............................................................................................................................. ± IVcc1 -9V) 

!differential with respect to each other) .......................................................................................................... ± 3.5V 

Output 
Current from VouT ............................................................................................................................................... . ± 50mA Continuous 

Temperature 
Operating, case ............................................................................................................................... . . ........ -65to +130°C 

junction .......................................................................................................................... . ·········-············· +175°C 
Lead, soldering 110 seconds) ............................................................................................................ . . ................... +300°C 

Storage ................................................................................................................................................ . . .... -65to +150°C 

Reliability 
Mean Time Between Failures 2 .......................................................................................................•............................ 1.6 x 106 Hours 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified opemt111q r:onilitrr111s 
Functional operation under any of these conditions is NOT 1mpl1ed. Device performance and reliability are \'.JUiHirnlt:(~d 1111ly 11 0111!rdt1rH1 
Conditions are not exceeded. 

A-grade, Ground fixed environment @ TC~ 70°C, per MIL-HDBK-217E. 

Operating conditions 

Temperature Range 

Industrial Extended 
Parameter Min Typ Max Min Typ Max 

+Vee· +Vcc1· +Vcc2 Supply Voltages +14.25 +15.00 + 15.75 + 14.25 +15.00 +15.75 

-Vee· -Vcc1· -Vcc2 Supply Voltages -14.25 -15.00 -15.75 -14.25 -15.00 -15.75 

VIN Analog Input Voltage -2.2 2.2 -2.2 2.2 

V10 Digital Input Voltage ±IVCCl-11) ±IVCCl -11) 

VIDF Digital Input Voltage, Differential 0.3 2.5 0.3 2.5 

llVHOLD-VTRACKll 

SRD Digital Input Slew Rate 20 20 

TA Ambient Temperature -25 +85 

Tc Case Temperature -55 +125 

TRW LSI Products Inc. 

Units 

v 
v 

v 

v 
v 

V/µ,s 

·c 
oc 
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THC4940 -~·-· ,,,,,,, 
DC Electrical characteristics within specified operating conditions !Rt= 100 Ohms, Vee=± 15V) 

Temperature Range 

Industrial Extended 
Parameter Test Conditions Min Typ Max Min Typ Max Units 

Vos Offset Voltage 20 75 20 75 mV 

TCvos Offset Voltage, Tempco End-Point Average 30 140 30 140 µ,V/°C 

l1H Input Bias Current, Logic HIGH 25 100 25 100 µ,A 

Ill Input Bias Current, Logic LOW 
-cc 

1 10 1 10 µ,A 

R1N Analog Input Resistance 15 20 15 20 kOhms 

C1N Analog Input Capacitance 3 4 3 4 pf 

l1B Analog Input Bias Current 30 90 30 90 µ,A 

PSRR Power Supply Rejection Ratio 36 40 36 40 dB 

Ice Supply Current Note 1 55 65 55 65 mA 

Po Power Dissipation Note 1 1.65 1.95 1.65 1.95 w 
Note: 1. VIN= D. TRACK mode. no load. 

AC Electrical characteristics within specified operating conditions IRL = 100 Ohms, Vee=± 15V) 

Temperature R11nge 

Industrial Extended 
Parameter Test Conditions Min Typ Max Min Typ Max Units 

TRACK Mode 

Ay Gain Note 2 0.96 0.98 1.00 0.96 0.98 1.00 VIV 

TCA Gain Tempco Note 2 20 30 20 30 ppm/°C 

NLA Gain Non-Linearity Note 2 0.D2 0.025 0.02 0.025 % 

RouT Analog Output Resistance lkHz 10 13 10 13 Ohms 

SSBW Small Signal Bandwidth 1 - lOdBm Input 100 150 100 150 MHz 

SR Slew Rate 390 470 390 470 V/µ,s 

HD2 2nd Harmonic Distortion Note 3 -47 -57 -47 -57 dBc 
HD3 3rd Harmonic Distortion Note 3 -54 -60 -54 -60 dBc 

HOLD Mode 

DR Droop Rate TA=25°C 50 50 µ,V/µ,s 

TA= -20°C to +85°C 20 2000 µ,V/µ,s 

Tc= -55°C to +125°C 20 2000 µ,V/µ,s 

FTR Feedthrough Rejection 20MHz, VIN= 2Vp-p 70 74 70 74 dB 

Notes· 1. -3dB bandwidth. 

2 I kHz, 4Vp-p, no load. 

3. 2Vp-p, 2DMHz, Rl = 1 kOhm. 
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Switching characteristics within specified operating conditions (RL = 100 Ohms, Vee= ± 15VI 

Parameter 

TRACK-to-HOLD Switching 

ts ET TRACK-to-HOLD Settling Time 

tsrn Effective Aperture Delay 

EAP Aperture Error 

Vp Pedestal Offset 

TCvp Pedestal Offset, Tempco 

PORR Sensitivity to Supply Voltage 

VsT Switching Transient 

HOLD-to-TRACK Switching 

tA Acquisition Time 

Notes: 1. To 1.0%, V1N=2Vp-p, RL=1 kOhm. 

2. To 0.1%. V1N=2Vp-p, RL =1 kOhm. 

Test Conditions Min 

To lmV 

End-Point Average 

Fs=2MHz 

Note 1 

Note 2 

Temperature Range 

Industrial Extended 
Typ Max Min Typ Max 

12 18 12 18 

2.5 3.3 2.5 3.3 

1.0 1.6 1.0 1.6 

2 8 2 8 
25 60 25 60 

0.5 0.5 

25 50 25 50 

10 15 10 15 

16 22 16 22 

Typical Performance Curves (TA= 25°e, RL = 100 Ohms, Vee=± 15VI 

Gain vs. Frequency 

-2 

-4 

~ VIN 0.5Vpp 

~ ~ 
[SJ C"l 
~ "\l 

-6 

-8 

V1N • 2Vpp~ 
GAIN (dBi -10 

-12 

:s: -14 

-16 

-18 
0 211MHildiv 2110MHz 

2nd and 3rd 
Harmonic Distortion Intercepts 

90 

INTERCEPTION 601-----J-----+---="""'.d 
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2 5 10 
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2D 
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85 

80 

75 

711 

FEEDTHRDUGH 65 
REJECTION !dBi 

60 

55 

50 

511 

40 

311 

PSRR (dBi 

20 

10 

Feedthrough Rejection vs. Frequency 
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r'\: 

\J 

1 10 20 
FREQUENCY IMHzl 

Power Supply Rejection 
Ratio vs. Frequency 

~ 
\ 

50 1111 

\ 
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FREQUENCY (Hl) 
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ns 

ns 

PSrms 

mV 
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mV/V 

mVp-p 

ns 
ns 
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Typical Performance Curves (cont.) 

SITTLING 

u 
OS 

0.B 

0.7 

0.6 
TOLERANCE 1%1 0.5 

DA 

.0.3 

02 

0. 1 

70 

11111 

5D 

NOISE 
VOLTAGE 20 

tnV/ .JjjZ) 
10 

2 

Setding Tolerance vs. Acquisition Tune 

I\ RL. = 1kQ 

l 1. 2VSTEP 

\ 
~ 

!"-.. 
""-

10 15 

Recommended Rout 
vs. Load Capacitance 

5D 
~OAO(pf) 

75 100 

Equivalent Input Noise 

TRAJ MODE 

~ 
h 

ll11i-JH.i 
101 1o2 1u3 1o4 ' 105 

FREQUENCY (Hd 

Switcling Transients and Pedestal 

5mV/liv TRA K 
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2D 

250 

-~··· .. , .. 
Acquisition Time vs. Load Capacitance 

35 

2Dt--~~~-1-~~-+~-+--+~,_-#---l 
ACQUISITION 0.1% 
TIMElnel 

R,.. CHOSEN FOR BEST ACOUISITION TIME. 
SEE R.,. VL LOAD CAPACITANCE Pl.OT. 

Droop Rate Magnitude 
vs. Temperatll'll 

1000...-~..-~....-~-.-~-.-~-.-~-.-~ .... 

200t-~-t--~-1-~-+-~-+~-t--+-t-~--1 

MAGNITUDE OF 
DROOP (uV(uol 

Figure 2. Typical Interface Circuit 
+15V 

"" 

17 

GND +Vcc1 +Vccz 

ANALOG INPUT 

~ 
.,. 
GND -Vcct TRACK HOLD 

14 

'·"r ·r·· Q v -15V 

Notes: 1. Use 20 or 330 when using ± 12V supplies. 

CAPACITANCE IN µF 

... 
~ 

18 

+Vee 

-•cc 

··~ 

MALOG 
OUTPUT 

f 

2. For capacitance loads. See the RouT vs. Load Capacitance curve for the 
value of RouT· 
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Figure 3. Thermal Model 

Iha = 23°CIW in still air without a heat sink. With heat sinking or air flow, 11 ca 
will be lower. 

Thermal Model Calculations 

Pcir = lcc1 [+Vcc1 - l-Vcc1ll + lcc21Vcc2 - l-Vcc2ll 
lcc1 is the supply current to ±Vcc1 !pins 22 and 31. 
lcc2 is the supply current to ±Vcc2 !pins 17 and 121. 
Typical values are ±Vcc1 = ± 15V, lcc1 = 34mA, ±Vcc2 = ± 12V, lcc2 = 15mA. 
So Pcir = 134mAll30VI + 115mAll24VI = 1.38W 

Layout Considerations 

For optimum performance from any precision high-speed 
track-and-hold such as the TRW THC4940, a good 
printed circuit board layout is necessary. First, a ground 
return path must be provided for signal current loops. 
One such loop is formed between the signal source and 
the termination resistor at the analog input of the track­
and-hold. Another is formed between the source of the 
digital sample command and the termination resistors at 
the digital inputs of the track-and-hold. In the third such 
loop, current from the power supplies flows through the 
track-and-hold output amplifier to the load and then 
through ground return and supply decoupling capacitors 
to the power supply. Ideally, the input, output, and digital 
input signals should be transmitted via properly­
terminated controlled-impedance transmission lines, such 
as microstrip or stripline, which work very well on 
standard printed circuit boards. When a capacitive or 
high-impedance load makes transmission lines unattrac­
tive, be sure to keep the load within an inch or so of 
the track-and-hold output and provide a wide strip of 
ground plane for the signal current to return to the 
decoupling capacitors. 

In addition, make certain that the ground return paths 
mentioned above do not cross over themselves or any 
other ground return on the printed circuit board. Other­
wise these various signals will couple to each other and 
degrade the precision of the track and hold. For example, 

TRW LSI Products Inc. 

Pxxx = [±Vee - V0ut - lc01IRcol + 10lllcoll% duty cycle that XXX is onl 
Pxxx is the power in either the npn or pnp output transistor. 
For Vout > 0, the power is in the npn and ± V cc = + V cc· 
For Vout < 0, the power is in the pnp and ±Vee = -Vee· 
lcol = V0ut1Rioad or 4mA whichever is greater. 
Real is the external resistor between the XXX collector and ± V cc· 

Example: Vout = + 1V, 30% duty cycle 
V0ut = -2V, 70% duty cycle 
Rcol = 33 Q, R1oad = 100 Q 

= 0.041W 

Tease = Ptotal t:lca + Tambient = 1Pcir + Pnpn +Ppnpl t:lca + Tambient 
Tcir = Pcir116°CIWI + Tease 
Tjnpn = Pnpn1200°CIWI + Tease 
Tjpnp = P pnp 1200°CIWI + T case 

to maintain the feedthrough rejection specification, the 
ground connections of the decoupling capacitors should 
be kept at least one-quarter inch away from the signal 
terminations such as the ground side of Rin· 

The stray reactance of the decoupling capacitors and 
termination resistors must also be kept low. Surface­
mounted multi-layer 0.01 µ.F capacitors are recommended 
for use right at the power supply pins of the TRW 
THC4940. Radial lead capacitors may only be used if 
they are low-loss types with very short leads. 

Sockets are not recommended, however some low.­
profile "bucket"-type sockets work well. Wire wrap 
methods and boards will severely degrade overall per­
formance and are not recommended. 

Input Considerations 

The input should be driven from a low impedance source 
not exceeding 100 Ohms, such as the output of an am­
plifier or a terminated 50 Ohm transmission line. 

TRACK- HOLD Switching Control 

The switch in the THC4940 is controlled by a differential 
pair input. The device will be in TRACK mode when the 
voltage on TRACK (pin 2) is greater than the voltage on 
HOLD (pin 1). Similarly, it will be in HOLD mode when 
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TRACK - HOLD Switching Control (cont.) 

the voltage on HOLD is greater than the voltage on 
TRACK. The best switching action is realized when the 
slew rate of the digital input is at least 20V/ Jl$ and 
when the differential signal excursion is no le~s then 
300mV. In addition, it is recommended that the differ­
ential voltage on these pins not exceed ± 2.5V while the 
absolute voltage on either pin should not exceed 
I IVcc1 I -11V). This voltage range accommodates most 
logic families. 

Differential ECL signals may be fed directly to the digital 
control inputs, each of which represents less than one 
ECL 1 Ok load. In Figure 4, the THC4940 is in TRACK 
mode when the non-inverting ECL output is HIGH. 

Figure 4. Differential ECL Control 

THC4940 

HOLD TRACK 

500<1 500Q 

-5.ZV 

A single-ended ECL signal can be fed directly into one of 
the digital inputs while the other pin is biased at -1.4V 
to accommodate ECL voltage levels. In Figure 5, the 
THC4940 is in TRACK mode when the ECL output is 
HIGH. 

Figure 5. Single-Ended ECL Control 

THC4940 

HOLD TRACK 

1N4150 

IN4150 

750<1 

-5.2V 
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For totem-pole-output TTL a similar connection scheme 
is used but with a bias voltage of + 1.4V. The digital 
input represents about 5 LS TTL loads at a HIGH level. 
In Figure 6, the THC4940 is in TRACK mode when the 
TTL output is HIGH. 

Figure i;. TTL ~pntrol 
' .), 

THC4940 

+5V 

HOLD TRACK 

750<1 

TTL --+---' 

1N4150 

1N4150 

Driving Capacitive Loads 

In order to maintain performance while driving capacitive 
loads, a small-value resistor should be placed between 
the THC4940 and the load. The optimum value of resis­
tance should be selected from the plot of Rout vs. Load 
Capacitance. For this combination, acquisition time is 
shown oh the Acquisition Time vs. Load Capacitance 
plot. (If the load capacitance is variable, as it is with 
some flash AID converters, the average typical 
capacitance should be used.) 

Lower Power Operation 

The power dissipation in the output stage transistors may 
be decreased slightly by reducing the output stage supply 
voltages I+ Vee, -Vccl to as low as ± 5V. This only 
minimally affects performance while substantially reducing 
output transistor junction temperatures. See Figure 3 for 
further details. 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

THC4940X2B IND-TA= -25°C to 85°C Industrial 24 Pin Ceramic DIP 4940X2B 

THC4940X2A EXT - Tc= - 55°C to 125°C High Reliability 24 Pin Ceramic DIP 4940X2A 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
':C!~PC!~e~! 0:2n reesC!~ebly be e;oi.peo:!ei::! !o ~eslJI! i'"! perso~el !~jlJrl/ T~e IJSe~ 0f T~\fl! ~~I ProdlJ".:!S lni::. ".:C!~po~e~!s !!"! life Si..!ppor! 2pp!!i::2!!1J!"!S 2SSl..!~es e!! r!s~ C!t 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 69 



Linear Products 

70 TRW LSI Products Inc. 



Signal Synthesis 

Direct Digital Frequency Synthesis (DDFS) offers signal flexibility and stability that is unattainable with 
analog techniques. DDFS is the process whereby the digital samples representing a desired analog signal 
are computed. These samples are then fed to a D/ A converter for the construction of the analog signal. 
The TMC2340 produces data representing baseband signals up to 12.5MHz (higher with aliasing or 
multiplexing techniques) with a 0.006Hz frequency resolution and can change frequencies cleanly in 
25ns. It produces a pair of 16-bit quadrature outputs. 

The synthesizer can produce Frequency Modulation (FM) or Phase Modulation (PM) simultaneously 
with Amplitude Modulation (AM). It is carefully designed to drive the TDC1012 signal synthesis DIA 
converter. to create the lowest-distortion digital synthesizer suhsystem availahle today 

TRW LSI Products Inc. 



Signal Synthesis 

Product 
Clock Rate 1 

(MHz) 

Digital Frequency 
Synthesizers 

TMC2340-1 25 

20 

Resolution 

Frequency 
Resolution 
(Hz) 

0.006 

0.006 

Differential 
Linearity Conv 
Error 1 Rate 1 

SFDR 
(dB) 

106 

106 

Rise 
Time 1 

Product Bits 1±%1 (Msps) (ns) 

Associated 
D/A Converters 

TDC1041-1 10 0.048 20 
10 0.096 20 

TDC1141-1 10 0.048 50 
10 0.096 50 

TDC1012-3 12 0.012 20 

-2 12 0.024 20 

-1 12 0.048 20 

12 0.048 20 

TDC1112-3 12 0.012 50 

-2 12 0.024 50 

-1 12 0.048 50 

12 0.048 50 

Notes 1. Guaranteed. See product specifications for test conditions. 

2. A=H1gh Rel1ab1lity, Tc= -55°C to 125°C. 
B=lndustrial, Tc= -25°C to 85°C. 
C=Commercial, TA=0°C to 70°C. 
V= MIL-STD-883 Compliant, Tc= -55°C to 125°C 

Output Package Grade 2 Notes 

Dual 16-Bit H5 120 Pin PPGA c AM, FM, PM Inputs. 
L5 132 Lead CERQUAD v Quadrature Outputs. 

Dual 16-Bit H5 120 Pin PPGA c 
L5 132 Lead CERQUAD v 

Package Grade 2 Notes 

R3 28 Lead PLCC c Low Cost 10-Bit Video DI A 
R3 28 Lead PLCC c TTL Interface. 

R3 28 Lead PLCC c Low Cost 10-Bit Video DI A 
R3 28 Lead PLCC c EGL Interface. 

J7, N7 24 Pin DIP c Signal Synthesis DI A. 
R3 28 Lead PLCC c 70dBc SFDR. Very Low Glitch. 
J7, N7 24 Pin DIP C, V, SMD Drives 25!.l Directly. 
R3 28 Lead PLCC c TTL Interface. 
J7, N7 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC c 
J7, N7 24 Pin DIP C, V, SMD 
R3 28 Lead PLCC c 
J7, N7 24 Pin DIP c Signal Synthesis DI A. 
R3 28 Lead PLCC c 70dBc SFOR. Very Low Glitch. 
J7, N7 24 Pin DIP C, V Drives 25!.l Directly. 
R3 28 Lead PLCC c EGL Interface. 
J7, N7 24 Pin DIP C, V 
R3 28 Lead PLCC c 
J7, N7 24 Pin DIP C, V 
R3 28 Lead PLCC c 

SMD =Available per Standard11ed Military Drawing, TC= -55°C to 125°C 
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Digital Synthesizer 
Dual 16-Bit. 25MOPS 

The TMC2340 performs waveform synthesis, modulation, 
and demodulation. When presented with a TTL clock 
signal and user-selected 15-bit amplitude and 32-bit 
phase increment vaiues, the TMC2340 automatically 
generates quadrature-matched pairs of 16-bit sine and 
cosine waves in DAC-compatible 16-bit offset binary 
format. If desired, these waveforms are easily phase or 
frequency-modulated on-chip, and the amplitude input 
facilitates gain adjustment or amplitude modulation. 
Digital output frequencies are restricted only by the 
Nyquist limit of clock rate/2, with frequency resolution of 
0.006Hz at the guaranteed maximum 25MHz clock rate. 

A new data word pair is available at the output every 
clock cycle. All input and output data ports are 
registered, with a user-configurable phase accumulator 
structure and input clock enables to simplify interfacing. 
The phase data range over a full 2 7r radians. All signals 
are TTL compatible. 

Fabricated in TRW's OMICRON-C™ one-micron CMOS 
process, the TMC2340 operates at the 25MHz maximum 
clock rate over the full commercial temperature ID to 
70°Cl and supply l4.75V to 5.25Vl voltage ranges, and 
is available in a low-cost 120 pin plastic pin grid array. 
The MIL-STD-883 version, the TMC2340L5V, is housed 
in a ceramic chip crarier and is specified over the full 
extended I- 55°C to 125°Cl case temperature range. 

Features 
• User-Configurable Phase Accumulator For Waveform 

Synthesis, Frequency Modulation Or Phase Modulation 
• Amplitude Input For Gain Adjustment And Amplitude 

Modulation 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla, CA 92038 

• Guaranteed 25Msps Pipelined Data Throughput Rate 
• 15-Bit Magnitude, 32-Bit Phase Data Input Precision 
• 16-Bit Offset Binary Or 15-Bit Unsigned l\~agnitude 

Output Data Format 
• Input Register Clock Enables Simplify Interfacing 
• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In A 120 Pin Plastic Pin Grid Array Package 
• Compliant With MIL-STD-8838 In A 132 Leaded 

CEROUAD 

Applications 
• Digital Waveform Synthesis, Including Quadrature 

Functions 
• Digital Modulation And Demodulation 
' 

TMC2340 Logic Symbol 

DATA INPUTS 

ENA TMC2340 
AM(14-0) DATA OUTPUTS 

ENP(l,O) 

PH(3H) 

CONTROLS 

FM 

PM 
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Phone: 16191 457-1000 
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I (15·0) 
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Functional Block Diagram 
AM 14·0) ENA 

15 

AM 

15 

I (15-0) 

Functional Description 

General Information 

The TMC2340 converts Polar (Phase and Magnitude) 
data into Rectangular (Cartesian) format. The first 
transformed result is available at the outputs 22 clock 
cycles after startup, with new output data available every 
40ns. All input and output data ports are registered, with 
input clock enables to simplify system bus connections. 

The input ports accept 15-bit amplitude and 32-bit 
phase data, and the output ports produce 16-bit 
Rectangular data words in either 16-bit offset binary or 
15-bit unsigned magnitude format. The 32-bit phase 
accumulator handles high-accuracy (0.006Hz at the 
maximum clock rate) phase increment values with 
minimal accumulation error. The flexible input phase 
accumulator structure supports frequency or phase 

4 

ii~iri' 

21272A 

modulation, as determined by the input register clock 
enable ENYP1, o and accumulator controls FM and PM. 
The 16 MSBs (Most Significant Bits) of phase data are 
used in the transformation itself. 

Signal Definitions 

Power 

Voo. GND The TMC2340 operates from a single + 5V 
supply. All power and ground pins must be 
connected. 

Clock 

CLK The TMC2340 operates from a single clock. 
All enabled registers are strobed on the 
rising edge of CLK, which is the reference 
for all timing specifications. 

TRW LSI Products Inc. 
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Inputs/Outputs 

AM 14-0 AM 14-0 is the registered peak amplitude 
15-bit input data port. AM 14 is the MS8. 

PH31-0 

115-0 

Controls 

ENA 

ENP1,0 

PH31-0 is the registered Phase angle 
increment 32-bit input data port. The input 
phase accumulators are fed through this 
port in conjunction with the input enable 
select ENP1 n. PH11 is the MSB. 

'I V VI 

I 15-0 is the registered X-coordinate 16-bit 
output data port. This output is forced into 
the high-impedance state when NT= HIGH. 
lo is the LSB. I 15 will be "stuck at" logic 
HIGH if 0810=0. 

015-0 is the registered Cartesian 
Y-coordinate 16-bit output data port. This 
output is forced to the high-impedance 
state when OEO= HIGH. Oo is the LSB. 
015 will remain at logic HIGH if 0810=0. 

Data presented to the input port AM are 
latched into the input registers on the 
current clock when ENA is HIGH. When 
ENA is LOW, the data stored in the register 
remains unchanged. 

The value presented to the PH input port is 
latched into the phase accumulator input 
registers on the current clock, as deter­
mined by the control inputs ENP1, Q, as 
shown below: 

Instruction 

00 No registers enabled, current data held 

01 M register input enabled, C data held 

10 C register input enabled, M data held 

11 M register set to 0, C register input enabled 

TRW LSI Products Inc. 

FM, PM 

FM, PM 

00 

01 

10 

11 

0810 

where C is the Carrier register and M is 
the Modulation register, and 0 =LOW, 
1 =HIGH. See the Functional Block 
Diagram. 

The user determines the internal phase 
Accumulator structure implemented on the 
next r:lor:k by setti11g the accumulator 
control word FM, PM, as shown below: 

Instruction 

No accumulation performed 

PM accumulator path enabled 

FM accumulator path enabled 

!Nonsensical) logical OR of PM and FM • 

where 0 =LOW, 1 =HIGH. See the 
Functional Block Diagram. 

The accumulator will roll over correctly 
when full-scale is exceeded, allowing thf) 
user to perform continuous phase accurnu 
lation through 271' radians, or 360 degrees. 

The format select control sets the numeric 
format of the Rectangular data: offset 
binary format when HIGH, and unsigned 
when LOW. This is a static input. See the 
Timing Diagram. 

Data in the output registers are available at 
the outputs of the device when the respec­
tive asynchronous Output Enables are LOW. 
When DEX or DEY is HIGH, the respective 
output port is in the high-impedance state. 
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Package Interconnections 

Signal Signal 
Type Name Function HS Package Pins LS Package Pins 

Power Voo Supply Voltage C3, E3, H3, L4, L6, LB, L11, Fll, Ell, 1, 9, 21, 37, 45, 53, 67, 87, 91, 
Cll, CS, C6 99, 112, 120 

GND Ground D3, E2, El, F2, G3, K3, L3, L7, Kll, Jll, 5, 11, 12, 14, 17, 29, 33, 49, 75, 
Gl 1, F12, E12, Dl 1, ClO, C9, B7, C7, C5, S3, S6, S9, 95, 104, 10B, 115, 116, 
C4 124, 129 

Clock CLK System Clock F3 13 

Inputs AM14,o Radius Data F13, G13, G12, H13, H12, Hl 1, J13, J12, B5, B4, B2, Bl, BO, 79, 7B, 77, 76, 
K13, K12, L13, L12, M13, M12, N13 74, 73, 71, 69, 6B, 66 

PH31-0 Phase Data LlO, N12, Nll, MlO, L9, N10, M9, N9, 61, 60, 59, 5B, 57, 56, 55, 54, 52, 
MB, NS, N7, M7, N6, M6, N5, M5, N4, 51, 50, 48, 47, 46, 44, 43, 42, 41, 
L5, M4, N3, M3, N2, M2, Nl, L2, Ml, 40, 39, 3B, 36, 34, 31, 30, 2B, 27, 
Ll, K2, J3, Kl, J2, Jl 26, 25, 24, 23, 22 

Outputs 115-0 I Data D13, 012, C13, B13, C12, A13, B12, A12, 90, 92, 93, 94, 96, 97' 100, 102, 
B11, Al 1, BlO, AlO, B9, A9, BB, AS 105, 106, 107, 109, 110, 111, 113, 

114 

Q15-0 Q Data A7, A6, B6, A5, B5, A4, B4, A3, A2, B3, 117, llB, 119, 121, 122, 123, 125, 
A1, B2, Bl, C2, Cl, D2 126, 127, 130, 132, 3, 4, 6, 7, B 

Controls ENR Radius In Enable Mll 63 

ENP1,0 Phase In Enable Gl, G2 lB, 16 
FM, PM Modulation H2, Hl 29, 19 
OBIQ Cartesian Data Format Fl 15 
DEi I Out Enable E13 BB 
DEG Q Out Enable Dl 10 

No Connect NC No Connect Pins - 2, 32, 35, 62, 64, 65, 72, 9B, 101, 
103, 128, 131 

Index Pin 04 -

Static Control Input 

OBIQ determines the numeric format of the output data: 
offset binary if HIGH and unsigned magnitude if LOW. 
This control acts with 2-cycle latency on the chip's 

22-cycle data path and is normally hardwired to a 
system-specific state. exclusive OR of PH31 and PH30 
as a sign bit to the corresponding I 14-0· 

6 TRW LSI Products Inc. 
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Table 1. Data Input/Output Formats - Integer Format 

Bit# 
Port OBIQ 31 30 29 

AM X 
PH 
I 
I 

x 

Q 0 
Q 

Notes: 1. ± 20 denotes two's complement sign or highest 
magnitude bit - since phase angles are modulo 2" and 
phase accumulator is modulo 232, this bit may be 
regarded as ± "· 

2. All phase angles are in terms of " radians, hence 
notation "x'1f." 

3. A sign-and-magnitude "O" output is obtained by 
appending the input bit PH31 as a sign bit to the 
corresponding !i.e., delayed 22 cycles) 014-0· 

4. A sign-and-magnitude "I" output is obtained by 
appending the exclusive OR of PH31 as a sign bit to 
the corresponding I 14.Q. 

5. When OBIO=O, outputs 115 and 015 become "do not 
connects" and will stay logic HIGH. (They may be wired 
to v00, left open, or connected to any logic input 
without damage to the part or excessive power 
consumption.) 

Figure 1. Timing Diagram, Operating Conditions 

CLK 

16 

2-15 

OBIQ xxxxxxxxxxxxxx = = = = = I 
FM,PM 

ENA, ENP (l ,O) 

AM (14. 0)• PH (31·0) xxxxx A xxxx B } 

I I I 

Note: 1. DEi, OEQ • LOW 

TRW LSI Products Inc. 

6. 

15 14 0 Format 

214 20. u 
2-16 2-17 2-31 IX?r) TIU 

214 zO. u 
215 214 zO. B 

214 zO. u 
215 214 zO. B 

Formats: 

T/U =Two's Complement/Unsigned Magnitude 32 Bits 
Li=Unsigned Magnitude 15 Bits 
B =Offset Binary 16 Bits 

AM,I, Q PH 

HEX u B T u 
FFFF 32767 _".r15 "12-2-151 

8001 -71"11-2-151 "11 +2-151 

8000 -71" " 
7FFF 32767 -1 71"11-2-151 71"11-2-151 

0001 -32767 7[· r15 'II' .i-15 

0000 -32768 0 

"Hex" column contains the 1!i MS!h 11! !Ill' :l/ !lll ['11.r·.1· 1~11 .. .1 
(16 LSBs are 0), the 15 bits of tlll! ,1111p!it1u!1· 1rq,,,! •1i ~h· 'h :11~ 

of the offset binary output. 

22 23 I 24 

xx f(A) 

I I 21273A 

01 
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TMC2340 

Figure 2. Timing Diagram, Phase Modulation 

22 23 24 

CLK ... 
FM 

PM XX)(}(XA AX XX XX XX XX XX 
ENA YJ 1 '<A __ /A _____ /A_/A ______ /A_IA_/A 

AM xx A xxxxmxxxxxxxxxx 
ENP(1,0) xx 10 xx 01 xx 01 xx 01 xx 01 xx 01 xx 01 xx 

l,Q 

Noles: 1. OEI, OEQ =LOW. 
2. Carrier C and peak amplitude A loaded on CLK 0. 
3. Modulation values I, J, K, L, ... baded on CLK 1, CLK 2, etc. 
4. Output corresponding to modulation loaded at CLK i emerged t00 alter CLK i + 21. 
5. To modulate amplitude, vary AM with ENA= 1. 

Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 

Voo 

n SUBSTRAJ:T 

01 

p+ 
CONTROL 
INPUT 

1KO n+ 

02 

pWELL 

GNO 

21120A 

Figure 5. Transition Levels for Three-State Measurements 

1ENA 

OEl,OEQ 

THREE·STATE 
OUTPUTS 

1Dls o.sv 

21275A 

n SUBSTRATE 

01 

p+ 

n+ 

02 

pWELL 

21121A 

25 

8 TRW LSI Products Inc. 

21274A 



TMC2340 
Absolute maximum ratings lbeyond which the device may be damaged) 1 

Supply Voltage ......................................................................................................................................................... . .. ........ -0.5 to +7.0V 

Input Voltage ............................................................................................................................................................................... . -0.5 to 1v00 + 0.5)V 

Output Voltage 
Applied voltage .................................................................................................................................................. -0.5 to 1v00 +0.5)V 2 

Forced current ............................................................................................................................................................ - 6.0 to 6.0mA 3.4 

Short-circuit duration (single output in HIGH state to ground) ........................................................................................ 1 Second 

Temperature 
Operating, case ............................................................................................................................................................. - 60 to + 130°C 

junction ........................................................................................................................................................................... 175°C 

Lead, soldering (10 seconds) ......................................................................................................................................................... 300°C 

Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. forcing voltage must be limited to specified range. 

4. Current ts specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Voo Supply Voltage 4.75 5.25 4.5 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
loL Output Current, Logic LOW 8.0 8.0 mA 

loH Output Current, Logic HIGH -4.0 -4.0 mA 

tcv Cycle Time Voo=Min 50 55 ns 

TMC2340-1 40 45 ns 

tpwL Clock Pulse Width, LOW Voo=Min 10 11 ns 

TMC2340-1 8 8 ns 

tpwH Clock Pulse Width, HIGH Voo=Min 8 8 ns 

TMC2340-1 6 6 ns 

ts Input Setup Time 12 13 ns 

TMC2340-1 10 11 ns 

tH Input Hold Time 1 2 ns 

TMC2340-1 1 2 ns 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

TRW LSI Products Inc. 9 



TMC2340 

Electrical characteristics within specified operating conditions 1 

Temperature Range 

Standard . Extended 
Parameter Test Conditions Min Max Min Max Units 

loon Supply Current, Quiescent Voo=Max, V1N=OV 10 10 mA 

1oou Supply Current, Unloaded Voo=Max, f=20MHz 

OTI and OEU=Voo 160 160 mA 

Ill Input Current, Logic LOW Voo=Max, V1N=OV -10 .-10 µ.A 

l1H Input Current, Logic HIGH Voo=Max, V1N=Voo 10 10 µ.A 

Vol Output Voltage, Logic LOW v00 =Min, loL =Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH Voo=Min, loH=Max 2.4 2.4 v 
lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 -40 µ.A 

lozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, v1N=Voo 40 40 µ.A 

1os Short-Circuit Output Current Voo =Max, Output HIGH, one pin to -20 -100 -20 -100 µ.A 
ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 10 pf 

Co Output Capacitance TA=25°C, f=lMHz 10 10 pf 

Note: 1. Actual test cond1tmns may vary from those shown, but spec1f1ed operation 1s guaranteed. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

to Output Delay Voo=Min, CLOAo=40pF 22 25 ns 
TMC2340-1 20 23 ns 

1HD Output Hold Time Voo=Max, CLOAo=40pF 4 4 ns 
TMC2340-1 4 4 ns 

1ENA Output Enable Delay Voo=Min, CLOAo=40pF 13 17 ns 
TMC2340-1 12 15 ns 

1rns Output Disable Delay Voo=Min, CLOAo=40pf 14 14 ns 
TMC2340-1 13 13 ns 

10 TRW LSI Products Inc. 



TMC2340 
~i'' ' 

Phase/ Amplitude to Sine/Cosine Conversion 
Geometry 

Polar-To-Rectangular Conversion Geometry 

The TMC2340 performs a coordinate-space transfor­
mation according to the familiar trigonometic 
relationships shown in Figure 6. 

With constant amplitude and phase increment values and 
either FM or PM HIGH, the TMC2340 will output a 
series of complex number pairs representing the 
horizontal and vertical projections of a vector rotating 
about the origin, i.e., a cosine wave and a sine wave. 

Figure 6. Input to Output Relationship for Sinusoid Generation 

Y OUT (n) = AM(n) SIN (PH • n) 

AM 

AM/2 

At point "a" n = 2n/PrN 

21276A 
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TMC2340 

Digital Waveform Synthesis 

Waveform Generation and Modulation 

Utilizing the internal phase accumlators in a TMC2340, 
users can easily generate high-accuracy digital, quadrature 
sinusoidal waveforms with minimal support. The 32~bit · 
data path ensures negligible cumulative error iq most 
applications, and the accuracy of the transform is limited 
only by the truncation of the result to 16 bits priQ( to 
the Transform Processor and the ± 1 LSB maximum error 
of the transform algorithm. Amplitude Modulation is of 
course performed simply by varying the amplitude input. 
Either Frequency (phase angle shifted by the cumulative 
sum of the modulattuin input) or Phase (phase angle 
shifted by the instantaneous modulation input) 
Modulation can be realized by configuring the TMC2340 
as shown in Figures 7 and 8. 

Figure 7. Performing Phase Modulation 

AM(14:0) PH(31: 0) 

16 16 

1(15: 0) 0(15:0) 

21277A 

12 

t~· : ii'iir• 

In Figure 7, :: the output valid d~ring clock. rising edge 
m+22 is: 

Im+ 22 = AMmcoslPHm + mPC) 
Om+ 22 = AMmsin(PHm + mPC) 

• y\ifiere PHm and AMm are the chip inp4ts at rising edge 
m, PC is the (constant) carrier phase increment, PM 1 = 0, 
PM2 .... m=1, and FM1-m=D. 

Expressed in terms of time instead of clock cycles, 

ll(m + 22l/fc1k = AMm/f c1kcos1PHmlfc1kl 

where fclk is the frequency ·Of the square wave applied 
to CLK. 

Figure 8. Performing Frequency Modulation 

AM(14:0) . PH(31 :0) 

16MSB 

CORE 

16 16 

1(15 :0) 0(15:0) 

21278A 

TRW LSI Products Inc. 



TMC2340 

In Figure 8, the output valid during clock rising edge 
n+22 is: 

n 
lm+zz=AMm cos IE PHm+nPC) 

m=1 
n 

On+22=AMm sin IE PHm+nPC) 
m=1 

where PHm and AMm are the chip inputs at rising edge 
AM, PC is the !constant) carrier phase increment. 
FM1 =0, FM2 ... n=1, and PM=D. 

Figure 9. Frequency Synthesizer 

AMPLITUDE 
DATA :I::=:;t:.:::::::t 

FREQUENCY 
AND/OR 
PHASE DATA 

ENA 

AM 14·0 

ENP 1•0 

PH 31 ·0 

TMC2340 

FM, PM 

OEI 

GND 

REF+ 
115 D1 (MSB) 

114 D2 

113 D3 

112 D4 

113 D5 

110 D5 

lg D7 

Is Ds 

17 Dg 

15 

15 

20MHz CRYSTAL !---------+--------' 
OSCILLATOR 

Expressed in terms of time instead of clock cycles, 

n 
lln + 22)/fclk =AMm/fclk cos IE PHm/fclk +PC • m/fclk) 

m-1 

Digital Synthesizer with TDC1012 D/A Converter 

Connection of the TMC2340 to the TDC1012 D/A 
converter is straightforward. As shown in Figure 9, the 
TDC1012 data lines are conner.ted to either the I nr 0 
outputs. Both outputs may be used, with two TDC1012's 
for quadrature synthesis. 

REF· COMP AGND DGND 

'Ef N.C. 
TDC1012 

M:NI ·CIRCUITS -= 
TT4· 1A 

·5.2V 21279A 

Nole: To use two TDC1012's in quadrature, connect second TDC1012 to 015 (MSB) to 04 and ground OEQ. 

TRW LSI Products Inc. 13 



TMC2340 
Control of. the TMC2340 

The TMC2340 needs to be initialized to tell it what 
frequency and amplitude sinusoid to generate. To initialize 
amplitude, apply the desired full-scale amplitude to the 
AM input port of the TMC2340 !AM 14 through AMol 

,-.. ·~·-.··. .,., .. 
increment values in the C and M registers 
!more about the M register in a later 
section I. 

and pull INA-HIGH for one clock cycle. This will load Mode 2 FM=O, PM=1 
the amplitude. If ENA is held HIGH, then the amplitude 
will follow the inputs on the AM port. If the user 
assumes an implied binary point before the MSB of the 
AM port, the input range will be 0 to just under 1, and 
the outputs will fall between 0 and 2, with binary points 
after 115 and 015. 

To set the frequency, the C register must be loaded with 
a value which is the phase increment per clock cycle. If 
the binary point is considered to be just left of the MSB 
!input range is 0 to almost 1 l then the output frequency 
is the TMC2340 clock frequency multiplied by the 
number loaded into C. Since C is 32 bits wide, with a 
20MHz clock, one LSB represents a frequency increment 
of 0.005Hz. 

To load the C register, set ENYP1=1 and ENYPo =0; 
the data presented at the PH port will be loaded on the 
next clock rising edge. 

At this point the TMC2340 has been initialized and can 
be put into one of three modes depending upon the 
states of FM and PM: 

Mode 0 

Mode 1 

14 

FM=O, PM=O 
In this mode the chip is in standby. The 
unchanging output corresponds to AM 
coslPMl on the I outputs with PM being 
the phase increment. 

FM=1, PM=O 
Frequency Modulation Mode. The chip 
generates an output signal of peak ampli­
tude AM and frequency determined by 
accumulating the sum of the phase 

Modulation 

Phase Modulation Mode. The TMC2340 
generates a sinusoid of the frequency 
represented in the C register and the peak 
amplitude in the AM register. On each 
clock cycle, the phase of the signal is offset 
by the valu_e in the M register. 

The output of the TMC2340 can be phase !Mode 21 or 
frequency !Mode 11 modulated. An unmodulated sinusoid 
results if the contents of registers C and M are held 
constant. Its frequency is set by C !Mode 21 or C + M 
!Mode 1). Since the state of the M register is not 
defined at power up, the M register should be loaded or 
cleared to begin operation. 

If the signal is to be frequency modulated then the 
modulation signal is loaded into the M register. The 
format for the frequency is the same as that for the C 
register. If ENYP 1 o = 0, 1 then the data that is 
presented at the PH port is automatically loaded on each 
clock rising. edge. 

For phase modulation, the phase deviation is loaded 
into the M register !same manner as for frequency 
modulation). The units of the phase offset are cycles and 
full-scale is just under one output cycle per TMC2340 
clock cycle. The MSB represents a phase of 180°, and 
the LSB a phase of about 8x10-8 degrees !eight one­
hundred-millionths of a degree). or '71"/231 radians. 

To synchronize two TMC2340s, first load them with their 
respective data in mode 0, then switch them simulta­
neously to either Mode 1 or Mode 2. 

TRW LSI Products Inc. 
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Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 

Pin Name Pin Name Pin Name Pin 

Al 05 B3 05 C5 GND El 

A2 07 B4 Og C6 Voo E2 

A3 Os B5 011 C7 GND E3 

A4 010 B6 013 CB Voo Ell 
A5 012 B7 GND C9 GND E12 
A6 014 BB 1, ClO GND E13 

A7 015 B9 13 Cll Voo Fl 

AB lo BlO 15 C12 111 F2 

A9 12 Bll 17 C13 113 F3 

AlO 14 B12 lg 01 OEO Fll 

All 15 B13 112 02 Oo F12 
A12 lg Cl o1 03 GNO F13 

A13 110 C2 02 011 GNO Gl 

Bl 03 C3 Voo 012 114 G2 

82 04 C4 GNO 013 115 G3 

13 © © © © © © © © © © © © © 
12 © © © © © © © © © © © © © 
11 ©©©©©©©©©©©©© 
10 © © © 
9 © © © 
8 © © © 
7 © © © 
6 © © © 
5 ©©© ©©© 
4 ©©© ©©© 
3 ©©©©©©©©©©©©© 
2 ©©©©©©©©©©O©© 

©©©©©©©©O©©©© 

ABCDEFGHJKLMN 
21041A 

TRW LSI Products Inc. 

Name Pin Name 

GND Gll GND 

GND G12 AM12 

Voo G13 AM13 

Voo Hl PM 

GND H2 FM 
ID H3 Voo 
OBIQ Hll A Mg 
GND H12 AM10 
CLK H13 AM11 

Voo Jl PHo 
GNO J2 PH1 

AM14 J3 PH3 
ENP1 Jll GNO 

EN Po J12 AM7 
GNO J13 A Ms 

Pin Name Pin Name Pin Name 

Kl PH2 LlO PH31 M12 AM1 
K2 PH4 Lll Voo M13 AM2 
K3 GND L12 AM3 Nl PHs 
Kll GND L13 AM4 N2 PH10 
K12 AM5 Ml PH5 N3 PH12 
K13 AM5 M2 PH9 N4 PH15 
L1 PH5 M3 PH11 N5 PH17 
L2 PH7 M4 PH13 NG PH19 
L3 GNO M5 PH15 N7 PH21 
L4 Voo M6 PH18 NS PH22 
L5 PH14 M7 PH20 N9 PH24 
L6 Voo MB PH23 NlO PH25 
L7 GNO M9 PH25 Nll PH29 
LB Voo MlO PH2s N12 PH30 
L9 PH27 Mll ENA N13 A Mo 

15 



TMC2340 

Pin Assignments - 132 Leaded CEROUAD, L5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name 

1 Voo 23 PH 1 45 Voo 67 Voo 89 GND 111 12 
2 NC 24 PH2 46 PHrn 68 AMl 90 115 112 VDD 

3 G4 25 PH3 47 PH19 69 AM2 91 Voo 113 11 
4 G3 26 PH4 48 PH20 70 GND 92 114 114 lo 
5 GND 27 PH5 49 GND 71 AM3 93 113 115 GND 

6 Q2 28 PH6 50 PH21 72 NC 94 112 116 Vss 
7 a1 29 GND 51 PH22 73 AM4 95 GND 117 G15 
8 Go 30 PH7 52 PH23 74 AM5 96 111 118 G14 
9 Voo 31 PH a 53 Voo 75 GND 97 110 119 G13 

10 OEQ 32 NC 54 PH24 76 AM5 98 NC 120 Voo 
11 GND 33 GND 55 PH25 77 AM7 99 Voo 121 G12 
12 GND 34 PH9 56 PH25 78 A Ms 100 19 122 n11 
13 CLK 35 NC 57 PH27 79 AM9 101 NC 123 Q10 
14 GND 36 PH10 58 PH2s 80 AM10 102 Is 124 GND 

15 TCXY 37 Voo 59 PH29 81 AM11 103 NC 125 G9 
16 EN Po 38 PH11 60 PH30 82 AM12 104 GND 126 as 
17 GND 39 PH12 61 PH31 83 GND 105 17 127 G7 
18 ENP1 40 PH13 62 NC 84 AM13 106 15 128 NC 
19 FMo 41 PH14 63 ENA 85 AM14 107 15 129 GND 

20 PM1 42 PH15 64 NC 86 GND 108 GND 130 G5 
21 Voo 43 PH15 65 NC 87 Voo 109 14 131 NC 
22 PHo 44 PH17 66 A Mo 88 DERX 110 13 132 G5 

132 100 

34 66 21062A 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2340H5C1 STD-TA =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2340H5C1 

TMC2340H5C STD-TA =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2340H5C 

TMC2340L5V1 EXT-Tc= -55°C to 125°C MIL-STD-8838 132 Leaded CERQUAD 2340L5V1 

TMC2340L5V EXT-Tc= -55°C to 125°C MIL-STD-8838 132 Leaded CERQUAD 2340L5V 

Ati parameters comainea m mis spec1i1cat1on are guaranteea oy aes1gn, cnaracterization, sample testing or 100% testing as appropriate. Tffvv reserves the rigi"n 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

TRW LSI Products Inc. 17 
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Imaging Products 

TRW has provided image processing components to the television brocasting industry since the mid 
1970s; many of the products in this databook have applications in this area. 

Specifically designed for image processing are the Image Resampling Sequencers (TMC2301, 
TMC2302). These address generators are given an image manipulation transfer function representing a 
shift, rotate, warp, or zoom. They product sets of memory pixel addresses that translate to the desired 
pixel in the output image. High-speed processing elements such as the TMC2249 Mixer and TMC2250 
Matrix Multiplier accept these input pixels and compute the values of the output pixels. 

The TMC2272 Colorspace Converter is a completely programmahle device that can convert between 
any two color image representations (working in conjunction with the TMC2330 Coordinate 
Transformer when dealing with HSI-type representations). 

The TMC2330 itself is tailored to convert between vector and rectangular coordinate systems - as is 
necessary to put a radar or ultrasound image on a raster scan display. It is used in general vector image 
processing, as well as reconstructing CAT and NMR images. 

The TMC2311 Fast Cosine Transform is the fundamental element in the major appproaches to image 
compression. TRW will shortly introduce companion devices that implement standard compression 
algorithms. 

Other products include a Half-Band Filter, Image Convolver, Digital Mixer, and Image Filters, all 
designed to process images efficiently in real-time. 

TRW LSI Products Inc. 



Imaging Products 7Rn 
Clock 
Rate 1 Power 1 

Product Description Size (MHz) (Watts) Package Grades 2 Notes Paga 

TMC1028 Digital FIR Filter 4x4x8 10 3.7 J4 48 Pin DIP C, A Cascadeable. H3 

TMC2242-1 Half-Band Digital Filter 12116-Bit 40 0.5 R2 44 Lead PLCC c 2:1 Interpolate or Decimate. H15 
30 0.5 R2 44 Lead PLCC c Low-Pass (~6dB@0.25FS) 

TMC2243 Video Filter 10x10x3 20 0.5 GB 69 Pin PGA C, V Cascadeable. H29 
HS 69 Pin PPGA c 

TMC2246-1 Image Filter 10x11 Bit 40 0.5 H5 121 Pin PPGA c Four-Pixel lnterpolator. H43 
L5 132 Lead CERQUAD v 

30 0.5 H5 121 Pin PPGA c 
L5 132 Lead CERQUAD v 

TMC2249-1 Digital Mixer 12x12x2 30 0.5 H5 121 Pin PPGA c Cascadeable. H55 
L5 13Head CERQUAD v Programmable Delays. 

25 0.5 H5 121 Pin PPGA c 
L5 132 Lead CERQUAD v 

TMC2250-2 Matrix Multiplier 12x10x9 40 1.2 H5 121 Pin PPGA c 20 Convolution 3 x 3, 2 x 4. H69 
-1 36 1.2 H5 121 Pin PPGA c 10 Convolution, 9 Taps. 

Gl 121 Pin PGA v 3 x 3 Matrix x 3 x 1 Vector. 
30 1.2 H5 121 Pin PPGA c 

Gl 121 Pin PGA v 
TMC2255-1 20 Convolver 5x5x8Bit 12.5 0.6 Rl 68 Lead PLCC c 3 x 3, Symmetric 5 x 5 H89 

10 0.6 Rl 68 Lead PLCC c 20 Convolver. 

TMC2272-2 Color Space Converter 3x 12 Bit 40 1.2 H5 121 Pin PPGA c 3 x 3 Matrix x 3 x 1 Vector. E3 
-1 36 1.2 H5 121 Pin PPGA c 

30 1.2 H5 121 Pin PPGA c 
TMC2301-2 Image Resampling 4K x 4K Pixels 20 0.5 GB 68 Pin Grid Array c Second Order. E39 

Sequencer Rl 68 Lead PPGA c 2-Dimension. 
-1 18 0.4 GB 68 Pin Grid Array C, V SMD 

Rl 68 Lead PPGA c 
L1 68 Leaded CC v 

15 0.4 GB 68 Pin Grid Array C, V SMD 
Rl 68 Lead PPGA c 
Rl 68 Leaded CC v 

TMC2302-1 Image Manipulation 65K x 65K Pixels 40 0.4 H5 121 Pin PPGA c Third Order. E41 
Sequencer 30 0.4 H5 121 Pin PPGA c 3-Dimension. 

TMC2311-2 Fast Cosine Transform 12-Bit 17.8 0.7 Rl 68 Lead PLCC c Data Compression Processor. F47 
-1 14.5 0.7 Rl 68 Lead PLCC c Meets CCITT Specifications. 

17.8 0.7 Rl 68 Lead PLCC c 8 x 8, 2-Dimension. 

TMC2330-1 Coordinate 16x 16 Bit 25 0.7 H5 121 Pin PPGA c Cartesian - Polar Conversion. F65 
Transformer L5 132 Lead CERQUAD v 

20 0.7 H5 121 Pin PPGA c 
L5 132 Lead CERQUAD v 

Notes: 1. Gua~anteed. See product specifications for test conditions. 

2. A=High Reliability, Tc= -55°C to 125°C. 
C=Commercial, TA=0°C to 70°C. 
V=MIL-ST0-883 Compliant, Tc= -55°C to 125°C 
SMD=Available per Standardized Military Drawing, Tc= -55°C to 125°C. 
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··~·· 

Digital Colorspace Converter/Corrector 
36 Bit Color (12 Bits x 3 Components) 40MHz 
A 40MHz, three-channel, 36 bit (three 12-bit components) 
colorspace converter and color corrector, the TMC2272 
uses 9 para!!el mu!tip!iers tG process high-resG!utiGn 
imagery in real time. 

The TMC2272 also operates at any slower clock rate and 
with any smaller data path width, allowing it to handle all 
broadcast and consumer camera, frame-grabber, encoder/ 
decoder, recorder and monitor applications as well as most 
electronic imaging applications. 

The TMC2272's processing ability allows colorspaces to be 
optimized for every input or output device; camera, 
monitor, transmission or storage medium in real time, 
regardless of the signal format required by each stage in a 
system. For instance, a frame buffer may be operated in 
any desired colorspace in an otherwise RGB system with 
the use of two TMC2272s for translation to and from the 
desired frame-buffer colorspace. 

Logic Symbol 

KA (9. 0) .&---__.._/I 

A complete set of three 12-bit samples is processed on 
every clock cycle, with a five-cycle pipeline latency. Full 
23-bit (for each of three components) internal precision 
is provided with 10-bit user-defined coefficients. The 
coefficients may be varied dynamically, with three new 
coefficients loaded every clock cycle. (The full set of nine 
can be replaced in three clock cycles.) Rounding to 12 bits 
per component is performed only at the final output. This 
allows full accuracy with correct rounding and overflow 
headroom for applications that require less than 12-bit per 
component. All inputs and outputs are registered on the ~ 
rising edges of the clock. ~ 

The TMC2272 is fabricated in TRW's OMICRON-C™ 
1 µCMOS process and has fully guaranteed performance 
over the full commercial temperature range of Oto 70°C, 
and all other operational conditions specified in the 
Operating conditions table. The TMC2272 is available in 
a 121-pin plastic pin-grid array (PPGA) package in three 
speed grades. 

COEFFICIENT 
INPUTS AND 
WRITE 
SELECT 

KB (9. Q) ....___,__ ,.., TMC2272 

KC (9. 0) ....___,__,... 

CWEL(1,0) 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone: 1619) 457· 1000 
FAX: (619) 455-6314 

24042A 
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TMC2272 

Features 

• 40MHz (25ns) Pipelined Throughput 
• 3 Simultaneous 12-Bit Input And Output Channels 

(64 Giga [236] Colors) 
• Two's Complement Inputs And Outputs 
• Overflow Headroom Available In Lower Resolution 
• 10-Bit User-Defined Coefficients 
• TTL-Compatible Input And Output Signals 
• Full Precision Internal Calculation 
• Output Rounding 
• On-Board Coefficient Memory 
• OMICRON-C™ 1µCMOS process 

Applications 

• Translation Between Component Color Standards 
(RGB, YIO, YUV, etc.) 

• Broadcast Composite Color Encoding And Decoding 
(All Standards) 

• Broadcast Composite Color Standards Conversion 
And Transcoding 

• Camera Tube And Monitor Phosphor Colorimetry 
Correction 

• White Balancing And Color-Temperature Conversion 
• Image Capture, Processing and Storage 
• Color Matching Between Systems, Cameras And 

Monitors 
• Three-Dimensional Perspective Translation 

4 

Associated Products 

• TDC1058 A/D Converter 
• TDC1049 A/D Converter 
• TMC2242 lnterpolator/Decimator 
• TMC2330 Rectangular/Polar Converter 
• TDC1012 D/A Converter 
• TMC0171 D/ A Converter 

TRW LSI Products Inc. 
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Figure 1. Functional Block Diagram 
..:'.""'------------------------..CWSEL1,o=11 

, , ~· CWSEL1, O = 1 0 ENABLE K_Z 
'----~ ,cwSEL1,0=01 ENABLEK_Y 

ENABLE K_X 

X11·0 Y11-0 Z11. 0 
24043A 
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Functional Description 

General Information 

The TMC2272 is a nine-multiplier array with the 
internal bus structure and summing adders needed to 
implement a 3 x 3 matrix multiplier (triple dot product). 
With a 40MHz guaranteed maximum clock rate, this device 
offers video and imaging system designers a single-chip 
solution to numerous common image and signal-processing 
problems. 

The three data input ports (A11-o. B11-o. C11-ol accept 
12-bit two's complement integer data, which is also the 
format for the output ports (X 11-Q, Y 11-0. and Z 11-Q). 
Other format and path width options are discussed in the 
numeric format and overflow section. The coefficient input 
ports (KA KB, KC) are always 10-bit two's complement 
fractional. Table 2 details the bit weighting. 

Full precision is maintained throughout the TMC2272. 
Each output is accurately rounded to 12-bits from the 
23-bits entering the final adder. 

Signal Definitions 

A(n), B(n), C(n) Indicates the data word presented to 
that input port during the specified 
clock rising edge (n). Applies to input 
ports A11-o. 811-0. and C11-o. 

KAX(n) thru KCZ(n) Indicates coefficient value stored in 
the specified one of the nine onboard 
coefficient registers KAX through KCZ, 
input during or before the specified 
clock rising edge (n). 

X(n), Y(n), Z(n) Indicates data available at that output 
port too after the specified clock rising 
edge (n). Applies to output ports X11-o. 
Y 11-0. and Z 11-0· 

The TMC2272 utilizes six input and output ports to realize a 
"triple dot product," in which each output is the sum of all 
three input words in multiplied by the appropriate stored 
coefficients. The three corresponding sums of products are 
available at the outputs five clock cycles after the input 
data are latched, and three new data words rounded to 
12-bits are then avai I able every clock cycle. See the 

6 

Applications Discussion regarding encoded video 
standard conversion matrices. 

X(5) = A(1)KAX(1)+8(1 )KBX(1) + C(1 )KCX(1) 
Y(5) = A(1 )KAY(1) + 8(1 )KBY(1) + C(1 )KCY(1) 
Z(5) = A(1 )KAZ(1) + 8(1 )KBZ(1) + C(1 )KCZ(1) 

Pin Definitions 

Power 

Voo, GND 

Control 

The TMC2272 operates from a single 
+5V supply. All pins must be connected. 

CWSEL 1-0 This input selects which three of the 9 
coefficient registers, if any, will be updated 
on the next clock cycle from the KAg-o, KB9-0 
and KCg-o inputs. See Table 4 and the 
Functional Block Diagram. 

Clock 

CLK The TMC2272 operates from a single system 
clock input. All timing specifications are 
referenced to the rising edge of clock. 

Data and Coefficient Inputs 

A11-0. 811-0. C11-o These are the three 12-bit wide data 
input ports. 

KAg-o, KBg-o. KCg-o These are the 10-bit wide coefficient 
input ports. The value at each of 
these three inputs will update one 
coefficient register as selected 

Outputs 

by the coefficient write select 
(CWSEL 1-ol on the next clock. 
See Table 1 and the Functional 
Block Diagram. 

X 11-0. Y 11-0. Z 11-0 These are the data outputs. Data 
are available at the 12-bit registered 
Output Ports X, Y, and Z too after 
every clock rising edge. 

TRW LSI Products Inc. 
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Table 1. Coefficient Loading 

CWSELtO 

00 01 10 11 

Hold Load Load Load 

Input KAs-o All KAX KAY KAZ 

Hold Load Load Load 

Input KBs-o All KBX KBY KBZ 

~01rl l0ed !_0gd !_0gd 

Input KCs-o I All I KCX I KCY I KCZ 

Package Interconnections 

Signal Signal 
Type Name Function H5 Package 

Power VDD Supply Voltage F3, H3, L7, CB, C4 

GND Ground E3, G3, J3, L4, L6, H 11, C7, C5, A4, B5 

Clock CLK System Clock Dll 

Controls CWSEL1,o Coefficient Write Select J12, J13 

Inputs A11-0 Data Input A El 1, D13, E12, E13, Fl 1, F12, 

F13, G13, Gll, G12, H13, H12 

B11-0 Data Input B BlO, All, Bll, ClO, A12, B12, 

C11,A13, C12, B13, C13, D12 

C11-o Data Input C A5, C6, B6, A6, A7, B7, 

AB,BB,A9,B9,A10,C9 

KAs-o Coefficient Input KAX, KAY, K13, Jl 1, K12, L13, L12, Kl 1, 

or KAZ M13, M12, Ll 1, N13 

(See Pin Definitions and 

Table 1) 

KBs-o Coefficient Input KBX, KBY, Ml 1, LlO, N12, Nl 1, MlO, L9, 

orKBZ NlO, M9, N9, LB 

(See Pin Definitions and 

Table 1) 

KCs-o Coefficient Input KCX, KCY, MB, NB, N7, M7, N6, M6, 

or KCZ N5, M5, N4, L5 

(See Pin Definitions and 

Table 1) 

Outputs X11-0 Output X B4, A3, A2, B3, A 1, C3, 

B2, Bl, D3, C2, Cl, D2 

Y11-o Output Y D1, E2, El, F2, Fl, G2, Gl, 

Hl, Kl, J2, Jl, H2 

Z11-o Output Z M4, N3, M3, N2, M2, L3 

Nl, L2, K3, Ml, Ll, K2 

TRW LSI Products Inc. 7 
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Figure 2. Impulse Response 

CLK 

cwsEL1,0 X 01 XX 10 XX 11 A 
KA, KB, KC x (K_X) xx (K_Y) xx (K_Z) x 

DATA IN A, B, C 

XOUT 

YOUT 

ZOUT 

Figure 3. Input/Output Timing Diagram 
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KA, KB, KC 

~ to 

X, Y, Z PREVIOUS NEW 

1HO~ 21510A 

8 

00 

KAX + KBX + KCX 

A. X 

KAZ + KBZ + KCZ 

A. X 21509A 

TRW LSI Products Inc. 



TMC2272 

Numeric Format and Overflow 

Table 2 shows the binary weightings of the input and 
output ports of the TMC2272. Although the internal sums 
of products could grow to 23-bits. the outputs X, Y. and Z 
are rounded to yield 12-bit integer words. Thus the output 
format is identical to the input data format. Bit weighting 
is easily adjusted by applying the same scaling correction 
factor to both input and output data words. 

As shown in Table 2. the TMC2272's matched input 
and output data formats accommodate OdB (unity) gain. 
Therefore the user must be aware of input conditions 
that could lead to numeric overflow. Maximum input data 
and coefficient word sizes must be taken into account with 
the specific translation performed to ensure that no 
overflow occurs. 

Use with Fewer Than 12 Bits 

The TMC2272 can be configured to provide several format 
and overflow options when used in systems with fewer 
than 12-bits of resolution. An 8-bit system will be used as 
an example, however these concepts apply to any other 
word width. 

The most apparent mode of operation is to left justify 
the incoming data and to ground the unused input LSBs. 
However. the outputs will still be rounded to the least 
significant bit of the TMC2272. having little if any effect 
on the top 8 bits actually used. Because the TMC2272 
carries out all calculations to full precision, the preferred 
mode of operation is to right justify and sign extend the 
data as shown in Figure 4. Since all the LSBs are used, 
the desired output wi II be rounded correctly. and overflow 
vvH~ be accommodated by blts 7 through 10. 

The TMC2272 may also be used in unsigned binary 8-bit 
systems as shown in Figure 5. Bits 11 through 8 will 
handle overflow. 

In all applications. a digital zero (ground) should be 
connected to al I unused inputs. 

Table 2. Bit Weightings for Input and Output Data Words 

Bit Weights 211 210 29 28 27 26 25 24 23 22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-B 2-9 

INPUTS 

All Modes 
Data A, B, C -111 110 lg Is 17 15 15 14 13 lz 11 lo 

Coefficients -Kg . Ks K1 Ks K5 K4 K3 Kz Kl Ko 
KA, KB, KC 

Internal Sum Xzo X19 X18 X17 X15 X15 X14 X13 X12 X11 X10 Xg XS X7 Xs X5 X4 X3 Xz X1 Xo 

OUTPUTS 

X, Y,Z -011 010 Og Os 07 05 05 04 03 D2 D1 Do 

Note: A minus sign indicates a two's complement sign bit. 

TRW LSI Products Inc. 9 
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Figure 4. Two's Complement 8-Bit Application Figure 5. Binary 8-Bit Application 
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Absolute maximum ratings (beyond which the device may be damaged)l 

Supply Voltage ............................................................................................................................................................................................... -0.5 to +7.0V 

Input Voltage ..................................................................................................................................................................................... -0.5 to (Voo + 0.5)V 

Output 

Applied voltage ..................................................................................................................................................................... -0.5 to (Voo + 0.5)V2 

Forced current ............................................................................................................................................................................... -6.0 to 6.0mA3.4 

Short-circuit duration 
(single output in HIGH state to ground) .................................................................................................................................................. 1 sec 

Temperature 

Operating case .................................................................................................................................................................................. -6010 +130°C 

junction ................................................................................................................................................................................................. 175°C 

Lead soldering (10 seconds) ......................................................................................................................................................................... 300°C 

Storage ............................................................................................................................................................................................................. -65 to 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max Units 

voo Supply Voltage 4.75 5.0 5.25 v 
V1L Input Voltage,Logic LOW 0.8 v 
V1H Input Voltage,Logic HIGH 2.0 v 
IQ!_ 011tp11t C11rrent_Logic LOW 4.0 mA 

IOH Output Current,Logic HIGH -2.0 mA 

tcy Cycle Time 

TMC2272 33 ns 

TMC2272-1 27.7 ns 

TMC2272-2 25 ns 

tPWL Clock Pulse Width,LOW 

TMC2272 15 ns 

TMC2272-1 12 ns 

TMC2272-2 10 ns 

tPWH Clock Pulse Width,HIGH 10 ns 

ts Input Setup Time 

TMC2272 8 ns 

TMC2272-1 7 ns 

TMC2272-2 6 ns 

tH Input Hold Time 

TMC2272 3 ns 

TMC2272-1 3 ns 

TMC2272-2 2 ns 

TA Ambient Temperature, Still Air 0 70 oc 

TRW LSI Products Inc. 11 
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Electrical characteristics within specified operating conditions1 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

IDDQ Supply Current, Quiescent Voo=Max, V1N=OV 12 mA 

ioou Supply Current, Unloaded Voo=Max, f=20MHz 160 mA 

llL Input Current.Logic LOW2 Voo=Max, V1N=OV -10 uA 
llH Input Current.Logic HIGH2 Voo=Max, V1N=Voo 10 uA 

IQIL Input Current,Logic LOW3 Voo=Max, V1N=OV -40 uA 

IQIH Input Current,Logic HIGH3 Voo=Max, V1N=Voo 40 uA 

VQL Output Voltage.Logic LOW Voo=Min, IQL=4mA 0.4 v 
VQH Output Voltage.Logic HIGH Voo=Min, IQH=-2mA 2.4 v 
ios Short-Circuit Output Voo=Max, Output HIGH, -20 -80 mA 

Current One Pin to Ground, 

One Second Duration Max. 

C1 Input Capacitance T A=250C, f= 1 MHz 10 pF 

Co Output Capacitance T A=250C, f= 1 MHz 10 pF 

Notes: 1 Actual test conditions may vary from those shown. but guarantee operation as specified. 

2. Except pins X11-o. Y11-o 

3. Pins X11-o. Y11-8 only 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

to Output Delay Voo=Min, CLQAD=25pF 
TMC2272 18 ns 
TMC2272-1 17 ns 
TMC2272-2 16 ns 

IHQ Output Hold Time Voo=Max, CLQAD=25pF 
TMC2272 4 ns 
TMC2272-1 3 ns 

TMC2272-2 3 ns 

12 TRW LSI Products Inc. 



TMC2272 

Figure 6. Equivalent Input Circuit 

Yoo 
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Applications Discussion 

The TMC2272 can convert between any two three­
coordinate colorspaces with the selection of the proper 
coefficients. Sets of coefficients for some popular 
colorspace conversions are presented below. 

By concatenating coefficient matrices of single 
transformations, the user can program the TMC2272 to 
perform compound transforms efficiently. For example, 
given an RGB input, correction of the relative values of R 
and B, for color temperature, conversion to YIQ, 

Figure 8. Concatenation 

Figure 7. Equivalent Output Circuit 

21121A 

modification of contrast by changing Y, and conversion 
back to RGB can be performed as quickly and easily as any 
simple transformation. To calculate the final set of 
coefficients from the coefficients of the individual 
transformations, the procedure in Figure B(concatenation) 
is used. If more than two matrices are to be combined, tho 
result from the concatenation of the first two matrices is 
concatenated with the third. If more matrices must be 
incorporated in the final function, the last step is repeated. 

A B C 
D E F 
G H I 

J K L 
M N 0 
p Q R 

AJ + BM + CP AK + BN + CQ 
= DJ + EM + FP DK + EN + FQ 

GJ + HM + IP GK + HN + IQ 

AL+ BO+ CR 
DL + EO +FR 
GL +HO+ IR 

24046A 
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Converting Video Data from RGB to VIQ or VUV 

The TMC2272 simplifies the task of converting encoded 
color video data between the RGB (color component) 
format and the YIO (quadrature encoded chrominance) or 
YUV (color difference) format. Beginning with RGB 
component data, the standard relationships, with 8-bit 
quantization, are: 

Y = (77R + 150G + 298)/256 and Y = (77R + 150G + 298)/256 
I= (153R - 71G-828)/256+128 
Q = (54R - 134G + 808)/256 + 128 

U = (131R-110G-218)/256 + 128 
V = (-44R - 87G + 131 B)/256 + 128 

In digital systems, I and Q or U and V are sometimes 
renormalized to: · 

I = ( 128R - 59G - 698)/256 
Q = (52R - 128G + 768)/256 
U = ( 128R - 107G - 21 B)/256 
V = (-43R - 85G + 1288)/256 

With each coefficient expressed as a fraction of 256, these 
numbers are easily converted to binary for loading into the 
coefficient storage of the TMC2272. The half-scale (80hex) 
offsets included in the chrominance and color-difference 
terms can easily be added to the appropriate sums after 
the matrix multiplication, if desired. Table 3contains the 
10-bit two's complement coefficients to be loaded into 
the TMC2272 to perform the desired conversion from 
RGB format. Once these factors are in place the user 
can continuously convert encoded data at real-time video 
rates. with three new encoded outputs available on every 
clock cycle. · 

Table 3. Colorspace Conversion Coefficients1,2 

Conversion KAX KAY KAZ 

RGB to YIQ 040 099 036 
RGB to YIQ3 040 080 034 
RGB to YUV 040 083 304 
RGB to YUV3 040 080 305 

KBX KBY KBZ 

096 389 37A 

096 3C5 380 

096 392 3A9 

096 395 3AB 

KCX 

010 
010 

010 

010 

Notes: 1. All entries are given in 10-bit two's complement hexadecimal such that all entries beginning in "2" or "3" are negative. 

2. This table assumes the following bus assignments: 

R 

G 

B 

' , 
' , 
' / 

__.. A1N XouT 
...... BIN Your 
...... CIN loUT ~ 

..... 

...... 
~ 

...... 
~ 

y 

IORU 

QORV 

3. Second and fourth rows are renormalized such that largest coefficient= .5 IOBOhexl. 

21420A 

KCY 

3AE 
3BB 

3EB 

3EB 
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04C 

083 
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Converting Video Data from YIO or VUV to RGB 

With a different set of coefficients, the TMC2272 can 
perform the inverse conversions, whose governing 
equations are: 

R = (256Y + 2431 + 1590)/256 
G = (256Y - 721 - 1640)/256 
B = (256Y - 2841 + 4430)/256 

and 

Since the first YUV----::> RGB equation set includes the 
coefficient "520," 1.ivh!ch vvor.'t flt !ntc a 10-b~t tvvc' s 
complement integer format, we must either divide all 
coefficients by 2, degrading precision by one bit, or by 
520/511. In Table 4, the 520/511 correction factor was 
selected. 

R = (256Y +OU + 292V)/256 
G = (256Y - 101 U - 149V)/256 
B = (256Y + 520U + OV)/256 

The values corresponding to digital normalization (see RGB 
to YIO discussion) are: 

R = 256Y + 2921 + 1670)/256 
G = (256Y 861 -1720)/256 
B = (2561 - 3411 + 4560)/256 

and 

Table 4. Colorspace Conversion Coefficients1.2 

Conversion KAX KAY KAZ 

YIQ to RGB 100 100 100 

YIQ to RGB3 100 100 100 

YUV to RGB OFC OFC OFC 

YUV to RGB3 100 100 100 

R = (256Y +OU + 359V)/256 
G = (256Y - 88U 183V)/256 
B = (256Y + 453U + OV)/256 

KBX KBY KBZ 

OF3 388 3E4 

.124 3AA 2AB 

000 390 lFF 

000 3A8 125 

KCX 

09F 

OA7 

11F 

167 

Notes: 1. All entries are given in 1 D·bit two's complement hex, such that all entries beginning in "2" or "3" are negative. 

2. This table assumes the following bus assignments 

y ,__ _ _____,., A1N XouT ---~ R 

I OR u ,__ _ _____,., B1N YouT ,__ ___ G 

QORV C1N ZouT 1-----· B 21421A -------
3. Second and fourth rows are renormalized such that largest coefficient= .5 (OBDhexl. 

TRW LSI Products Inc. 
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KCY KCZ 

35C lBB 

354 101 

36E 000 

349 000 
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HSV (HSI) Format Conversions 

HSV (or HSI) refers to Hue (color) Saturation (vividness) and 
Value (intensity or brightness). quantities which are directly 
related to the human perception of light and color. The V 
(or I) levels are simply the Y (or luminance) levels. Hue and 
Saturation are derived from the R-Y and B-Y color 
difference values of a signal. 

HSV Calculations: 

Value (V) =Intensity (I)= Y 
Hue (H) = Arctan (B-Y/R-Y) 
Saturation (S) = vf(R-Y)2 + (B-Y)2 
R-Y = S * cos(H) 
B-Y = S * sin(H) 

Figure 9. Conversion to HSV 

12_i... 
L z 

X11.o(Y) 

z 
12 

One may use two 64Kx8ROM look-up-tables to calculate 
Hue and Saturation from R-Y and B-Y in an 8-bit system. 
However, the finite size of this LUT may limit performance, 
especially if the TMC2272's full precision is used. The 
TMC2330, developed to translate between rectangular 
and polar coordinatEls, can perform the trigonometric 
transformations to 16 bit precision at 25MHz. These 
calculations are the the same as required in HSV 
calculations. A 4 Giga-byte x 32 bit LUT can achieve the 
same accuracy and precision as the TMC2330, if it is 
programmed correctly. 

To convert between Y, R-Y, B-Y and HSV, the the TMC2272 
isn't needed at all; simply use the TMC2330 .. To convert 
between HSV and any other format. use the'TMC2330 to 
translate between HSV and Y, R-Y, B-Y. and use the 
TMC2272 to translate between Y, R-Y. B-Y and the other 
format. See Figures 9 and 10. 
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) .L .L 
12 NOTE 1 V NOTE 1 '12 
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H 
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Notes 1. Connect TMC2272 MSBs (Bits 11) to TMC 2330 MSBs (Bits 15) and also to TMC2330 Bits 14-11. Connect TMC2272 LSBs (Bits 10-0) to TMC2330 LSBs (Bits 10-0) 
TMC2330 output bits 14-11 are overflow. 

2. TMC2272 Y11-0 outputs should not be confused with the designation "Y" used to signify the intensity components. The assignment of components to TMC2272 inputs 
and outputs may be altered through the selection of appropriate coefficients. 

Figure 10. Conversion from HSV 
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Notes: 1. Connect input MSBs (Bits 11) to TMC2330 MSBs (Bits 15( and also to TMC2330 Bits 14-11. Connect input LSBs (Bits 10-0) to TMC2330 LSBs (Bits 10-0) 

2. TMC2272 Y11-0 outputs should not be confused with the designation 'Y' used for an intensity component. Component assignment depends on the coefficients used. 
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Input Interpolation/Output Decimation and Filtering 

In some applications the two color-difference signals 
(R-Y/B-Y or Cr/Cb, for example,) are transmitted at one-half 
the rate of the luminance (Y) signal. These two color-
difference signals are often multiplexed to o~e signa! · 
which is at the same sample rate as the luminance signal. 
In many applications, if the color difference signals are 
already band-limited, it is satisfactory to use the same 
color difference sample for each two luminance samples. 
Little improvement is obtained with a simple averaging 
([A+B]/2) interpolation filter. If the color difference s1g~al 
is not band-limited, either of these two methods may yield 
unsatisfactory results due to aliasing. In this case, a TRW 
TMC2242 digital low-pass ("half-band") interp~lating fil.te.r 
will correctly band-limit each color difference signal as 1t 1s 
interpolated. See Figure 11. 

The same methods are used to decimate the color 
difference outputs. Simple decimation by removing every 
other sample of color information may yield unsatisfactory 
results due to aliasing. This is a problem because the color 
difference signals have now been transformed with the 
higher-bandwidth luminance signals and therefore have 
higher bandwidths than they ~ad befor~ the trans.form. 
The best performance is obtained by using a precise low­
pass ("half-band") decimation filter such as the ~RW 
TDC2242 to remove aiiasing components. See Figure 12. 

Figure 11. Input Interpolation and Filtering 
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2. See TMC2242 Datasheet for-further information. 

Figure 12. Output Decimation and Filtering 
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The TDC2242 is a bi-directional, selectable rate filter/ 
interpolator /deci mator. 
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TMC2272 

Pin Assignments -121-Pin Plastic Pin Grid Array H5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name 

Al X7 85 GNO cg Co Fl Y7 H13 Ai 
A2 Xg BS Cg ClO Ba F2 Ya Jl Y1 
A3 X10 87 Cs Cll 85 F3 Voo J2 Y2 
A4 GNO 88 C4 C12 83 Fll A1 J3 GNO 
A5 C11 sg C2 C13 81 F12 As J11 KAs 
AS Cs 810 811 01 Y11 F13 A5 J12 CWSEL1 
A7 C7 811 Bg 02 Xo Gl Y5 J13 CWSELQ 
AS C5 B12 Bs 03 X3 G2 Y5 K1 Y3 
Ag C3 B13 B2 011 CLK G3 GNO K2 Zo 
AlO C1 Cl X1 012 Bo Gll A3 K3 Z3 
All Bio C2 X2 013 A10 G12 A2 Kll KA4 
A12 B1 C3 Xs El Yg G13 A4 K12 KA7 
A13 B4 C4 voo E2 Y10 Hl Y4 K13 KAg 
Bl X4 C5 GNO E3 GNO H2 Yo L1 z, 
B2 X5 CS C10 E11 All H3 Voo L2 Z4 
B3 Xs C7 GNO E12 Ag Hll GNO L3 Zs 
B4 X11 cs Voo E13 As H12 Ao L4 GNO 

Note: Pin 04 has no electrical connection. It is a mechanical orientation pin. 
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13 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0000000000000 
10 000 000 
9 000 000 
8 000 000 

000 000 
000 000 

5 000 000 
4 000 000 
3 0000000000000 
2 0000000000000 
1 0000000000000 

A B C D E F G H J K l M N 
21041A 

-~·-· ,,, .. 
Pin Name Pin Name 

L5 KCo Mg KB2 
LS GNO MlO KB5 
L7 voo Mll KBg 
LS KBo M12 KA2 
Lg KB4 M13 KA3 
LlO KB a Nl Z5 
Lll KA1 N2 Zs 
L12 KA5 N3 Z10 
L13 KA5 N4 KC1 
Ml Z2 N5 KC3 
M2 Z7 NS KC5 
M3 Zg N7 KC7 
M4 Z11 NS KCs 
M5 KC2 Ng KB1 
MS KC4 NlO KB3 
M7 KCs Nll KB5 
MS KCg N12 KB7 

N13 KAo 

TRW LSI Products Inc. 



TMC2272 

Ordering Information 

Product S~eed Temperature Range Screening Package Package 
Number Hz Marking 

TMC2272H5C 30 STD-TA= 0°c to 70°C Commercial 121 Pin Plastic PGA 2272H5C 
TMC2272H5C-1 36 STD-TA= 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-1 
TMC2272H5C-2 40 STD-TA = 0°C to 70°C Commercial 121 Pin Plastic PGA 2272H5C-2 

All parameters in this specification are guaranteed by design, characterization, sample testing at 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent r;ghts o! TRW 
Inc. or others. 

Life Support Policy 

TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can 
reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such 
use and indemnifies TRW LSI Products Inc. and TRW Inc. against all damages. 

TRW LSI Products Inc. 19 
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TMC2301 

CMOS Image Resampling 
Sequencer 
15, 18MHz 

The T~~C2301 ~s a VLS! c!:cu!t 'Nh!ch supports :mage 
resampling, rotation, rescaling, and filtering by generating 
input bit plane, interpolation coefficient lookup table, and 
output bit plane memory addresses along with external 
multiplier-accumulator control signals. The TMC2301 
can process data fields of up to 4096 x 4096 multibit 
words at a clock rate of up to 1 BMHz. An IRS- based 
system can nearest-neighbor resample a 512 x 512 
image in 15 milliseconds, translating, zooming, rotating, 
or warping it, depending on the transform parameter set 
loaded. A complete bilinear interpolation of the same 
image can be completed in 60 milliseconds. Image 
resampling speed is independent of the angle of rotation, 
degree of warp, or amount of zoom specified. 

A high performance, TMC2301- based system can 
execute bilinear and cubic convolution algorithms that 
rotate images accurately and in real time. Keystone or 
other perspective correction, image plane distortion, and 
numerous other second order polynomial transformations 
can be programmed and executed under direct user 
control. Direct access to the interpolation coefficient 
lookup table allows dynamic modification of the 
algorithm. 

Following an initialization with the transform parameters 
and control bits defining the operation to be executed, 
the IRS assumes control of the input and output data 
fields and executes unattended. Data word size is user 
selectable. All inputs except INTER and all outputs are 
registered on the rising edge of clock. All outputs are 
three-state controlled except ACC, CZERO, END, and 
DONE. 

Fabricated in TRW's OMICRON - C™ one micron CMOS 
process, the TMC2301 operates at clock rates of up to 
1 BMHz over the full commercial (0 to 70°C) temperature 
and 15MHz over the extended (-55 to +125°C) 
temperature and supply voltage ranges. All signals are 
TTL compatible. 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 
• Rotation, Warping, Panning, Zooming, And 

Compression Of Images In Real Time 
• 1 BMHz Clock Rate 
• 4096 x 4096 image Fieid Addressing Capability 
• User- Selectable Nearest- Neighbor, Bilinear 

Interpolation, And Cubic Convolution Resampling 
Algorithms 

• Static Convolutional Filtering Of Up To 16 x 16 Pixel 
Windows 

• Single - Pass Or Two- Pass Convolution Operations 
• Low Power- Consumption CMOS Process 
• Single 5V Power Supply 
• Available In A 68 Pin Grid Array And Low- Cost 

Plastic Leaded Chip Carrier (J - Bend) 

Applications 
• Video Special - Effects Generators 
• Image Recognition Systems, Robotics 
• Artificial Intelligence 
• High- Precision Image Registration (LANDSAT 

Processing) 
• High-Speed Data Encoding/Decoding 
• General Purpose Image Processing 
• Image Data Compression 

Logic Symbol 

LOR 

WEN 

83.0 

~ 12 
P11. 0 

CLK 

INIT 

INTER 

NOOP 

OETA 

X11·0 

CA7.o 

CZ ERO 

U11.o 

END 

UWRI 

ACC 

DONE 

21 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

©TRW Inc. 1990 
40G05061 Rev. F-11/90 
Printed in the Li.SA 



TMC2301 

Functional Block Diagram 
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Pin Assignments - 68 Pin Grid Array, GB or HB Package 

Pin Name Pin Name 

B2 INIT K2 U10 
Bl OETA L2 u,, 
C2 INTER K3 UWRI 

Cl END L3 ACC 

02 DONE K4 CZERO 

D1 Uo L4 CAQ 
E2 u, K5 CA1 
El Uz L5 Vaa 
F2 GND K6 GNO 

Fl U3 L6 CAz 
G2 U4 K7 CA3 
G1 U5 L7 c~ 
H2 U5 KB c~ 
Hl U7 LB CAs 
J2 Us K9 CA7 
Jl Ug L9 Xo 
Kl GND LlO GND 
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Pin Name Pin 

KlO x, BlO 

Kll Xz AlO 

JlO X3 B9 

Jll X4 A9 

HlO ~ BB 

H11 Xs AB 

GlO X7 B7 

G11 Xe A7 

FlO GNO B6 

F11 Xg A6 

ElO X10 B5 

Ell X11 A5 

010 Pn 84 

011 P10 A4 

ClO Pg 83 

Cll Pe A3 

811 P7 A2 

Name 
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Pz 
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Po 
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Bo 
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TMC2301 

Pin Assignments 
Q Q ~Qffi1~~ 
~~~~~~~B~~=~g~~~~ 
~~~~~~~~~~~~~~~~~ 

U10 61 
U11 62 

iJWRi 63 
llCC 64 

CZERO 65 
CAo 66 
CA1 67 
v00 68 
GND 1 
CA2 2 
CA3 3 
CA4 4 
CA5 5 
CA5 6 
CA7 7 

Xu 8 
GND 9 

I 43 WEN 
I 42 83 
I 41 e2 
' 48 81 
I 39 e0 

I :~ ~~~p 
I 36 Voo 

I 35 GNO 
34 CLK 

I 33 Po 
32 P1 
31 P2 
30 P3 
29 P4 
28 P5 
27 P5 

68 Leaded IJ Bend) Plastic Chip Carrier - L 1 or R1 Package 

Functional Description 

General Information 

The IRS is a versatile self-sequencing address generator 
designed primarily to filter a two- dimensional image or 
to remap and resample it from one set of Cartesian 
coordinates Ix, y) into a new, transformed set iu, v). 
Most applications use two identical devices in tandem, 
one generating the row coordinates IX and U), the other 
generating the column coordinates IY and V). The 
algorithm performed by the TMC2301 consists of two 
steps: a coordinate system transformation, followed by 
pixel interpolation. Interpolation is necessary when the 
transformed pixel positions IU, V) do not coincide with 
the original pixel positions IX, Y). The new pixel intensity 
values are obtained by interpolating the original pixels in 
the neighborhood of the transformed pixel positions. See 
Figure 1. 

The IRS executes a general second order coordinate 
transformation of the form: 

Xlu, v)=Au2+Bu+ Cuv+Ov2+Ev+F 
Yiu, v)=Gu2+Hu+Kuv+Lv2+Mv+N 

where A through N are user - defined parameters. It 
steps sequentially through the pixels of a user - defined 
rectangle in the new set of coordinates, computing the 
"old" address IX, YI corresponding to each "new" 
location IU, V). 

TRW LSI Products Inc. 

The TMC2301 uses the external multiplier-accumulator, 
connected to the system clock, to calculate the inter­
polated pixel value by summing the products of the 
original pixel values stored in the source buffer RAM and 
the appropriate weights from the polynomial transform 
lookup table. The new interpolated image value is then 
stored in the corresponding IU, V) memory location. 
Finally, the new image address is incremented by one 
pixel in the "U" direction or reset to the start of the 
next line !with "V" incremented), proceeding 
line- by- line through the entire destination image. 

The TMC2301 can support any nearest neighbor, bilinear, 
or cubic resampling, according to the user's requirements. 
The bilinear and cubic kernels require a coefficient 
lookup table and multiplier - accumulator. Both one - pass 
and two- pass algorithms are supported. Sophisticated 
"walkaround" algorithms implementing static filters are 
also easily realized, utilizing convolutional kernels of up to 
16x16 pixels. Both one and two-pass algorithms are 
supported. For each output point in a typical static 
single- pass filter, the IRS will generate a series of 
addresses, "walking" around that point in two 
dimensions. At the end of each walk, it will advance one 
pixel along the output scan line, then begin the walk for 
the next pixel. 

23 



TMC2301 

Figure 1. Image Resampling Geometry Showing Image Rotation and Expansion 

IO.OI. 

y 

i 

ORIGINAL ISOURCEI IMAGE NEW ITARGETI IMAGE 

IO, OJ "-
Notes: 

1. Coordinate transformation 
U, V pixel mapped into 
X, Y coordinates. 

2. Pixel interpolation walk 
new U, V pixel intensity 
calculated from surrounding 
X, Y pixel neighborhood 

A basic TMC2301-based system is shown in Figure 2. In this 
typical system, two Image Resampling Sequencers process the 
image. The only other external parts needed are a 

multiplier-accumulator, external interpolation coefficient lookup 
table RAM, and the user-specified Source and Destination 
Image Memory. 

Figure 2. Basic 2-D Image Convolver Using TMC2301 Image Resampling Sequencer Utilizing Typical 8-Bit Data Path 
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TMC2301 ··~·· 
Signal Definitions WEN The registered Write Enable input allows the 

transformation parameters to be written into the 
Power preload register indicated by the address at the 

Voo, GND The TMC2301 operates from a single +5V 
B input port when LOW. See Figure 4. 

supply. All pins must be connected. LDR The data held in all transformation parameter 

Clock preload registers is latched into the storage 
registers when the registered input LDR is 

CLK The TMC2301 has a single clock input. The HIGH. When LDR is LOW, the parameters 
1;si;;g edge of CLK Strub~~ aii enabied regisrers. remain unchanged. See Figure 4. 
All timing specifications are referenced to the 
rising edge of CLK. ACC The accumulation register of the external 

multiplier-accumulator is initialized by the 
Inputs registered ACC output. ACC goes LOW for one 

P11-0 The coordinate transformation parameters are 
cycle at the start of each interpolation "walk," 

loaded through the registered 12-bit P input 
effectively clearing the storage register by 
loading in only the new first product. See 

port. P11 is the Most Significant Bit. Figure 9. 81 B3-0 The write addresses for the individual coordinate UWRI After the end of each interpolation "walk," the 
transform parameters are presented at the 
registered 4-bit B input port. B3 is the Most 

Target Memory IU or Vl Write Enable goes LOW 

Significant Bit. 
for one clock cycle. See Figure 9. This 
registered output is forced to the high 

Outputs 
impedance state when OETA is HIGH. 

X11-0 The current X lor Yl source pixel address of the INTER In the common two-device system 
image being resampled is indicated by the configuration, the Interconnect inputs are 
registered 12-bit X11-o output bus. This output connected to the END flag outputs. The END 
is forced to the high impedance state when flag from the row IXI sequencer thus indicates 
NOOP is LOW. X 11 is the Most Significant Bit. an "end of line" to the column IYI device, while 

the column sequencer in turn sends a "bottom 

CA?-0 The current interpolation kernel coefficient of frame" signal to the row device, forcing a 
lookup table address is indicated by the reset of the address counter. 
registered 8-bit CA7_0 output bus. This output 

NOOP is forced to the high impedance state when The Clock is overidden when the registered 
NOOP is LOW. CA7 is the Most Significant Bit. input NOOP is LOW, holding all address 

generators in their current state. Also, the 

Li11-o The U lor VI target address of the image being output buffers for the address busses X 11-o 
generated is indicated by the registered 12-bit and CA7 _o are forced to the high impedance 
U11-o output bus. This output is forced to the state. This allows the user access to all external 
high impedance state when OETA is HIGH. U11 memory. When NOOP goes HIGH, normal 
is the Most Significant Bit. operation resumes on the next clock cycle. 

Controls OETA The target memory outputs UWRI and address 

INIT The control logic is cleared and initialized for bus U11-o are in the high-impedance state 

the start of a new image transformation· when when the registered Output Enable input is 

the registered /NIT input is HIGH for a minimum HIGH. When OETA is LOW, they are enabled on 

of two clock cycles. Normal operation begins the next clock cycle. 

after INIT goes LOW. 

TRW LSI Products Inc. 25 



TMC2301 

Flags 

CZ ERO The registered CZERO flag of a horizontal 
dimension TMC2301 goes HIGH if X < 0, 
XMIN~X~XMAX, or X?4096 11000 
hex). It goes LOW if O~X<XMIN or 
XMAX < X < 4096. The logical AND of the 
CZERO flags of a two-dimensional pair of 
TMC2301s will go LOW when the source 

END 

address falls outside a rectangle with DONE 
vertices iXMIN, YMIN), IXMAX, YMIN), 
(XMIN, YMAX), and (XMAX, YMAX), 
denoting an invalid address. The external 
data path can be wired to substitute a 
selected background value whenever this 
AND=O. 

Package Interconnections 

Signal Signal 
Type Name Function 

Power vDD Supply Voltage 

GND Ground 

Clock CLK System Clock 

Inputs P11-0 Parameter Register Data 

83 0 Parameter Register Address 

Outputs X11-0 Source Address 

CA7 0 Coefficient Address 

U11-o Target Address 

Controls INIT Initialize 

NOOP No Operation 

WEN Parameter Write Enable 

LOR Lead Parameter Data Registers 

ACC Accumulate 

DETA Target Memory Output Enable 

UWRI Target Memory Write Enable 

INTER Interconnect 

Flags CZERD Coefficient Zero 

END End of Row/Page 

DONE End of Transform 
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The registered END flag goes HIGH during 
the last pixel of the last walk in a row in 
the case of the row chip, and the last pixel 
of the last walk in a column in the column 
chip, in the two- device architecture. This 
output is used as the end - of- line and 
end-of-frame indicator in conjunction 
with the INTER inputs of both TMC2301s. 

In the standard two -device system, a row 
sequencer DONE flag HIGH after the last 
walk at the end of the last row of an 
image (during UWRI LOW) indicates the 
end of the transform. This registered output 
is usually ignored on the column device. 
See the Transformation Control Parameters, 
AUTOINIT. 

G8, HB Package Pins L 1, R1 Package Pins 

L5, A6 36, 68 

F2, K1, K6, L10, F10, 86 1, 9, 18, 35, 52, 60 

A7 34 

D10, D11, C10, C11, 811, 810, 22, 23, 24, 25, 26, 27 

A 10, 89, A9, 88, A8, 87 28, 29, 30, 31, 32, 33 

A3, 83, A4, 84 42, 41, 40, 39 

E11, E10, F11, G11, G10, H11 21, 20, 19, 17, 16, 15, 

H10, J11, J10, K11, K10, L9 14, 13, 12, 11, 10, 8 

K9, L8, K8, L7, K7, L6, K5, L4 7, 6, 5, 4, 3, 2, 67, 66 

L2, K2, J1, J2, H1, H2, 62, 61, 59, 58, 57, 56, 

G1, G2, F1, E1, E2, D1 55, 54, 53, 51, 50, 49 

82 44 

85 37 

A2 43 

A5 38 

L3 64 

81 45 

K3 63 

C2 46 

K4 65 

C1 47 

D2 48 
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TMC2301 

Transformation Control Parameters 

The TMC2301 is a self-sequencing device which requires no dX/dUo Is the initial horizontal partial first derivative 
indicating the displacement along the X axis 
which corresponds to each one -pixel movement 
along the U axis. Usually, 0 < dX/dUo < 1 
corresponds to magnification, whereas 

cycle-to-cycle intervention from the host system. To program 
the device, the user loads the 16 operating parameters, which 
define the transformation to be performed, which sections of 
the original and resampled image spaces are to be utilized, and 
various control words. Filtering operations are further defined 
by the values the user loads into the external coefficient 
memory. The transform parameters are described below. See 
also Tables I through J. 

XMIN, XMAX, These four parameters outline the "source" 
YMIN, YMAX rectangular region of the original image. 

Whenever the IRS pair generates an IX, YI 
address within this boundary the CZERO flags 
will denote a valid memory read. In the most 
common case, XMIN < XMAX, YMIN < YMAX, 
OOOh < X < FFFh <, and OOOh < Y < FFFh. In 
this case, addresses out-of-bounds cause one 
or both CZEROs to go LOW. Refer to Appli­
cation Note TP-38 for further information on 
other boundary violation cases. Each parameter 
is expressed in 12-bit unsigned binary integer 
notation. See Figure 12. 

UMIN, UMAX, These four parameters outline the "target" 
VMIN, VMAX region of the lu, vi plane, into which the 

resampled image will be written. The IRS will 
generate, line by line, a scan that fills only this 
portion of the plane, permitting the user to 
assemble a mosaic of multiple rectangular 
subimages. Care must be taken to ensure that 
UMAX > UMIN and VMAX > VMIN. Each 
parameter is expressed in 12-bit unsigned 
binary integer notation. See Figure 12. 

IXo, Yol These are the coordinates of the first pixel to 
be read from the original image. In many 
applications, this point will be one of the four 
corners of the original image to be resampled. 
The pixels near IXo, Yol in the original image 
will be used to compute the upper left pixel of 
the transformed image. In non-inverting, 
non -reversing applications IXo, Yol will be the 
upper left corner of the original subimage. Each 
coordinate is expressed in 13-bit integer plus 
5-bit fraction, two's complement notation. 

TRW LSI Products Inc. 

dX/dUo > 1 represents reduction and 
dX/dUo < 0 denotes reflection about a vertical 
axis. The first derivatives are expressed in 8-bit 
imeger, 12-oit fraction two's compiemem 
notation. 

dX/dVo Is the initial horizontal-vertical partial first 
derivative. It indicates the displacement along 
the X axis corresponding to each one-pixel 
movement along the V axis. The coefficients 
dX/dVo and dY/dUo define image rotation and 
shear. 

dY/dUo Is the initial vertical-horizontal partial first 
derivative. It indicates the displacement along 
the Y axis corresponding to each one -pixel 
movement along the U axis. 

dY/dVo Is the initial vertical partial first derivative. It 
indicates the displacement along the Y axis 
corresponding to each one-pixel step along the 
V axis. Since dX/dUo and dY/dVo are separate 
parameters, vertical magnification and reflection 
need not match their horizontal counterparts. 

NOTE: For each incremental move along the U axis, the 
starting point of the new "walk around spiral" is indexed to 
the ENDING point of the previous walk around spiral, rather 
than to its center. Therefore, the terms dX/dUo and dY/dUo 
must be adjusted accordingly. Since each new line is 
referenced back to the previous line's initial spiral starting 
point, no similar dX/dVo or dY/dVo correction is needed. 

Is the second order horizontal derivative. It 
indicates the rate of change of the horizontal­
horizontal first derivative with each step along a 
line in the output image space. All six 
second -order derivatives are 4-bit integer, 
20-bit fractional two's complement parameters. 
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d2Y/dUdV 

Is the second order horizontal-vertical-vertical 
derivative. It indicates the rate of change of the 
horizontal-vertical first derivative with each step 
down a column in the output image space. 

Is the second order vertical-horizontal­
horizontal derivative. It indicates the rate of 
change of the the vertical-horizontal first 
derivative with each step along a line of the 
output image space. 

Is the second order vertical derivative. It 
indicates the rate of change of the vertical­
vertical first derivative with each step down a 
column of the output image space. 

Is the mixed second order derivative indicating 
the rate of change of the first order horizontal 
derivative as one proceeds downwards through 
the output image space. This is also the rate of 
change of the first order horizontal-vertical 
derivative during horizontal sweeps in the output 
image space. 

Is the mixed second order derivative indicating 
the rate of change of the first order vertical 
derivative as one moves horizontally across the 
output space, or, equivalently, the rate of 
change of the first order vertical-horizontal 
derivative as one moves vertically in the output 
image space. 

Row/Column Sets the mode to either Row IOI or Column 111 
Select operation. 

Mode This 2-bit control word defines three unique 
instructions: 

Code 

00, 01 

10 
11 

Instruction 

single- pass operation 

pass 1 of two-pass operation 

pass 2 of two- pass operation 

In single-pass operation, the device walks through the entire 
lk + 11 x lk + 11 kernel for each output pixel, where k is the 
value written into the Kernel section lsee below) of the 
parameter register. Two-pass operation, which requires a 
dimensionally separable kernel, is executed first for a lk + 11 
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element kernel in one direction, then for a lk + 11 element 
kernel in the other direction. For kernel sizes exceeding 2 x 2, 
the two-pass algorithm is obviously beneficial, requiring 2n 
samples per output point instead of n x n. In this case, the 
intermediate image data stored in the destination image 
memory following the first pass is used as the source image 
data on the second pass. The user may design his system to 
switch source and destination memory bank addresses in place, 
or could utilize a second TMC2301 pair in a pipelined 
architecture. This would require a third image buffer for the 
final destination image. Both devices of a system pair are 
usually set to the same mode. 

Kernel 

Field of View 
IFDVI 

Auto load 
IALRI 

Autoinit 
!AINI 

The effective kernel width !height) exceeds this 
4-bit unsigned number by 1, thereby providing 
kernels of 1 x 1 to 16 x 16 source pixels per 
output, for either resampling or filtering. Simple 
static filters can be implemented with kernels of 
up to 16 x 16 pixels !Kernel ~ 151, while 
resampling interpolation kernels are limited to 
4. x 4 pixels I Kernel ~ 31, due to the four bits 
of fractional X lor YI address generated by the 
TMC2301. See the Applications Discussion, 
below. Again, both devices in a pair are 
generally initialized with equal Kernel values. 

As the device walks through its kernel 
coefficients, each corresponding step in Ix, yl 
space is normally one pixel length or height; 
this is a field of view of 1. However, the user 
can subsample the original space before filtering 
or resampling, by applying the coefficient kernel 
over a view field of up to 7 units. At a field of 
view of F, the pixels selected for each kernel 
operation are F pixels apart. This is useful in 
oversampled pictures, whose intensity changes 
only slowly from pixel to pixel. 

When set to 1 IHIGHI, the LOR control is 
automatically asserted when INIT is strobed, 
loading the coefficient set currently stored in the 
preload registers. 

At the end of an image, if the AIN bit is 1 
IHIGHI the DONE flag goes HIGH for one clock 
cycle and a new transform begins. If 0 ILDWI, 
UWRI and the DONE flag remain HIGH during 
the sequence until the user strobes the INIT 
control to begin a new image transformation. 

TRW LSI Products Inc. 
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Pipe 
IPIPEI 

Test Mode 
ITMI 

Adjusts the timing of the target memory write 
controls, to compensate for buffered source 
image RAM. If the PIPE bit is 1 IHIGHI, outputs 
ACC and l.JWRI will be delayed one clock cycle 
relative to the generation of the target address 
IU or VI. See Figure 9. 

This mode is available for user inspection of the 
coefficient data. The source image and 
coeiiiciem addresses are caicuialeu uy a11 
internal 28-bit accumulator. When TM is 
1 IHIGHI, the sign bit, normally discarded, and 
the lower 11 bits of internal data are 
substituted for the upper 12 bits appearing at 
the source address port IXI during a standard 
transform cycle This allows user verification of 
algorithm mathematics during debug. Since the 
TM bit is registered and cannot be changed 
during a single clock cycle, two distinct clock 
cycles are required to access both the MSW 
and LSW of the internal accumulator. 
See Figure 3. 

Figure 3. Test Mode Data Routing 

SIGN 

12 

4 

11 

INTERNAL 
ACCUMULATOR 

WALK COUNTER,._ _ _,_ _________ _ 

4 

TRW LSI Products Inc. 

X11-o/T11-o 

CA7_4 

CA3_0 

Table 1. Parameter Registers - Row Sequencer 

Address Name Description 

0000 XMIN Left side of Source Window 

0001 XMAX Right side of Source Window 

0010 Xo ILSWI Source starting point - X coordinate 

0011 Xo IMSWI Source starting point - X coordinate 

0011 Controls Mode Select Bits 

0100 dX/dUo ILSWI Row/Row first differential 

0101 dX/dUo IMSWI Row/Row first differential 

0101 TM, FOV Test Mode, Field of View 

0110 dX/dVo ILSWI Row/Column first differential 

0111 dX/dVo IMSWI Row/Column first differential 

0111 Kernel Resampling/Filtering Kernel 

1000 d2X/dUdV ILSWI Mixed second differential 

1001 d2X/dUdV IMSWI Mixed second differential 

1010 d2X/dU2 ILSWI Row second differential 

1011 d2X/dU2 IMSWI Row second differential 

1100 d2X/dV2 ILSWI Row/Column second differential 

1101 d2X/dV2 IMSWI Row/Column second differential 

1110 UMIN Left edge of Final Image 

1111 UMAX Right edge of Final Image 

Table 2. Parameter Registers - Column Sequencer 

Address Name Description 

0000 YMIN Top of Source Window 

0001 YMAX Bottom of Source Window 

0010 Yo ILSWI Source starting point - Y coordinate 

0011 Yo IMSWI Source starting point - Y coordinate 

0011 Controls Mode Select Bits 

0100 dY/dUo ILSWI Column/Row first differential 

0101 dY/dUo IMSWI Column/Row first differential 

0101 TM, FOV Test Mode, Field of View 

0110 dY/dVo ILSWI Column/Column first differential 

0111 dY/dVo IMSWI Column/Column first differential 

0111 Kernel Resampling/Filtering Kernel Size 

1000 d2Y/dUdV ILSWI Mixed second differential 

1001 d2Y/dUdV IMSWI Mixed second differential 

1010 d2Y/dU2 ILSWI Column/Row second differential 

1011 d2Y/dU2 IMSWI Column/Row second differential 

1100 d2Y /dV2 ILSWI Column second differential 

1101 d2Y /dV2 IMSWI Column second differential 

1110 VMIN Top edge of Final Image 

1111 VMAX Bottom edge of Final Image 
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Table 3. Parameter Registers Binai:y format (Row Or Column Sequencer} 

Addr Format Limits 
MSB LSB Dec Hex 

0000· 211_ 210 29 ill 27 ~ 25 24 23 22 21 20 4095 FFF 

0 000 

0001· 211 210 29 ill 27 26 25 24 i3 22 21 20 4095 FFF 

0 000 

0010 26 25 i4 23 22 21 '/l 2-l r2 r3 2-4 r5 4096-2~5 OFFF.F8 
-4096 FOOD.OD 

0011 -212 211 210 29 28 27 

0011 ALR AIN PIPE RIC M1 Mo 
I Control) 

0100 2-l 2-2 r3 r4 r5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 128-i-12 007F.FFF 
-128 FF80.000 

0101 -27 26 25 24 23 22 21 20 

0101* TM 22 21 20 

ITM. FOV) 

0110 2-l 2-2 i-3 2-4 r5 2-6 2-7 2-8 2-9 2-10 rll i-12 128-i-12 007F.FFF 
-128 FF80.000 

0111 -27 i6 25 24 23 22 21 20 

0111· 23 22 21 in 
I Kernel) 

1000 2-9 2-10 i-11 2-12 2-13 2~14 2-15 2-16 2-17 r18 2-19 2-20 8-2-20 0007.FFFFF 
-8 FFFB.00000 

1001 -23 22 21 20 rl r2 2-3 2-4 2-5 r6 2-7 2-8 

1010 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2:-19 i-20 8-r20 0007.FFFFF 
-8 FFFB.00000 

1011 -23 22 21 20 2-l 2-2 2-3 2-4 2-5 r6 2-7 2-8 

1100 2-9 i-10 i-11 i-12 r13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 8-r20 0007.FFFFF 
-8 FFFB.00000 

1101 -23 22 21 20 2-l 2-2 2-3 2-4 2-5 r6 2-7 r8 

1110* 211 210 i9 ill 27 26 25 24 23 22 21 20 4095 FFF 

0 000 

1111* 211 210 29 ill 27 26 25 24 23 22 21 20 4095 FFF 
0 000 

• unsigned binary notation 

A "-" indicates MSB is sign bit 
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Operation of the Transformation Parameter 
Registers 

Numerous applications require the ability to update the 
coordinate transformation parameters "on the fly." 
Because the parameters are double - buffered, the user 
can load any or all of them into the preload registers 
without upsetting the operation in progress. Then LOR 
!load data registers) will update all transform parameters 
to the new values simultaneously This feature is 
particularly valuable for "pin cushion" and "fish eye" 
transformations, or polar - to - rectangular conversions, 
which cannot be performed with constant second 
derivatives. The Autoload function updates the preload 
registers at the beginning of a new image automatically. 
See the Transformation Control Parameters section. Note 
also that data can be loaded in to the registers while 
NOOP is active !LOW). 

Figure 5. Timing Diagram 

Notes 

Figure 4. Operation of LOR Control for Parameter 
Update 

1 ts and tolEI are guaranteed to allow full speed operation 1n the standard two-device architecture. See text 

2 All outputs except ENO See text 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 
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n+ 

DZ 

p WELL 

Figure 8. Transition Level for Three-State Measurement 

CLK 

THREE-STATE 
OUTPUTS I 

Note: 
1. All outputs except CZEAO, ACC, ENO and DONE. 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input Vohage ................................................................................................................................................................................................................................ -0.5 to 1v00 +0.5)V 

Output 

Applied voltage2 .............................................................................................................................................................................................. -0.5 to Nao +0.5)V 

Forced current 3,4 ..................................................................................................................................................................................................... -1.0 to +6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case ...... , ................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage .1 ........................ , ............................................................................................................................................................................................. -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

io~ Output Current. Logic LOW B.O B.O mA 

loH Output Current, Logic HIGH -4.0 -4.0 mA 

TA Ambient Temperature, Still Air 0 70 'C 

Tc Case Temperature -55 125 'C 

DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1000 Supply Current, Quiescent v00 = Max, v1N = ov 5 5 mA 

loou Supply Current, Unloaded Voo = Max, f = 15MHz 75 75 mA 

Ill Input Current, Logic LOW Voo = Max, v1N = ov -10 + 10 -75 +75 µA 

11H Input Current, Logic HIGH Voo = Min, V1N = Voo -10 + 10 -75 +75 µA 

VOL Output Voltage, Logic LOW v00 = Min, loL = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 = Min, loH = Max 2.4 2.4 v 

1ozL Hi-Z Output Leakage Current, Output LOW Voo = Min, VIN = ov -40 + 40 -40 + 40 µA 

1DZH Hi-Z Output Leakage Current, Output HIGH Voo = Min, VIN = Voo -40 + 40 -40 + 40 µA 

1os Short-Circuit Output Current2 Voo = Max, Output HIGH, one pin to ground, -100 -100 mA 

one second duration max. 

C1 Input Capacitance TA= 25°C, f = lMHz 10 10 pF 

Co Output Capacitance TA = 25°C, f = 1 MHz 10 10 pF 

Notes· 
1. Actual test cond1t1ons may vary from those shown, but guarantee operation as spec1f1ed. 

Guaranteed but not tested. 
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AC characteristics within specified operating conditions 

Parameter Test Conditions 

'cv Cycle Time v00 = Min 

1PWL Clock Pulse Width LOW v00 - Min 

lpwH Clock Pulse Width HIGH v00 - Min 

ts Input Setup Time I 

tH Input Hold Time 

1Hlll Input Hold Time, INTER 

to Output Delay 2 Voo - Min, CLOAO - 40pF 

1D(E) Output Delay, ENO I Voo = Min, CLOAO - lOpF 

'HO Output Hold Time 2 Voo = Max, CLOAO = 40pF 

1HOIEI Output Hold Time, ENO Voo - Max, CLOAO = 10pF 

1ms Three-State Disable Delay Voo = Min, CLOAO = 40pF 

1ENA Three-State Enable Delay Voo = Min, CLOAO = 40pF 

Notes: 
1. ts + tolEJ - tcv max. 
2. Excluding output pin END. 

Applications Discussion 

Basic Operation 

Each TMC2301 pair contains address controllers which execute 
patterns much like the following FORTRAN 3-Jevel nested DO 
loop: 

1. The inner loop is a clockwise outgoing spiral "walk" through 
the N-element coefficient kernel. 

2. The middle loop is a left-to-right "scan" along each row 
of the output image space. 

3. Finally, the outer loop is a top-to-bottom "scan" down 
each column of the output image space. 

A typical one-pass image transformation proceeds as follows: 

1. The device pair outputs the addresses IXo, Yol, which is the 
first point in the source image, and ICAX, CAYI, the 
interpolation lookup table address for the first pixel in the 
kernel. The output ACC goes LOW, causing the external 
accumulator to load the first product without summation, 
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-~·-· '''"" 
Temperature Range 

Standard Extended 
-1 

Min Max Min Max Min Max Units 

55 66 .66 ns 

25 30 30 ns 

25 30 30 ns 

18 20 20 ns 

2 2 2 ns 

10 10 10 ns 

27 35 35 ns 

37 45 45 ns 

5 5 5 ns 

10 10 10 ns 

18 20 20 ns 

27 35 35 ns 

clearing the accumulator. 
2. For the next N cycles, the IRS walks through an outward 

clockwise spiral in Ix, yl space, accumulating 
pixel-interpolation coefficient products. The spiral sequence 
is depicted in Figure 9. 

3. After the completion of the first spiral walk, the IRS outputs 
the target address of the first pixel, !UMIN, VMINI and the 
control UWRI, along with the initial IX, YI values of the next 
spiral walk. ACC and UWRI can be delayed by one clock 
cycle by setting the control bit PIPE to 1 IHIGHI, simplifying 
the task of interfacing the TMC2301 to buffered source 
image memory. 

4. After the last cycle of the next spiral, UWRI again goes 
LOW for one clock, and the target address outputs are 
updated, pointing to the location of the pixel calculation just 
completed, !UMIN + 1, VMINI. 
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5. The third spiral walk begins with ACC going LOW, and ends 
with !UMIN + 2, VMINI output and UWRI going LOW. 

after IUMAX + 1, VMINI will be !UMIN, VMIN + 11, 
followed by !UMIN + 1, VMIN + 11, etc. 

7. Upon completion of the walk corresponding to 6. he procedure continues until IUMAX + 1, VMINI is reached, 
at which point the device resets to U !position within rowl 
and increments V !number of row!. Thus, the next IU, VI set 

IUMAX + 1, VMAX + 11, the TMC2301 will generate a 
DONE flag with the final UWRI, and begin a new sequence. 

Figure 9. Timing Diagram and Pixel Map Showing Outward Clockwise Spiral Walk Generated by TMC2301 
(2 x 2 Kernel Shown) 

• • • • 

• ·-· • @ i • ·--· • 

• • • • 

CLK 

X.Y11-0J x x x x x x 
I I - NEXT WALK..__.. 

CA7_0 

I 
U. V11-o ==x NEWU,V 

I 

{ ·~T' I I\ I 
PIPE= 0 _ 

UWRI 

I 
\ I 

I 
\ I 

ACC 

I 
\ I I \ I .. ~,, {-

UWRI \ I \ 
Notes: 

1. Assumes that OETA is LOW and NOOP is HIGH. 

2. Timing Parameters are not shown on this diagram. 
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On any given clock cycle, the actual IX, Y) and (U, V) 
outputs of the I RS are given by the following equations: 

x=Xo + dX/dUo *m + dX/dVo *n + d2X/dUdV*m*n 
+ d2X/dLJ2*1m2- m)/2 + d2X/dV2*1n2- n)/20 

+ FOV*CAXlw) + FOV*m*CAXIKer) 

y=Yo + dY/dUo*m + dX/dVo *n + d2Y/dUdV*m*n 
+ d2Y/dLJ2*1m2- m)/2 + d2Y/dV2*1n2-n)/20 

+ FOV*CAYlw) + FOV*m*CAYIKer) 

u=UMIN+m 

v=VMIN+n 

where FOV is the 4- bit field of view parameter, 
normally set to 1 so that the spiral walk proceeds in 
single - pixel steps. Setting FOV to 4 would expand the 
spiral walk, allowing the user to trade two bits of image 
size for two bits of additional interpixel positioning 
resolution. CAX(w) and CAY(w) are the current value of 
the coefficient address outputs, and CAX(KER) and 
CAYIKER) are the terminal values of each pixel walk. The 
CA(KER) terms arise because the IRS computes each 
new walk's starting point from the previous spiral walk's 
end point, rather than its starting point. 

Interpolation Coefficient Lookup Table Addressing 

The external coefficient lookup table RAM stores the 
interpolation values used to calculate the value of the 
new pixel. These values are selected by the user, 
allowing maximum filtering flexibility. In simple filtering 
applications, all 8 bits of coefficient address are available 
to access up to 256 interpolation coefficients, for kernels 
of 16 x 16 pixels. This address is generated by the 
internal walk counter of the TMC2301. In most 
applications, the same Kernel parameter value is selected 
in both IRS devices; thus, the Coefficent Address outputs 
CA7 _ o for the X and Y devices are identical, and the 
user needs only one of the 8 - bit buses for memory 
access. 

Applications executing a coordinate transformation, 
however, will almost always generate non - integer 
source pixel addresses; that is, the U (or V) locations will 
not map to the X (or Y) addresses exactly, and fractional 
address components are generated. The user then must 
account for this spatial offset in both dimensions by 
storing the appropriate corrected interpolation kernel 
values in the lookup table. The 8- bit address bus is 
broken up into two parts: the fractional portion (upper 4 
bits), and the walk counter (lower 4 bits). Thus, in 
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resampling applications, the maximum kernel size is 4 x 4 
pixels, or 16 locations. As in the filtering example, 
assuming that the user has selected the same kernel size 
for both IRS devices, the 4 bits of least-significant 
address generated by both devices will be identical, and 
redundant. The four most significant address bits, 
however, will reflect the current fractional offsets of the 
resampled pixel from the nearest X (Y) location, to a 
spatial resolution of 4 bits, in the X (or Y) directions. 
Utilization of the 12 bits (total) of lookup table address is 
left to the user, to be arranged as desired for memory 
access. See Figure 3. 

Application Examples 

One of the more common applications for the TMC2301 
is simple static filtering. In this case the source and 
target memories locations are identical and no coordinate 
transformation is performed. The IX, Y) and (U, V) 
outputs listed in Table 4 show the address sequencing 
generated by the TMC2301 to execute the walk of a 
5 x 5 pixel interpolation kernel. The normalized 
coefficients shown implement a first- order Butterworth 
Low Pass Filter with cutoff radius of 1 /-/2. Note that the 
(U, V) output address is updated following the completion 
of the walk for that location. 

Figure 10. Pixel Map Showing Walk Sequence for 
5 x 5 Static Filter 

ID. DI . 

21 22 23 24 20t-·-:-:-: 
1st st-:-:--i 
18f 5t~®Ji~F--i 
17t ·-j--2 r . 

• ..-.-- • ...--- • +---• +---. 
16 15 14 13 12 
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Table 4. I RS Outputs for Static Filter Illustrated in 
Figure 10 

Cycle x y Index (CAI Coefficient 

1 3 4 0 0.2176 

2 4 4 1 0.0725 

3 4 5 2 0.0435 

4 3 5 3 0.0725 

5 2 5 4 0.0435 

6 2 4 5 u.u725 
7 2 3 6 0.0435 

8 3 3 7 0.0725 

9 4 3 8 0.0435 

10 5 3 9 0.0198 

11 5 4 10 0.0272 

12 5 5 11 0.0198 

13 5 6 12 0.0128 

14 4 6 13 0.0198 

15 3 6 14 0.0272 

16 2 6 15 0.0198 

17 1 6 16 O.D128 

18 1 5 17 0.0198 

19 1 4 18 0.0272 

20 1 3 19 O.o198 

21 1 2 20 O.D128 

22 2 2 21 0,0198 

23 3 2 22 0.0272 

24 4 2 23 0.0198 

25 5 2 24 0.0128 

26 4 4 0 0.2175 

u v 
2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

2 4 

3 4 

Figure 11 illustrates the sequence for a bilinear resampling of a 
63° rotation. The starting point is translated + 1 in the 
Y-direction. A common rotation matrix might be: 

dX/dUo = cos lal = .6 dY/dUo = sin lal = .8 

dX/dVo = -sin lal = - .8 dY/dVn = cos lal = .6 

TRW LSI Products Inc. 

However, we have included a linear compression factor of 5:1, 
and must accommodate the fact that each. time u is 
incremented, the start of the new walk is referenced to the 
END of the previous walk. Given these corrections, the rotation 
matrix becomes: 

dX/dUo = 5coslal = 3 

dX/dVo = -5sinlal = -4 

Kernel = 1 

dY/dUo = 5sin(al-FOV = 3 

dY/dVo = 5coslal = 3 

Figure 11. Pixel Map Showing Parameters for 63° Rotation 
and 5:1 Compression listed in Table 5 

!o. m. (10,0) 120, DI 

ID,10)• 

(D, 20)• \. \ 
\ 
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Table 5. IRS Outputs for Operation Illustrated in Figure 11 right corner of the transformed image is located at 

Cycle x y Index u 
1 5 5 0 4 

2 6 5 1 4 

3 6 6 2 4 

4 5 6 3 4 

5 8 9 0 5 

6 9 9 1 5 

7 9 10 2 5 

8 8 10 3 5 

9 11 13 0 6 

10 12 13 1 6 

11 12 14 2 6 

12 11 14 3 6 

13 14 17 0 7 

14 15 17 1 7 

15 15 18 2 7 

16 14 18 3 7 

17 1 8 0 8 

18 2 8 1 8 

19 2 9 2 8 

20 1 9 3 8 

21 4 12 0 5 

22 5 12 1 5 

23 5 13 2 5 

24 4 13 3 5 

25 7 16 0 6 

26 8 16 1 6 

27 8 17 2 6 

28 7 17 3 6 

29 10 20 0 7 

30 11 20 1 7 

31 11 21 2 7 

32 10 21 3 7 

33 0 15 0 8 

Figure 12 may help clarify the relationships among IXo, Yol, 
IXMIN, YMINI, IXMAX, YMAXI, !UMIN, VMINI, and 
IUMAX, VMAXI. With positive first derivatives, IXo, Yol and 
!UMIN, VMINI represent the upper left corners of the original 
image and the new destination field, respectively. The lower 

v 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

. IUMAX + 1, VMAX + 11; the location of the corresponding 
corner of the original image depends on the values of the 
derivatives. Not to be confused with IXo, Yol, the points 
IXMIN, YMINI and IXMAX, YMAXI define the "usable" 
rectangular portion of the original image; points IX, YI lying 
outside this region are ignored in most resampling and filtering 
applications. This feature permits one to construct a mosaic of 
several abutting subimages in the Ix, y) plane, without danger 
of edge effect interference between adjacent subimages. Note 
in the figure that the upper left and lower left corners of the 
original image lie outside the admissible region; in practice, the 
values fetched at these locations will not be included in the 
convolutional sums. 

Figure 12. Pixel Maps Demonstrating Source and 
Destination Image Boundaries and Image Clipping 
(Note Shaded Areal ·--. . . . . . . . . 

l : IXMIN. YMINI . 

(XMIN, YMAX) • 

' ·-
' 

! {UMIN. VMINJ 

Note Assume OOOh < X < FFFh 
OOOh < Y < FFFh 

IXMAX. YMAXI . 

IUMAX. VMAXI 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2301G8C2 STD-TA=0°C to 70°C Commercial 68 Pin Grid Array 2301G8C2 
TMC2301G8V EXT-Tc= -55°C to 125°C MIL-STD-883 68 Pin Grid Array 2301G8V 
TMC2301G8V1 EXT-Tc= -55°C to 125°C MIL-STD-883 68 Pin Grid Array 2301G8V1 

TMC2301H8C STD-TA=0°C to 10°c Commercial 68 Pin Grid Array 2301H8C 
TMC2301 H8C1 STD-TA=0°C to 70°C Commercial 68 Pin Grid Array 2301H8C1 

TMC2301L1V EXT-Tc= -55°C to 125°C MIL-STD-883 68 Leaded Hermetic Ceramic Chip Carrier 2301L1V 
TMC2301 L1V1 EXT-Tc= -55°C to 125°C MIL-STD-883 68 Leaded Hermetic Ceramic Chip Carrier 2301L1V1 

TMC2301R1C STD-TA=0°C to 70°C Commercial 68 Lead Plastic J-Leaded Chip Carrier 2301R1C 
TMC2301R1C1 STD-TA =0°C to 70°C Commercial 68 Lead Plastic J-Leaded Chip Carrier 2301R1C1 
TMC2301R1C2 STD-TA=0°C to 70°C Commercial 68 Lead Plastic J-Leaded Chip Carrier 2301R1C2 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the QI 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2302 

Image Manipulation Sequencer 
40MHz 

The TMC2302 is a high-speed self-sequencing VLSI 
circuit address generator which supports image resam­
piing, rotation, rest;aiir1y, warping, and filtering. it gen­
erates input bit plane, interpolation coefficient lookup 
table, and output bit plane memory addresses along with 
pixel interpolator control signals. 

Similar in architecture to the TRW TMC2301 Image 
Resampling Sequencer, the TMC2302 features numerous 
enhancements. In addition to an increase in the maxi­
mum clock rate to 4DMHz, the device offers three­
dimensional address generation and implements two­
dimensional image transformation polynomials of up to 
third order. 

Simplified Block Diagram 
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~ A 
~ 

The TMC2302 can process image data fields with up to 
24 bits of binary resolution (224 pixels) per dimension, 
vv1th 0 tc 16-bit subpixe! resc!utk~n. 

A system based on two TMC2302s can nearest-neighbor 
resample a two-dimensional 512 x 512 pixel image in 
6.5 milliseconds, translating, rotating, or warping it, 
depending on the user-selected transformation para-
meters. A complete bilinear interpolation of the same 
image can be completed in 26 milliseconds, while a 
nearest-neighbor resampling of a 30 image 128 pixels on ~ 
a side takes only 53 milliseconds with three TMC2302s. ~ 
Image resampling speed is independent of angle of 
rotation, degree of warp, or amount of zoom specified. 
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TMC2302 

Features 
• Asynchronous Loading Of Control Parameters 
• Rapid (25ns Per Pixell Rotation, Warping, Panning, 

And Scaling Of Images 
• Three-Dimensional Image Addressing Capability 
• General Third-Order Polynomial Transformations In 

Two Dimensions Implemented On-Chip; Three­
Dimensional Transformation Of Up To Order 1.5 Also 
Supported 

• Flexible, User-Configurable Pixel Datapath Timing 
Structure 

• Static Convolutional Filtering Of Up To 16 x 16 Pixel 
(One-Passi, 256 x 256 Pixel (Two-Passi Or 
256 x 256 x 256 Pixel (Three-Passi Windows 

Functional Block Diagram 

ASYNCHRONOUS 
HOST INTERFACE 

~ 
IDAT 15 ·O 

IADR 6 ·O 

iCS 

IWR 

SYNCHRONOUS 
HOST INTERFACE 

~ 
NOOP J---, 

INIT 

LOR 

CLK 

INTERNAL 

CLOCK 

SOURCE 
ADDRESS 
GENERATOR 

48·BITS 

TARGET 
ADDRESS 
GENERATOR 

3 x (12-0) 

• User-Selectable Source Image Subpixel Resolution of 
2-B to 2-16 

• 24-Bit (Optional 36-Bitl Positioning Precision Within 
The Source Image Space, 48-Bit Internal Precision 

• Low Power One-Micron OMICRON-C™ CMOS Process 
• Available In A 120 Pin Plastic Pin Grid Array 

Applications 
• High-Performance Video Special-Effects Generators 
• Guidance Systems 
• Image Recognition, Robotics 
• High-Precision Image Registration (LANDSAT 

Processing) 

BOUNDARY 
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TVAL 
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OT07CLOCKS 1--~~~~~~~~~~~~~~-M /~---+END 

3x13·BITS 
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21243A 

42 TRW LSI Products Inc. 



TMC2302 ii~iri' 

Pin Assignments - 120 Pin Plastic Pin Grid Array, H 5 Package 

Pin 

C3 
B2 

Bl 

03 
C2 

Cl 
D2 

E3 

D1 
E2 

E1 
F3 

F2 

Fl 
G2 

13 © © © © © © © © © © © © © 
12 © © © © © © © © © © © © © 
11 © © © © © © © © © © © © © 
10 © © © © © © : ~~~ r 'O"·"'· l ~~~ CAVITY UP 
6 ©©© ©©© 

©©© ©©© 
4 ©©© ©©© 
3 ©©©©©©©©©©©©© 
2 ©©©©©©©©©©©©© 

©©©©©©©©©©©©© 

ABCDEFGHJKLMN 
21041A 

Name Pin Name Pin Name Pin 

Voo G3 Voo L3 NC L7 
-

SADR15 G1 SADR5 M2 OEK N7 

SADR14 Hl SAOR5 N2 KAOR7 NB 
GND H2 SADR4 L4 Voo MB 

Voo H3 GNO M3 KAOR5 LB 

SADR13 Jl SADR3 N3 KADR5 N9 

SADR12 J2 SADR2 M4 KADR4 M9 
GNO K1 SADR1 L5 GND N10 

SADR11 J3 Voo N4 KAOR3 L9 

SAOR10 K2 SAD Ro M5 KADR2 M10 

SADR9 L1 SVAL NS KAOR1 N11 

Voo Ml ACC LB KAO Ro N12 

SAD Ra K3 GND M6 OET LlO 
-

SAOR7 L2 Voo N6 TWR Mll 
GND N1 GND M7 TAD Ro N13 

Functional Description 

General Information 

Name 

Voo 
TAOR1 

TADRz 
TADR3 

TADR4 

TADR5 

TAOR5 
TAOR7 

TAD Ra 
TAOR9 

TADR10 

TADR11 
DONE 

GND 
ENDD 

The TMC2302 is a versatile, high-performance address 
generator which can control. under user direction, 
filtering or remapping of two or three-dimensional 
images by resampling them from one set of Cartesian 
coordinates Ix. y, z) into a new. transformed set iu. v. w). 
Most applications utilize two identical devices for two­
dimensional. or three devices for three-dimensional, 
image processing. The host CPU initializes the system by 
loading the input image buffer RAM with the source 

TRW LSI Products Inc. 

Pin Name Pin Name Pin Name Pin Name 

Lll Voo G11 GNO C11 GNO C7 IAORs 
M12 GND G13 IDATo B12 IOATB A7 IAOR5 

-
M13 TVAL F13 IOAT1 A12 IOAT9 A6 DES 
Kll Voo F12 GND ClO IDAT10 B6 SADR23 
L12 GNO F11 Voo Bll IDAT11 C6 SAOR22 

-
L13 NOOP E13 IOAT2 A11 IDAT12 A5 SADR21 
K12 INIT E12 IDAT3 810 IDAT13 B5 SADR20 
J11 Voo 013 IOAT4 C9 IDAT14 A4 Voo 
K13 GND Ell GND A10 IDAT15 cs SAOR19 
J12 CLK 012 IOAT5 B9 ICS B4 SAOR1B -
J13 IWR C13 IDAT5 A9 IAORo A3 SADR17 
Hll GND B13 IDAT7 CB IADR1 A2 SADR15 
H12 Voo 011 Voo BB IAOR2 C4 GNO 

H13 SYNC C12 GNO AB IAOR3 B3 Voo 
G12 Voo A13 Voo B7 IADR4 A1 GND 

image pixel data and the TMC2302s with the image 
transformation and system configuration control 
parameters. These parameters are loaded by a separate, 
asynchronous input clock. The IMS-based system then 
executes the entire transformation as programmed, 
generating a DONE flag upon completion of the 
transform. The user can program the chip to repeat the 
transform continuously or to halt at the end. 
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General Information (cont.) 

The IMSs continuously compute the target bit plane 
(u, v) or bit space addresses (u, v, w) in typical line-by­
line, raster-scan serial sequence. For each output pixel 
address, they compute the corresponding remapped 
source image coordinates, each of whose upper 24 bits 
become the source bit plane addresses (x, y). An 
additional lower twelve bits are available through the 
target address port in the optional extended address 
mode. Source image addresses may be generated at up 
to 40MHz. with the corresponding target image 
addresses then appearing at up to (40/k)MHz, where "k" 
is the size of the interpolation kernel implemented. In 
the two-device system, one TMC2302 computes the 
horizontal coordinates x and u while the other generates 
the y and v (vertical) addresses. In a three-dimensional 
system, one additional device would provide the z and w 
(depth or time) coordinates. 

To support a wide range of image transformations, the 
"row" or x/u device implements a 16-term polynomial of 
the form: 

x = a + bu + cu2 + du3 + ev + fvu + gvu2 + hvu3 + iv2 

+ jv2u + kv2u2 + lv2u3 + mv3 + nv3u + ov3u2 + pv3u3 

where a through p are the user-defined image trans­
formation parameters. The TMC2302 steps sequentially 
through the pixels within a user-defined rectangle in the 
target image space, computing the "old" source image 
address (x, y, z) corresponding to each "new" target 
image pixel (u, v, w). User-programmable flags are 
available to indicate when the source and target image 
addresses have fallen outside of a defined rectangular 
area, simplifying the generation of complex images or 
image windows. 

In the three-dimensional mode, the x/u transformation 
equation is: 

x = a + bu + ev + kw + fuv + ivw + luw + juvw 

See "The Image Transformation Polynomial" section of 
the Applications Discussion . 
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The TMC2302 utilizes an external multiplier-
accumulator or interpolator, connected to the system 
clock, to calculate the interpolated pixel value for each 
color. The products of the original source image pixel 
values surrounding the remapped pixel location (interpo­
lation kernel) and the appropriate weights stored in the 
coefficient lookup table are summed. The resulting new 
interpolated image pixel value is then stored in the 
corresponding (U, V, WI memory location in the target 
image memory buffer. Next, the target image address is 
incremented by one in the "u" direction until UMAX is 
reached (end of line), when U is reset to UMIN, and the 
V counter is incremented to give the first pixel location 
in the next line. The process is repeated, proceeding 
line-by-line through the image, until VMAX is reached. In 
the case of three-dimensional images, the IMS system 
also steps through each page in the image, incrementing 
in the "w" direction with the completion of each image 
plane until WMAX is reached, and the transformation is 
complete. 

The Image Manipulation Sequencer can support any 
nearest-neighbor, bilinear interpolation, or cubic 
convolution resampling, according to the user's require­
ments. Interpolation kernels of more than one pixel 
require an external interpolation coefficient lookup table 
and multiplier-accumulator. One, two. and three-pass 
algorithms are supported. For each output point in a 
typical two-dimensional single-pass static image filter, the 
TMC2302 implements a spiralling pixel resampling 
algorithm, "walking" around the resampling neighborhood 
in two dimensions and generating the appropriate coeffi­
cient table addresses to sum up the interpolated pixel 
value in the external pixel interpolator. At the end of 
each walk, the TMC2302 will advance one pixel along 
the output scan line and then execute the walk for that 
next pixel. When performing multiple-pass interpolation, 
the TMC2302 system proceeds along only one dimension 
per pass, which requires dimensionally separable. prefer­
ably orthogonal, coefficients. 
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Figure 1. Image Resampling Geometry Showing Two-Dimensional Image Rotation and Expansion 
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NOTES: 1. Coordinate transformation U, V pixel mapped into X, Y coordinates. 2. Bilinear pixel interpolation walk. New U, V pixel intensity calculated from surrounding X, Y pixel neighborhood. 21244A 

A basic, two-dimensional TMC2302-based system is 
shown in Figure 2. In this typical arrangement, two 
Image Manipulation Sequencers process the image. The 
only other components needed beyond the source and 
target image buffer memories are a multiplier-

TRW LSI Products Inc. 

accumulator or pixel interpolator such as the TRW 
TMC2246 Image Mixer or TMC2250 Matrix Multiplier, 
and the Interpolation Coefficient Lookup Table RAM or 
ROM. 
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Figure 2. Basic Two-Dimensional Image Convolver Using TMC2302 IMS with Typical B•Bit Data Path 

Signal Definitions 

Power 

VDD· GND The TMC2302 operates from a single + 5V 
supply. All pins must be connected. 

Clock 

CLK 

46 

The pixel clock of the TMC2302 strobes all 
internal registers except the control para­
meter preload registers. All timing specifi­
cations except those are referenced to the 
rising edge of CLK. 

The internal image transformation and 
configuration control parameter registers are 
double buffered to simplify interfacing with 
system controllers. Depending on the state 
of the chip select ICS, control words input 
to IDAT 15-0 and the corresponding input 
parameter register addresses presented to 

Inputs 

IADR6-0 

IDAT 15-0 

IADR6-0 are strobed into the outer preolad 
registers on the rising edge of the Input 
parameter Write clock IWR. See Figure 3. 

The input parameter preload register 
currently indicated by the Input parameter 
register Address IADR6-0 is loaded with the 
data presented to input port IDAT on the 
rising edge of IWR, as demonstrated in 
Figure 3. 

Configuration and transformation parameter 
Input Data is presented, along with the 
appropriate input register address word 
IADR6-0· to the parameter Input Data port 

TRW LSI Products Inc. 
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Inputs (cont.) 

IDAT 15-0 IDAT 15-0 and is latched into the preload 
(cont.I registers on the next rising edge of IWR. 

Preload register updates are disabled by 
the chip select control ICS. See Figure 3. 

Figure 3. Image Transformation and Configuration 
Control Parameters Register Structure 

IWR 

IADR5.o 

ICS 

CLK 

Outputs 

SADR23-0 
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TADR11-0 

TMC2302 

INTERNAL TO REST 
REGISTER OF CHIP 

PIXEL 
CLOCK 
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The 24-bit address of one dimension (X, Y, 
ZI of the source image pixel value currently 
being resampled is output through the 
Source Address port SADR23-0· This port 
can be forced to the high-impedance state 
by the enable control OES. 

The integer address steps for each 
dimension of the spiral interpolation walk 
performed by the TMC2302, as determined 
by the transform parameter KERNEL are 
generated by the internal walk counter and 
output at the Coefficient Address output 
port KADR7 _o. This port can be forced to 
the high-impedance state by the enable 
control OEK. 

The 12-bit address of one dimension (U, V, 
WI of the target image pixel value just 
resampled is output through the Target 
Address Port TADR11-0· This port is forced 
into the high-impedance state by the 
enable control OET. TADR11-o can be 

TRW LSI Products Inc. 

Controls 

ICS 

INIT 

SYNC 

delayed up to seven clock cycles after the 
nominal sequence shown in Table 1 by 
utilization of the pipeline delay parameter 
PIPTAD. For systems requiring greater 
spatial resolution in the source image than 
that offered by the SADR23-0 alone, the 
Target Address Port can be reconfigured to 
output 12 additional LSBs of the source 
address by µia[;iny ihe devi[;e in lu ihe 
Extended mode, in which case the pipeline 
delay parameter must be set to 0 to 
maintain alignment with the current source 
address port output. See the Device 
Configuration and Control Parameters 
section. 

The input parameter preload register write 
clock IWR, and thus the preloading of all 
configuration and transformation para­
meters, is disabled on the next clock when 
the registered Input parameter Chip Select 
input is HIGH. When ICS returns LOW, 
they are enabled on the next clock. See 
Figure 3. 

The TMC2302 control logic is cleared and 
initialized for the start of a new image 
transformation, and the internal working 
registers are updated with the contents of 
the current control parameter preload 
registers when the registered control. input 
INIT is HIGH. The image transformation 
then commences with the first source 
image pixel address nine clocks later. 

The user can select between continuous or 
one-frame operation with the registered 
input control SYNC. Assuming that INIT . 
remains LOW and NOOP remains HIGH, 1f 
SYNC remains HIGH at the end of a 
transform the TMC2302 will begin the next 
image transformation without interruption. 
This assumes either that the user 1s not 
changing the parameter set, or that a new 
set of parameters has already been loaded 
into the preload registers. midframe, prior to 
the beginning of the last line in the 
transform. 
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Controls (cont.) 

SYNC If SYNC is LOW during the last clock cycle 
leant.) of a transform, the device will complete the 

image, having loaded the new transform 
parameter set during the first clock of the 
final line of the transform. and halt in the 
state set on the first clock cycle of the DES 

ACC 

48 

next transform. These outputs are held until 
SYNC is again brought HIGH, and operation 
resumes on the next clock. See Figure 5. 

The external pixel interpolator or multiplier­
accumlator is initialized for a new accumu­
lation of products by the registered Accu­
mulator Control output ACC. On the first 
cycle of each interpolation walk, this output 
goes LOW for one cycle, effectively clearing 
the register by loading in only the first new 
resampled pixel value. When performing 
nearest-neighbor resampling, this control 
will remain LOW throughout the entire 
transform. This output can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Table 1 by the pipeline 
delay parameter PIPACC. See the Device 
Configuration and Control Parameters 
section. 

On the last cycle of each interpolation 
walk, the Target Write Enable goes LOW 
forone clock cycle, returning HIGH for all 
but the last cycle of the next walk. When 
performing nearest-neighbor resampling, 
this control will remain LOW throughout 
the entire transform. This output can be 
forced to the high-impedance state by the 
enable control OET, and can be delayed up 
to seven clock cycles after the nominal 
sequence shown in Table 1 by the pipe­
line delay parameter PIPTWR. See the 
Device Configuration and Control 
Parameters section. 

Assuming that INIT remains LOW, the 
internal system clock of the TMC2302 will 
be disabled on the next clock, halting the 
current transform, when the registered 
control input NOOP goes LOW. When 
NOOP returns HIGH, normal operation 

Flags 

SVAL 

resumes on the next clock. This control 
does not affect the loading of the configu­
ration and transformation parameter preload 
registers. 

The source address port SADR23-0 is 
enabled when the asynchronous output 
enable DES is LOW. When DES is HIGH, 
the port is in the high-impedance state. 

The interpolation coefficient address port 
KADR7_0 is enabled when the asynchro­
nous output enable OEK is LOW. When 
OEK is HIGH, the port is in the high­
impedance state. 

The target address port TADR 11-0 and 
target write enable TWR are enabled when 
the asynchronous Target Output Enable OET 
is LOW. When OET is HIGH, these outputs 
are in the high-impedance state. This 
control functions in both the normal and 
extended addressing modes. 

When the current source image address 
component output is within the working 
space defined by the parameters XMIN and 
XMAX (or YMIN, YMAX for the column 
(Y/V) device or ZMIN, ZMAX for the page 
(Z/W) device). the Source Address Valid 
flag SVAL for that device is LOW. This flag 
will go HIGH on the clock in which the 
corresponding component address falls 
outside the defined region. lri a typical 
system, the SVAL outputs of all IMS 
devices are OR'ed together to generate a 
global boundary violation flag. The user 
might then insert zeroes into the pixel 
interpolator to ignore that portion of the 
image outside the defined space, or insert 
a background color or image. This output 
can be delayed up to seven clock cycles 
after the nominal sequence shown in Table 
1 by the pipeline delay parameter PIPSVA. 
See the Device Configuration 
and Control Parameters section. 
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Flags (cont.) 

TVAL 

ENDO 

When the current target image addresses 
are within the working space defined by 
the parameters UMINI and UMAXI, and 
VMINI and VMAXI (and WMINI and 
WMAXI for systems processing three­
dimensional images), the Target Address 
Valid flag TVAL for that device is LOW. This 
flaq will qo HIGH on the clock in which 
the current target address outputs fall 
outside the defined region. Since each 
TMC2302 device is programmed with 
distinct MINI/MAXI parameters and 
generates a separate TVAL flag, the user 
may define separate two or three­
dimensional target space windows for each 
device. TVAL can be delayed up to seven 
clock cycles after the nominal sequence 
shown in Table 1 by the pipeline delay 
parameter PIPTVA. See the Device 
Configuration and Control Parameters 
section. 

During the last pixel interpolation walk of a 
row (XIU device), the last row in a page 
(Y/V device), or the last page in a three-

TRW LSI Products Inc. 

DONE 

dimensional transform (Z/W device), the 
flag ENDO goes HIGH for the entire walk, 
indicating End of the transform in that 
dimension. It remains LOW otherwise. This 
output can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table 1 by the pipeline delay parameter 
PIPEND. See the Device Configuration 
and Control Parameters section. 

On the last clock cycle of the current 
image transform, the DONE flags on all 
TMC2302s go HIGH for one clock cycle. 
On the next clock cycle, all devices output 
the first addresses and control signals for 
the next image transform. If SYNC is LOW, 
the IMS system halts. If SYNC is HIGH, 
operation continues without interruption. 
See "SYNC;' in the Controls section. This 
flag can be delayed up to seven clock 
cycles after the nominal sequence shown in 
Table 1 by the pipeline delay parameter 
PIPDON. Also see "PFLs;· in the Device 
Configuration and Control Parameters 
section. 
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Package Interconnections 

Signal Signal 
Type Name Function HS Package Pins 

Power Voo Supply Voltage C3, C2, F3, G3, J3, L2, L4, L7, L11, Kll, 
Jl 1, H12, G12, Fl 1, 011, A13, A4, 83 

GND Ground 03, E3, G2, H3, K3, Nl, L5, Ml 1, M12, L12, 
K13, Hll, Gll, F12, Ell, C12, C11, C4, Al 

Clocks CLK System Clock J12 
IWR Input Parameter Write Clock J13 

Inputs IDAT15_0 Input Parameter Data A10, C9, 810, Al 1, 811, C10, A12, 812, 
813, C13, 012, 013, E12, E13, F13, G13 

IADR5.o Input Parameter Address A7, C7, 87, AB, 88, ca. A9 

Outputs SADR23-0 Source Address 86, C6, A5, 85, C5, 84, A3, A2, 
82, Bl, Cl, 02, 01, E2, El, F2, 
Fl, Gl, Hl, H2, Jl, J2, Kl, K2 

KADR7.o Coefficient Address N2, M3, N3, M4, N4, M5, N5, L6 

TADR11.o Target Address N12, N11, MlO, L9, NlO, M9, 
N9, LB, MB, NB, N7, M7 

Controls INIT Initialize K12 
SYNC Run/Halt H13 
ICS Input Parameter Chip Select 89 
ACC Accumulate Ml 
TWR Target Memory Write Enable NS 
NDDP No Operation L13 
DES Source Address Output Enable A6 
DEK Coefficient Address Output Enable M2 
DET Target Address Output Enable MS 

Flags SVAL Source Address Valid L1 
TVAL Target Address Valid M13 
ENDO End of Dimension N13 
DONE Done LlO 

No Connects NC No Connect L3 
Index Pin 04 
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Table 1. Nominal Output Signal Timing 

SADR23-0 1 ACC TADR11-0 

X1-1,J,O 0 UL-1,M 

Xl-1,J,1 1 UL-1,M 

Xl-1,J,2 1 UL-1,M 

• . . 
X1-l,J,K 1 " VL-1,M 

X1,J,O 0 UL,M 

X1,J,l 1 UL,M 

X1,J,2 1 UL,M 

• . . 
X1,J,K 1 UL,M 

Note: 1. KADR 7_0 timing identical. 

The nominal sequence of address and control signals of 
a two-dimensional, single-pass-programmed TMC2302 
system, with all PIPE parameters set to 0, is shown in 
Table 1. Here, the values of the last two new target 
image pixels UL-1 M and UL,M are being calculated, and 
the beginning and end of the interpolation walks of 
length K which sample source image pixels in the 
neighborhod of locations (X1-1 J, X1 JI can be seen. 
Utilizing the arrival of the source image address 
(SADR31-ol as a reference point, the other signals 

Transformation Coefficient and Configuration and 
Control Parameters 

The TMC2302 is intended to act as a co-processor, 
requiring only that the user program the device to 
perform the image transformation desired by loading in 
the appropriate device configuration and transformation 
control parameters discussed in this section. The user 
then issues an "lnit" command, allowing his system to 
run unattended until the completion of the image when 
a "Done" flag is generated to inform the host system. 

The capabilities and flexibility of the TMC2302 Image 
Manipulation Sequencer are apparent when reviewing 
the following tables which define the transformation 
coefficient and configuration and control parameters. 
These tables are broken up into two separate groups. 
The first parameters discussed are the control words 
which select the dimension calculated, the functional 
configuration of each device, the working space in which 
they will operate, the size of the interpolation kernel 

TRW LSI Products Inc. 
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TWR END DONE 

1 0 0 

1 0 0 
1 0 0 

n ~ G u 

1 1 0 
1 1 0 
1 1 0 

0 1 1 

shown can be delayed up to seven clock cycles from the 
nominal timing shown here, allowing the user to 
configure these outputs to match the timing latencies of 
his pixel data path structure. Considerable speed and 
timing variations in image buffer memory, data register, 
and pixel interpolator structure can thus be accomodated, 
with minimal corresponding support hardware. Also see 
"PFLS;' in the Device Configuration and Control 
Parameters section. 

desired, and the timing of the various address and 
control signals involved in handling the pixel data 
pipeline. The second parameters are the polynomial 
transform coefficients used in performing image 
manipulation. The TMC2302 utilizes three levels of 
internal 48-bit accumulators to calculate these values by 
forward difference accumulation, generating no significant 
cumulative spatial error for most applications. The user 
must be aware that all internal parameter and coefficient 
registers must be set by the user, including resetting 
after powerup any unused control words or coefficients. 

A major difference between the TMC2302 and the 
TMC2301 is that elimination of the device interconnects. 
Instead, the user programs all X, U, V, and W boundaries 
into all TMC2302 devices. The system's progress through 
the image is monitored by each device independently 
and in parallel. 
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Transformation Coefficient and Configuration and 
Control Parameters (cont.) 

The boundary values are usually identical in all devices in 
order to maintain synchronous operation. 

As mentioned above, the TMC2302 also features user­
programmable image data pipeline configuration controls. 
All output signals except the source and coefficient 
address outputs can be individually delayed by the user 
up to seven clocks after the nominal system timing 
illustrated in Table 1. This allows the user to software­
configure the TMC2302s in his system to match his pixel 
interpolator, image buffer, and interpolation coefficient 
RAM structure timing. 

The user can also program the device to continue into 
the next image for a set number of clock cycles after 
the Done flag has appeared. First, this "flushes" the final 
resampled pixel data word through the interpolation 
pipeline, all the way to the target image RAM. Also, 
valid pixel data will then appear on the first clock of the 
next transform independent of the length of the pixel 
pipeline, incurring no lost clock cycles. 

Device Configuration and Control Parameters 

UMIN, 
VMIN, 
WMIN 

UMAX, 
VMAX, 
WMAX 

The memory addresses of the target image 
boundaries corresponding to the top, left 
side, and front page of the new image 
being generated are defined in all devices 
of the user's system by the parameters 
UMIN, VMIN, and WMIN, respectively. At 
the beginning of the transformation, the 
initial source image coordinate (Xo, Yo, Zo) 
will be mapped to this coordinate set. The 
numeric format assumed is 12-bit unsigned 
binary integer. 

The memory addresses of the target image 
boundaries corresponding to the bottom, 
right side, and last page of the image 
being generated are defined in all devices 
by the parameters UMAX, VMAX, and 
WMAX, respectively. These values should 
be greater than the UMIN/VMIN/WMIN 
values defined above. Numeric format 
assumed is unsigned 12-bit binary integer. 

Note: The parameter U.MAX must exceed UMIN so as to 
ensure that a minimum of 5 system clock cycles in two­
dimensional operation, or 15 clock cycles in three-
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dimensional operation, pass between the periods in 
which these two target address values are generated. 
Thus in 2D nearest neighbor operation UMAX must be 
5 greater than UMIN. In 2D bilinear interpolation mode 
(4-pixel two-dimensional kernel), the distance must be 
two pixels in the target image (actually enforcing a 
spacing of 8 system clocks). 

UMINI, 
VMINI, 
WMINI 

UMAXI, 
VMAXI, 
WMAXI 

XMIN, 
XMAX 

PFLS 

The target image addresses corresponding 
to those of the top, left side, and front 
page of the 2 or 3 dimensional region 
indicated by the valid target address flag 
TVAL are UMINI, VMINI, and WMINI, 
respectively. Thus, to define a valid region 
beginning at "m;' the MINI parameter 
value is "m." These parameters are 
assumed to be in 12-bit unsigned binary 
integer format. 

The target image addresses one more than 
those of the right side, bottom and back 
page of the region indicated by the valid 
target address flag TVAL are UMAXI, 
VMAXI, and WMAXI, respectively. Thus, to 
define a valid region ending at "n;' the 
MAXI parameter value is "n + 1 ". These 
parameters are assumed to be in 12-bit 
unsigned integer format. 

The source image boundaries are defined 
for each device by the parameters XMIN 
and XMAX, in the case of the row device. 
The column device then contains YMIN 
and YMAX, and the page device (in sys­
tems performing three-dimensional opera­
tions) ZMIN and ZMAX. The value of 
XMAX should be greater than XMIN if the 
boundary violation flag SVAL is to operate 
correctly. These values are assumed to be 
in 32-bit unsigned binary integer format. 

The user can set the number of clock 
cycles that the TMC2302 continues in to 
the next image following the DONE flag, 
allowing his system to Flush all control and 
data pipeline paths and halt after a maxi­
mum of seven cycles. The numeric format 
assumed is three-bit unsigned binary 
integer. 
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Device Configuration and Control Parameters (cont.) 

PTAD, 
POON, 
PEND, 
PTVA, 
PSVA, 
PTWR, 
PACC 

XTND 

E3D 

DIM 

MODE 

As mentioned above, the control signals 
and target image pixel addresses generated 
by the TMC2302 can be delayed up to 
seven clock cycles after the nominal timing 
shown in Table 1 by setting the appro­
priate Pipeline delay word. The numeric 
format assumed for all delay words is 
thrPe-hit 11nsigneci hin;:iry integer 

When the user sets the control bit XTND 
to 1, the TMC2302 operates in an 
extended-resolution source address bus 
configuration. Assuming that the user has 
his own raster scan generator available 
elsewhere to manage the flow of output 
pixels from the TMC2302 system, the 
target address output bus TADR 11-0 is 
reconfigured internally into an extension of 
the source address bus, as SADR11-0· The 
original source address bus SADR23-0 is 
then SADR35-12· providing 36 bits of 
spatial resolution in the source address 
space. An XTND of 0 puts the device in 
the standard 24-bit source, 12-bit target 
address configuration. 

Setting this control bit to 0 indicates a 
two-dimensional image transform is to be 
performed. When the E3D is set to 1, a 
three-dimensional image is assumed, using 
three TMC2302 devices. 

The user sets each TMC2302 to operate in 
a specific dimension as follows: 

DIM1,0 Dimension 

00 X/U !Row) Device 

01 Y/V !Column) Device 

10 Z/W !Page) Device 

11 No Operation 

In systems performing the standard two­
dimensional spiral interpolation walk, MODE 
is set to 11, indicating single-pass opera­
tion. When performing multiple-pass 
resampling, the user must set this two-bit 
control word pass-by-pass in all IMSs, to 
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KERNEL 

FOV 

implement each pass direction. For instance, 
setting MODE to 00 causes the TMC2302 
system to increment only in the X-direction, 
holding the Y (and Z) addresses constant 
until the end of that pixel walk. On the 
next pass through the image, the user sets 
MODE=01, with the kernel increment in Y 
only In 30, the !~AS system then proceeds 
again through the (U, V) target image 
space, walking kernels only along the Z 
direction. 

MDDE1,0 

00 
01 

10 

11 

Resampling Performed 

X-Pass 

Y-Pass 

Z-Pass 

Two-Dimension Spiral Walk 

This parameter determines the size of the 
interpolation walk performed. To implement 
a convolutional sum of K + 1 pixels, the 
parameter KERNEL is set to K, up to a 
maximum of 255. In single-pass operation, 
this value must be identical in all devices, 
giving a square interpolation kernel. In 
multiple-pass operation, however, non­
square kernels may be implemented, with 
different K values in each dimension. Or, 
the user could utilize a banded memory 
architecture in two-pass mode to access an 
entire row or column of a kernel in one 
clock, completing the entire sum in a single 
pass through the other dimension of the 
kernel. Numeric format is 8-bit unsigned 
integer. 

The user determines the size of each step 
in an interpolation walk, in terms of the 
number of source image pixels, by setting 
the Field Of View control. The binary 
weighting of the image transformation 
parameters and source address must be 
taken into account when determining this 
value. See Table 6 and the Applications 
Discussion section. The numeric format 
assumed is unsigned 16-bit integer. 
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Table 2. Control Parameter Registers Binary Format (Row, Column or Page Device) 

Addr Format 
Name Hex MSB 

UMIN 30 

UMAX 31 

UMINI 32 

UMAXI 33 

VMIN 34 

VMAX 35 

VMINI 36 

VMAXI 37 

WMIN 38 

WMAX 39 

WMINI 3A 

WMAXI 3B 

XMINL 3c 215 214 213 212 211 210 29 2s 21 26 25 24 23 22 21 

LSB 

20 

20 

20 

20 

20 

Limits 
Dec Hex 

4095 
0 

4095 
0 

4095 
0 

4095 
0 

4095 
0 

4095 
0 
4095 
0 

4095 
0 

4095 
0 

4095 
0 

4095 
0 

4095 
0 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

FFF 
000 

00000000 

00000000 

XMAXM 3F 231 230 229 22s 221 226 225 224 223 222 221 220 219 21s 211 216 232_ 1 FFFFFFFF 

PFLS 40 

PTAD 40 

POON 40 

PEND 40 

PTVA 40 

PSVA 41 

PTWR 41 

Note: Table 1 continues on the following page. 
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7 
0 

7 
0 

7 
0 

7 
0 
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Table 2. Control Parameter Registers Binary Format (cont.) 

Addr Format 
Name Hex MSB 

PACC 41 

XTND 41 

E3D 41 

DIM 41 

MODE 41 

KERNEL 42 

FOV 43 

Transformation Parameter Registers 

The Transformation Parameter Word storage register 
addresses for the XIU device are listed in Table 3, along 
with the differential terms for each polynomial coefficient 
for both two and three-dimensional transforms. The 
polynomial terms for the other IMS devicels) are found 
by replacing every "X" in the table with a Y lor Z). A 
TMC2302-based system can perform image manipu­
lations of up to third order in two dimensions, and three­
dimensional transforms of up to order 1.5 l"first-and-a­
half order"). Also, see "The Image Transformation 

Limits 
LSB Dec Hex 

XTND 

E3D 

MODE1 MODEo 

20 

7 
o 

7 
o 

255 FF 
o oo 
216_1 FFFF 
o 0000 

Polynomial", in the Applications Discussion section. 

The notation used to define each polynomial coefficient 
term in Table 3 is easily interpreted. Each differential is 
of course defined by a differential in X, followed by the 
corresponding dependent U, V. or W terms. Thus, 

DXUV is equivalent to d2XldUdV 

and OXUUUV to d4XldLJ3dV. 

Table 3. Transformation Polynomial Coefficient Register Addresses 

Parameter Coefficient Word Addresses (hex) 

Name 20 Term 30 Term MSW csw LSW 

A Xo Xo 00 01 02 

B DXU DXU 03 04 05 

c DXUU 06 07 08 

D DXUUU 09 OA OB 

E DXV DXV oc OD OE 

F DXUV DXUV OF 10 11 

G DXUUV Xo 12 13 14 

H DXUUUV DXU 15 16 17 

I DXVV DXVW 18 19 lA 

J DXUVV DXUVW 18 lC lD 

K DXUUVV DXW lE lF 20 

L DXUUUVV DXUW 21 22 23 

M DXVVV 24 25 26 

N DXUVVV 27 28 29 

0 DXUUVVV 2A 28 2C 
p DXUUUVVV 2D 2E 2F 

Note: The x0 and DXU terms must each be loaded into two different registers when performing 30 transforms. Table 3 shows the binary weighting of all 
of the Transformation Parameter words, which are 48-bit signed fractional binary. 
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Table 4. Integer Binary Weighting of Transformation Parameters 

Format 
MSB 

MSW -247 246 245 244 243 242 241 240 239 

csw 231 230 229 22s 221 226 225 224 223 

LSW 215 214 213 212 211 210 29 28 27 

Note: A minus sign indicates a sign bit 

Figure 4a. Timing Diagram, Pixel Clock, Control, and 
Outputs 

CLK 

INPUTS I 

OUTPUTS2 

NOTES: I. Except OES, OET. and OEK. 
2. Assumes OES, OET. and OEK = LOW. All pipeline latency paramelers set to 0 

21247A 

Figure 5. Equivalent Input Circuit 

n SUBSTRATE 

01 
p 

p+ 

CONTROL 
INPUT o--+-----+----4 

1KO n+ 

02 n 

pWELL 

.,. GNO 21119A 

Limits 
LSB Dec Hex 

238 237 236 235 234 233 232 248_ 1 FFFFFFFFFFFF 

222 221 220 219 21 s 211 215 

26 25 24 23 22 21 20 000000000000 

Figure 4b. Timing Diagram, Preload Parameters 

IWR 

IDATXXXXX DAT1 ~ 
I I 

IADRXXXXXADR1 ~ 

ICS \1~1~ 
Value "OAT I" is loaded into address "ADR I" on the firs! rising edge of IWR, since ICS = 0. 

Nolhing happens on the second rising edge of IWR, when TCS = 1. 

Figure 6. Equivalent Output Circuit 

p 

>-----..--~ 

n SUBSTRATE 

01 

p+ 

n+ 

02 

pWELL 

21121A 

Figure 7. Threshold Levels for Three-State Measurements 
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OES, OEK, OET 

THREE·STATE 
OUTPUTS HIGH IMPEDANCE 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................ - 0.5 to + 7 .OV 

Input Voltage ................................................................................................................................................................................. - 0.5 to (Voo + 0.5)V 

Output 

Applied voltage 2 ................................................................................................................................................... -0.5 to 1v00 + 0.5)V 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................... 1 Second 

Temperature 
Operating, case .............................................................................................................................................................. - 60 to + 130°C 

junction ........................................................................................................................................................................... 175°C 

Lead, soldering 11 O seconds) ......................................................................................................................................................... 300°C 

Storage ............................................................................................................................................................................ -65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. and measured with respect to GNO. 

Operating conditions 

Temperature Range 

Standard 
-1 

Parameter Test Conditions Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.75 5.0 5.25 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 

V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 8.0 8.0 mA 

loH Output Current, Logic HIGH -4.0 -4.0 mA 

tcy Cycle Time Voo=Min 33 25 ns 

tpwL Clock Pulse Width, LOW Voo=Min 15 12.5 ns 

tpwH Clock Pulse Width, HIGH Voo=Min 15 10 ns 

ts Input Setup Time 10 8 ns 

tH Input Hold Time 2 2 ns 

TA Ambient Temperature, Still Air 0 70 0 70 ac 
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Electrical characteristics within specified operating conditions 1 

Temperature .Range 

Standard 
-1 

Parameter Test Conditions Min Max Min Max Units 

looo Supply Current, Quiescent Voo=Max, V1N=OV 10 10 mA 

loou Supply Current, Unloaded Voo=Max, f=20MHz, 70 70 mA 
OES=OEK=OET =5V 

l1L Input Current, Logic LOW Voo=Max, V1N=OV -10 -10 µA 

l1H Input Current, Logic HIGH Voo=Max, V1N=Voo 10 10 µA 

Vol Output Voltage, Logic LOW v0o =Min, loL =Max 0.4 0.4 v 

VoH Output Voltage, Logic HIGH Voo =Min, loH =Max 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 -40 µA 

lozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, V1N=Voo 40 40 µA 

los Short-Circuit Output Current Voo =Max, Output HIGH, one pin -20 -70 -20 -70 mA 
to ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=1MHz 10 10 pf 

Co Output Capacitance TA=25°C, f=1MHz 10 10 pf 

Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
-1 

Parameter test Conditions Min Max Min Max Units 

too Output Delay Voo=Min, CLoAo=25pf 15 12 ns 

tHo Output Hold Time Voo=Max, CLoAo=2.5pF 4 4 ns 

tENA Three-State Output Enable Delay 1 . Voo =Min, CLOAD.; 25pf 12 12 ns 

to1s Three-State Output Disable Delay1 Voo=Min, CLOAo=25pf 15 15 ns 

Note: 1. All transitions are measured at a 1.5V level except for trns and tENA· 

Applications Discussion 

The Image Transformation Polynomial 

On any given clock cycle, when performing a two­
dimensional geometric transformation the addresses 
output by the row (X/U) TMC2302 are generated by 
forward difference accumulation according to the 
following third-order polynomial: 

The polynomial utilized for three-dimensional transforms 
is: 

xlu.v) = a + bu + cu2 + du3 + ev + fvu + gvu2 + hvu3 
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+ iv2 + jv2u + kv2u2 + lv2u3 + mv3 + nv3u + ov3u2 
+ pv3u3 + FOV • CAXlca) + FOV • u • CAXIKer) 

xiu,v,w) = a + bu + ev + kw + fuv + ivw + luw + juvw 
+ FOV • CAXlca) + FOV • u • CAXIKer). 

where UMIN< u < UMAX, VMIN ~v <VMAX, 
WMIN<w<WMAX, and the polynomials for the 
column or page devices are obtained by replacing the 
x by a y or z, as appropriate. 
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The Image Transformation Polynomial (cont.) 

FOV is the 16-bit field-of-view parameter, normally set so 
that the spiral walk proceeds in single-pixel steps. FOV 
can be increased to expand the step size and thus the 
spiral walk, subsampling the image. See Table 2 and 
Table 6. Also, CAX(ca) is the current value of the 
coefficient address, and CAX(Ker) is the terminal value of 
each pixel walk in that dimension. See the Interpolation 
Coefficient Lookup Table Addressing. The CAX(Ker) 
term aiises because the IRS computes each new waik's 
starting point from the previous spiral walk's end point, 
rather than its starting point. 

Table 5. Transformation Polynomial Coefficients 

Two-Dimensional 

-~··· .. , .. 
We can reform the two-dimensional polynomial as: 

x(u,vl = (a + ev + iv2 + mv31 + (b + fv + jv2 + nv31u 
+ le + gv + kv2 + ov31u2 + Id + hv + lv2 + pv3Ju3, 

and retain the simpler three-dimensional form: 

x(u,v,wl = a + bu + ev + kw + fuv + ivw + luw + juvw 

~:mrl rli:::afinc c~rh nf the nnhmnmi~I l"ncffiricntc- in 
.......... ...,.._,llllV .............. VI ....... .t'Vl,llVllll .... I UVVlllUIVll"U Ill 

arithmetic terms, as shown in Table 5. 

Parameter 
Three-Dimensional 

Name Term Coefficient Term Coefficient 

A Xo a Xo a 
B DXU b+c+d DXU b 
c DXUU 2c+6d - a 
D DXUUU 6d - 0 

E DXV e+i+m DXV e 
F DXUV f+g+h+j+k+l+n+o+p DXUV f 
G DXUUV 2(g + k + o) + 6(h +I+ p) ~ a 
H DXUUUV 6(h+I +p) DXU b 
I DXVV 2i+6m DXVW i 
J DXUVV 2(j+ k+ I)+ 6(n+o+p) DXUVW j 
K DXUUVV 4k+ 121+ 12o+36p DXW k 
L DXUUUVV 
M DXVVV 
N DXUVW 
0 DXUUVW 
p DXUUUVVV 

Understanding The Polynomial Coefficients 
An Overview 

121+36p 
6m 
6(n+o+p) 
12o+36p 
36p 

As the formulae indicate, the source address is a 
polynomial function of the two (or three) dimensions of 
the target address. Each of the 16 terms of the equation 
is of the form: 

dm + n + Px 

dum dvn dwP, 

and may be treated approximately as a mixed partial 
difference of order m, n, and p. 
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- 0 

- 0 

- 0 

- 0 

The simplest term, Xo. is a zeroeth (non-) function of the 
target addresses; it specifies the source address point 
corresponding to the upper left point in the target space. 

The next-simplest terms, dX/dU and dY/dV, govern the 
relative scales of the source and target images, i.e., how 
large a step in source space corresponds to a unit step 
in the corresponding direction in the target space. As 
long as the cross-terms, dXldV and dYldU, are zero, this 
is a straight scale operation, without rotation or shear. 
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Understanding the Polynomial Coefficients (cont.) 

The first-order cross terms, dX/dV and dY/dU, generate 
source space displacements perpendicular to unit dis­
placem~nts in the target space, thereby causing shearing 
of the image. In conjunction with the parallel source 
tern:s described above, they govern rotation, shear, and 
scaling of the image. · 

Although the actions of the higher-order terms become 
progressively difficult to describe, all terms behave 
essentially as partial differences of various orders and a 
little thought and common sense will generally l~ad the 
user to the proper conclusions. For example, the term 
dXUU (using the notation of Table 3) is a horizontal 
scale factor which increases as one progresses across 
each row, causing a quadratrc horizontal warp. In fact, all 
terms ?f the for~ dmX/dUm or dnY/dVn cause only 
stretching of the image, never rotation. 

Interpolation Coefficient Lookup Table Addressing 

The external coefficient lookup table RAM stores the 
interpolation coefficient values used to calculate the 
value of the new pixel. These values are selected by the 
~ser .. allowin~ ~aximum filtering flexibility. In simple 
filtering applications, the source and target· pixel 
addr~s~es map. one-to-one, and only one interpolation 
coeff1c1ent set 1s required. These integer addresses are 
generated for each dimension by the internal walk 
counters of each TMC2302. 

However, applications performing a coordinate transfor­
~ation will almost al"."ays generate non-integer source 
pixel addresses; that 1s, the U (or V) locations will not 
map to the X (or Y) addresses exactly, and fractional 
source address components are generated. The user 
must the_n expand th_e interpolation coefficient lookup 
table to include spatially-corrected values, as determined 
by the subpixel resolution of the system. 

The TMC2301 Image Resampling Sequencer allows the 
user to trade su~p!xel resolution against interpolation 
step size by obtaining the interpolation coefficient 
addresses directly from the fractional part of the source 
address. The TMC2302 gives the user 16 different 
interpolation bit weighting positions. The complete 
Interpolation Coefficient Address for that dimension then 
consists of both the 8-bit interpolation walk address 
K~DR7_0, weighted to match the source address binary 
point by the parameter FOV, and the fractional portion of 
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the source pixel address SADR23-o. to the desired 
subpixel resolution. See Table 6. 

Internal and External Data Formats 

The source address value output by the TMC2302 is a 
24~bit two's complement number, with binary point · 
assignable by the user anywhere in the 16 lower bits. 
The Extended mode appends 12 additional fractional bits 
~or greater output precision. All internal computations 
include these 24 plus 12 bits, plus an additional 12 
lower bits, for 48-bit precision. See Table 6. 

Internally, each TMC2302's source address (X. Y, or Z) 
generator computes a 48-bit address through a mode­
specific. accumulation of the sixteen 4$-bit user-specified 
resamphng parameters. The 24 most significant bits of 
the final accumulation emerge via the source address 
port, whereas the "extend" mode makes the 12 next­
most-significan~ b!t~ avail~ble at the target address port. 
The 12 least s1gnif1cant bits are truncated internally. 

Source Address Bit Weighting and Setting the 
Binary Point 

When performing nearest-neighbor resampling, the user 
may a~bitrarily trade source image size against subpixel 
res~l~tion merely by adhering to a single binary point 
P?S1t1on f?r all resampling parameters. For example, if the 
binary point follows the 16 most significant bits in each 
resampling parameter, then it will appear following the 
source address' 16 most significant bits, leaving 8 (20 in 
extended mode) bits of subpixel resolution. 

!n any fil~ering or resampling operation performing an 
interpolation walk, the user should set the Field of View 
(FOY! paramete~ according to the desired binary point 
pos1t1on determined above, as follows. To provide 224 
integra! pixel positions per dimension, with no subpixel 
resolution, set FOV = 0001 (hex). For 223 positions with 
1-bit (0.5) _s~bpixel resolution, FOV = 001 O (hex). Similarly, 
for 29 pos1t1ons and 15-bit subpixel resolution, 
FOV=8000 (hex). As shown in Table 6, using the 
parameter FOV the user effectively "shifts" the bit 
weight of the co.efficient a~dress word KADR7_0 to 
match the established location of his source address 
binary P?int. In_ each case, the EXTEND mode provides 
12 add1t1onal bits of subpixel resolution but eliminates 
the separate target or raster address, which must then 
be generated elsewhere in the user's system. 

TRW LSI Products Inc. 



TMC2302 

Table 6. Relative Bit Weighting - Source Address 

Word 
Weight 

247 246 ... 240 239 232 231 ... 225 224 223 ... 216 215 ... 212 ... 28 27 ... 20 

Transform 
Parameters -47 46 0 

Internal Source 
Address Generator -47 46 0 

Source Address 
Ou!pu! S.A_OR23-U -71 77 1R 1'i 8 7 1 0 

Extended Mode Only 
TADR11-0 11 ... 4 3 ... 0 

KADR7_0 
FOV=0001 27 . ... 20 

FOV=0002 27 . . . 
FOV=8000 27 .. . 21 20 

Note: A minus sign indicates a sign bit. 

Utilization of the Image Boundary Flags SVAL and 
TVAL 

As mentioned above, the TMC2302 provides two 
programmable valid address, or boundary flags. The 
source valid flag SVAL is asserted when the current 
source image address output for that device's source 
image dimension is within the space defined by the 
configuration parameters XMIN and XMAX, or YMIN 
and YMAX, or ZMIN and ZMAX, as appropriate. Also, 
the target valid flag TVAL is available to indicate when 
the current target image address values fall within the 
space defined by the configuration parameters UMIN!, 
UMAXI, VMINI, VMAXI, and also WMINI and WMAXI 
in three-dimensional systems. Note that all of these 
parameters are each programmed into each individual 
TMC2302. Thus, the user could define two lor three) 
different working spaces, one indicated by each IMS 
device. 

Figure 8 may help clarify the relationships among IXo, 
Yo, Zo), !UMIN, VMIN, WMIN), and IUMAX, VMAX, 
WMAX), for the two-dimensional case. With positive 

26 

first derivatives, IXo, Yo) and !UMIN, VMIN) represent 
the upper left corners of the original image and the new 
destination field, respectively. The lower right corner of 
the new transformed image is located at IUMAX, 
VMAX); the location of the corresponding corner of the 
original image depends on the values of the derivatives. 
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Not to be confused with IXo, Yo), the points IXMIN, 
YMIN) and IXMAX, YMAX) define the "usable" rectan­
gular portion of the original image which is indicated 
by the valid address flag SVAL; points IX, Y) lying 
outside this region are ignored in most resampling and 
filtering applications. Specifically, the point IXo, Yo) is 
the location from which the TMC2302 system begins 
the image resampling sequence. Every step beyond that 
point in the source image space is defined by the 
address generators implementing the image transfor­
mation polynomials. 

The valid source address flag feature permits one to 
construct a mosaic of several abutting subimages in the 
IX, Y) plane, without danger of edge effect interference 
between adjacent subimages. Note in the figure that the 
upper right corner of the resampled source image lies 
outside the admissible region; in practice, the values 
fetched at these locations will not be included in the 
convolutional sums. One might, for instance, program 
these boundary values to alert the system that an edge 
is being approached and to modify the interpolation 
coefficients appropriately, or simply to ignore pixel values 
outside the defined space. 
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Utilization of the Image Boundary Flags SVAL and 
TVAL (cont) 

The flag TVAL however is utilized somewhat differently. 
Working in unison with the target address working space 
defined by UMIN/UMAX, etc, the target address valid 
flag could be programmed to delineate image areas 
other than the immediate working space, and the flag of 

each TMC2302 to indicate unique regions anywhere 
within the target image. With this flexibility, the user can 
generate windows, composite multiple images, or simply 
switch to a background image or border color. 

Figure 8. Pixel Maps Demonstrating Source and Destination Image Boundaries, Violation Flags, and Image 
Clipping !Note Shaded Areas) 

I 

--, 
I 

L __ s~=o ____ _... 

SVAL = 1 (XMAX, YMAX) / 

SOURCE IMAGE SPACE 

~~UMl~VMI= 
---, 

I I 

(UMIN, VMIN) 

(UMAX, VMAX) 

____ .... 
(UMAXI, VMAXI) / TVAL = 1 

TARGET IMAGE SPACE 
21250A 

Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TMC2302H5C 1 STD-TA= 0°C to 10°c Commercial, 30MHz 120 Pin Plastic PGA 2302H5C 
TMC2302H5C1 1 STD-TA= 0°C to 70°C Commercial, 40MHz 120 Pin Plastic PGA 2302H5C1 

Note: I. Consult factory for ava1lab11ity. 

All parameters 1n this spec1f1cation are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



Transform Products 

Transform products perform complex conversions from one signal space to another. The high level of 
integration in TRW products yields very efficient, cost-effective implementations of the basic signal 
processing functions. 

The Fast Fourier Transform is a basic tool in time/frequency domain processing. The TMC2310 
executes a 1 K point 16-bit FFT in 514µ,s ( 16 points in 4µ,s). 

The Fast Cosine Transform is the key functional element in image compression. The TMC2311 operates 
on 12-bit data at a 15 MegaPixel/s rate. 

The TMC2330 is tailored to convert data in polar coordinate space to rectangular space, or vice-versa, 
at rates of 25 million operations per second. 

TRW LSI Products Inc. 



Transform Products 

Clock 
Rate 1 Power 1 

Product Description Size (MHz) (Watts) Package Grades 2 Notes Page 

TMC2310-1 Fast Fourier Transform 16-Bit 20 0.75 G5 89 Pin PGA v 1024 Point Complex FFT in F3 
L4, L6 100 Lead LCC v 5141's with 19-Bit Internal 

20 0.75 H7 89 Pin PPGA c Precision and Block 
15 0.75 G5 89 Pin PGA v Floating-Point Rescaling. 

L4, L6 100 Lead LCC v 
TMC2311-2 Fast Cosine Transform 12-Bit 17.8 0.7 Rl 68 Lead PLCC c Data Compression Processor. F47 

-1 14.5 0.7 Rl 68 Lead PLCC c Meets CCITT Specifications. 
17.8 0.7 Rl 68 Lead PLCC c 8 x 8, 2-Dimension. 

TMC2330-1 Coordinate Transformer 16 x 16 Bit 25 0.7 H5 121 Pin PPGA c Cartesian - Polar Converter. F65 
L5 132 Lead CERQUAD v 

20 0.7 H5 121 Pin PPGA c 
L5 132 Lead CERQUAD v 

Notes: l Guaranteed. See product specifications for test conditions. 

2. C=Commercial, TA=D'C to 70°C. 
V = MIL-STD-883 Compliant, Tc= -55'C to 125'C 

2 TRW LSI Products Inc. 
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FFT Processor 
16/19-Bit, 20MHz 

The TMC2310 is an advanced integrated circuit which is 
capable of executing complex Fast Fourier Transforms 
(FFT}, forvvard or :~verse, cf ~p tc 1024 pc:i!ts, \Nith er 
without data windowing. The device operates with either 
unconditional or conditional overflow block floating-point, 
rescaling. Adaptive and static Finite Impulse Response 
filtering, real and complex multiplication or multiply­
accumulation, and magnitude squared operations are also 
supported. Sinusoidal coefficients !"Roots of Unity") for 
Fourier Transforms are provided in a Coefficient Look-Up 
Table in on-chip ROM. At the maximum clock rate of 
20MHz, the device will execute radix-2 butterflies in 
100ns, and 1024-point complex transforms 15120 
butterflies) in 5141-tSec. 

The TMC2310 provides the arithmetic, control, coefficient 
memory and address generation logic for a variety of 
signal processing and vector algorithms. External memory 
is used for storage of complex data and window or filter 
coefficients. Each data port is bidirectional and the 
device can be used with one or two banks of memory 
for either in-place or bank switched memory configura­
tions allowing the user to overlap 1/0 operations with 
arithmetic execution. All functions utilize the same basic 
system architecture, ensuring maximum flexibility. 

The control structure has been designed to simplify its 
use as a high-speed arithmetic accelerator. The device 
is programmed by initializing two internal configuration 
registers to set device parameters such as function, 
transform length, data addressing modes, single or bank 
switching memory architecture, and other options. Once 
initialized, the device generates data addresses and 
control for external memory, transfers data, executes the 
algorithm, and provides a DONE flag to indicate 
completion. 

Built with TRW's one-micron, OMICRON-C™ CMOS 
process, the TMC2310 is available in 89 pin plastic and 
88 pin ceramic pin grid arrays and a 100 leaded ceramic 
chip carrier. 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• Stand Alone Execution Of Forward Or Inverse Complex 
Fast Fourier Transforms, Adaptive And Non-Adaptive 
FIR Filtering, Multiplication Or Multiplication­
Accumulation !Real Or Complex) Magnitude Squared 

• Fast IOOns Per Butterfly Yieids A 2iv1Hz To 4fv1Hz 
Sampling Rate In Single-Device Systems 116-Point 
FFT In 41-tSec, 1024-Point In 514µSec) 

• Pipelined Addressing Mode And Internal Data Storage 
To Reduce Memory Bandwidth 

• Multiple-Transform Array Mode To Increase 
Throughput 

• On-Chip ROM Coefficient Look-Up Table For FFT 
Coefficients !"Twiddle Factors") 

• 16-Bit Fixed-Point Data Format With 19-Bit 
Intermediate And Final Results For Improved Precision 

• Conditional Overflow Rescaling Or Manual Scaling 
!Block Floating-Point) For High Signal-To-Noise 
Performance 

• Scaler !Block Exponent) Output 
• User-Programmable Window Functions 
• Complete On-Chip Address Generation And Control 

For Off-Chip Data And Window/IFIR) Coefficient 
Memory 

Logic Symbol 

HOST SCEN 
INTERFACE 

CLK 

CMD1 • o >---=-\-­
DONE 

0 0 - 1,illl1i1 vu 

10 

I RAMSEL WR RD I 
v~---~ 

ADg.o 

MEMORY CONTROL INTERFACE 

3 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

©TRW Inc. 1990 
40G05263 Rev. D-11 /90 
Printed in the U.S.A. 
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Applications 

• Radar 
• Sonar 
• Digital Communications 
• High- Speed Modems 
• Image Processing, Graphics 
• Test Instrumentation 
• Medical Electronics 

Functional Block Diagram 

Yoo>-----• 

GND >-----+ 

REAL 
1/0 PORT 
IRE1e-ol 

CLK >-----+--+---!> 

CM01-0 >--+---+--+---

4 

• Spectral Decomposition/Analysis 
• Frequency- Multiplex Demodulation 
• Adaptive Filtering And Equalization 
• Pulse And Image Compression 
• Frequency And Time Domain Digital Filtering 
• High - Speed Complex Multiplication 

WINDOW/FILTER 
COEFFICIENT 
PORT IW1s-ol 

1: :rnrnrnl CONTROL LOGIC PATH 

ARITHMETIC 
-...--------------! ELEMENT 

!IMAGINARY} 

MEMORY INTERFACE 

RAMSEL A09_0 Wii iii'i 

D DATA BUS PATH 

IMAGINARY 
1/0 PORT 
llM18-0l 
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Pin Assignments - 88 Pin Ceramic (G51 or 89 Pin Plastic (H71 Pin Grid Array 

Pin Name Pin Name Pin Name Pin 

Bl GND N2 GND M13 GND A12 
C2 CM Do M3 IM18 L12 SCEN Bil 
Cl CMD1 N3 IM17 L13 Wo All 
D2 DONE M4 IM16 K12 W1 BIO 
Dl RAMSEL N4 IM15 K13 W2 AlO 
E2 RD M5 IM14 J12 W3 B9 
El WR N5 IM13 J13 W4 A9 
F2 CLK M6 IM12 H12 W5 BB 
Fl A Do N6 IM11 H13 W5 AB 
Gl GND N7 IM10 G13 W7 A7 
G2 GND M7 GND G12 GND B7 
Hl vDD NB vDD F13 vDD A6 
H2 vDD MB IM9 F12 WB B6 
Jl AD1 N9 IMB E13 W9 A5 
J2 AD2 M9 IM7 E12 W10 B5 
Kl AD3 NlO IM5 D13 W11 A4 
K2 AD4 MIO IM5 D12 W12 B4 
Ll AD5 Nll IM4 C13 W13 A3 
L2 AD5 Mil IM3 C12 W14 B3 
Ml AD7 N12 IM2 B13 W15 A2 
Nl ADB N13 IM1 A13 W15 Al 
M2 AD9 M12 I Mo B12 GND B2 

C3 Index Pin (H7 packge only) 

Pin Assignments 
100 Leaded Ceramic Chip Carrier, L4 Package 

v00 1s 
REo 11 
RE1 78 
RE2 79 
RE3 80 

GND 81 
RE4 82 
RE5 83 
RE& 84 
RE7 85 
REa 86 

GND 81 

v00 as 
RE9 89 

RE10 90 
RE11 91 
RE12 92 
RE13 93 
RE14 94 
RE15 95 
RE15 96 

Voo 97 
RE17 98 
RE1a 99 
v00 100 

~i:l~l~ll~~~~~;~i~~~~~~~I 
~~~~~~m~~=~:~s~~$~~~~~~~~ 

PIN 1 IDENTIFIER LOCATED ON 
THE BOTIOM OF PACKAGE 

(TOP VIEW) 

~~~~~~~~~~~===2~~~~~ 

~ffl =~a1~~11i1111~1111~~ 
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Name 

REo 
RE1 
RE2 
RE3 
GND 

RE4 
RE5 
RE5 
RE7 
REB 
GND 

vDD 
RE9 
RE10 
RE11 
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RE14 
RE15 
RE16 
RE17 
RElB 

SD GND 
49 IMo 
48 IM1 
47 IM2 
46 IM3 
45 IM4 
44 v00 
43 IM5 
42 IMa 
41 IM7 
40 IMs 
39 IMg 
la v00 
37 GND 
36 IM10 
35 IM11 
34 IM12 
33 IM13 
32 IM14 
31 IM15 
30 IM15 
29 IM11 
28 IM11 
27 GND 
2& v00 

13 

12 

11 

10 

50 

26 

9 

8 

7 

6 

5 

4 

3 

2 

©© ©©©© ©©©© ©©© 
©© ©©©© ©©©© ©©© 
©© © © 
©© v \ 

©© 
©© ©© 
©© ©© 
©© 

TOP VIEW © © CAVITY UP 
©© ©© 
©© 

"" ./ ©© 
©© © © 
@@ @r<il( Key © © 
©©©© ©© ©©©© © © © 
©@©©©© 

lllli.. 
©©@©© © © 

ABCDEFGHJKLMN 

51 75 

PIN 1 IDENTIFIER 

(BOTIOM VIEW) 

• 
25 

76 

100 

5 



TMC2310 

Figure 1. Basic TMC2310 System . 
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Functional Description 

General Information 

The TMC2310 performs radix-2, Decimation In Time 
(DIT) Fast Fourier Transforms. It accepts 16- bit input 
data and maintains 19-bit intermediate results, with 
either automatic pass - by- pass or unconditional data 
rescaling (block floating- point). The 19-bit (RE, IM) 
data buses will accommodate up to three bits of word 
growth per data pass. Incoming data is rescaled to 
16 - bit, two's complement fractions on subsequent 
passes based on the maximum overflow detected during 
the previous pass (auto scale) or under user control 
(manual scale). To reduce memory bandwidth require­
ments (number of passes), the device performs radix - 2 
butterflies in sets of four (radix- 4 addressing). A "pass" 
is defined as one arithmetic operation performed on the 
entire data array. Therefore, a butterfly operation is 
considered to be one data pass. Fourier Transforms 
require multiple data passes with external memory used 
for storage of intermediate and final results. All other 
(non - FFT) operations are completed in one pass. 

As shown in Figures 1 and 2, a system can be con -
figured with either single or multi - port RAM, a window 
coefficient RAM/ROM, and very little additional hardware 
(see Applications Section). Multi- port memory simplifies 
the system interface, while use of a banked memory 
architecture (Figure 2) allows 1/0 operations to be 
overlapped with data processing, maximizing system 
performance. The internal sequencing and control logic 
allows the device to operate with minimal support from 
the host system. External control consists of the pro -
gramming of two internal configuration registers and a 
START, LOAD or RESET command. System performance is 
limited by either the maximum system clock rate or the 
memory access time. The architecture and sequencing of 
the TMC2310 are designed to minimize the number of 
wasted clock cycles between passes, ensuring that each 
butterfly can be executed in two clock cycles. 

The TMC2310 also supports the use of window functions 
for Fourier transforms. In order to perform windowing 
the user need only provide a set of coefficients in 
external ROM or RAM and program the device 
accordingly. Window functions are applied to (multiplied 
by) the input data during the first data pass. Typical 
configurations utilize a 1 K x 17 (x16 for positive 
coefficients) block of RAM or ROM on the dedicated 
window memory bus. For additional information regarding 
window functions consult reference [1]. 

TRW LSI Products Inc. 

The TMC2310 also performs in -place, memory based 
Finite Impulse Response (FIR) filtering. This function 
utilizes the external window port memory for storage of 
filter coefficients. Fixed coefficient and adaptive FIR filters 
can be implemented with 16 to 1024 coefficients (taps). 
Time domain filtering is accomplished with a memory 
based shift register technique 1n which the accumulated 
sum of products is determined (convolution of filter 
coefficients with stored data samples). Adaptive filtering 
allows real - time updates to filter coefficients by a 
dynamic update value. 

Real and Complex vector arithmetic functions include 
multiplication, multiply- accumulation, and magnitude 
squared (12 + Q2). By combining functions a variety of 
signal processing algorithms can be performed including 
frequency domain filtering, signal analysis and signal 
synthesis. 

A multiple -transform array mode offers multiple 
equal- length transform capability. Any number of 
equal - length transforms may be selected up to a 
maximum of 1024 points. For example, the user may 
execute 16 contiguous 64 - point transforms, reducing 
the computation overhead associated with starting and 
executing single transforms. The window coefficients may 
be identical or unique to each transform. Scaling is 
performed on all points of all transforms equally, based 
on the maximum overflow of the previous data pass or 
by the user specified value. 

At the end of the transform, the user may read the 
19-bit data output and the 6- bit scaling factor ("block 
exponent") generated by the internal shift/rescale 
circuitry. The 4- bit "Total Scaler" value indicates the 
number of shifts performed on the data (block exponent) 
while the remaining 2 bits indicate the overflow 
encountered during the final data pass. Nineteen bits are 
used for intermediate results in order to minimize 
roundoff error during transforms. Provisions have been 
made, however, to allow the use of 16 - bit wide 
memory systems. This can reduce memory component 
count but may increase roundoff error (arithmetic noise). 

The TMC2310 consists of five major sections: two 
arithmetic elements, external memory interface, control 
logic and coefficient ROM. 

7 
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Arithmetic Elements (AEs) 

Each AE consists of an array multiplier, adders/ 
accumulators and data storage. The AEs interface to 
external data and window memory, as well as internal 
coefficient ROM. Communication between AEs allow the 
device to perform complex arithmetic operations. In order 
to minimize arithmetic error, each AE retains maximum 
precision until the output stage where data is rounded to 
19 bits (Real and Imaginary). The bidirectional data buses 
transfer data between the AE and external memory. 
19-bit input values are shifted at the input to the 
multiplier array. This shift is either automatic (FFT auto 
scale modes) or user controlled (manual scale). On the 
first pass, when the upper three bits contain significant 
data, the user must right shift the input data using 
manual scaling, otherwise truncation of the Most 
Significant Bits (MSBs) will occur. 

External Memory Interface 

The TMC2310 provides all the necessary addressing and 
control for external memory. Read and write addresses 
are provided as well as control outputs for write strobes, 
read enables and a source/destination RAM select for 
multiple memory bank systems. The single, 10 - bit 
address output is multiplexed for read and write 
operations. The sequence is determined by the selected 
function as well as other user specified options. 

The sequence may be specified as bit- reversed or 
sequential for FFT/IFFT operations. The selected sequence 
has no effect on execution time, however, it does affect 
the ordering of input data and whether additional 
memory is required (scratch pad). The device supports a 
special "pipelined" addressing mode for all operations. 
Under normal addressing, the address and controls are 
output during the same clock period as the data. In the 
pipelined mode, address and controls are output one 
clock cycle prior to the data, providing added flexibility in 
the host system interface as well as reducing memory 
speed requirements (See Timing and Applications). 

Coefficient ROM 

An internal ROM is included as a coefficient look-up 
table to the AEs. The ROM supplies the sinusoidal 
coefficients ("Roots of Unity") required for forward and 
inverse FFTs. The ROM is accessed under internal control 
and outputs data to the arithmetic elements during FFT 
passes (Sine and Cosine values). The ROM contains 
coefficients to support transforms of up to 1 K (1024) 
data points. 
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Control 

The control section configures the data paths and 
provides internal sequencing. The device operation is 
defined by two internal configuration registers. Once the 
function has been "STARTed", the device performs all 
sequencing and activates the DONE flag upon 
completion. 

Signal Definitions 

Power 

VDD· GND The TMC2310 operates from a single + 5V 
supply. All power and ground lines must be 
connected. 

Cl.oek 

CLK The TMC2310 operates from a single 
system clock. All internal and external 
operations are referenced to the rising 
edge of CLK. 

Data Buses 

RE 18 _ o RE~ Bus is a bidirectional data bus for 
"Real" data. This bus is time multiplexed 
for reads and writes. When the device is 
Idle, this bus is in the high - impedance 
state. REo is the Least Significant Bit (LSB). 
RE15-3 is also used to load the internal 
configuration registers. Data placed on the 
bus is clocked into a configuration register 
during a LOAD command. Registers may 
also be programmed by storing configur -
ation data in address 0 of the Real data 
memory. A LOAD command causes a read 
operation with the address bus set to 
address 0. 

IM 18 '-- o IM- Bus is a bidirectional data bus for 
"Imaginary" data. This bus is time multi­
plexed for reads and writes. When the 
device is idle, this bus is in the high­
impedance state. IMo is the LSB. 

W 16 _ o The W- Bus is used to input the 17 - bit 
window and FIR Filter coefficients. W5 _ o 
is also used as an output to access the 
block exponent and last pass overflow. 

TRW LSI Products Inc. 
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Data Buses (cont.) 

W16-0 
(cont.) 

The scaler exponent (W3_0) indicates the 
number of shifts performed on the data for 
multiple pass transforms while W5_4 indi­
cates the overflow (in bits) that occurred 
during the previous pass. W5_4 indicates 
how many, if any, of the three MSBs 
(RE18-16· IM18-16l of the final results 
contain significant data (1.e. bits which are 
not an extension of the sign). 

Control Inputs 

The registered CoMmanD input is used to 
RESET the device, LOAD configuration reg­
isters, and START an operation. Commands 
are issued by placing a valid command on 
the input for one (or more) clock cycle(s) 
then returning to the CONT command. The 
input should normally remain in the inactive 
(CONT) state. The operation of each com­
mand is as follows: 

CMD1_o Command Operation 

00 RESET If RESET is held for at least 4 clock cycles, 

the DONE flag, WR, RAMSEL are set HIGH. 

The Address bus (ADg_ol, data buses 

01 LOAD 

RE 18_0, IM 18_0 and w16_0 are set to high­

impedance state, and the RD output is LOW. 

A RESET command held for only one cycle 

does not reset the chip, but causes the last 

pass scaler (W5_4) to be added to the 

current scaler exponent (W3_0). RESET held 

for more than one cycle will clear the scaler 

exponent field (W5_0). 

AD9_0 is activated and a read is performed 

with the address set to zero. If LOAD is 

followed by a CONT then the device will be 

put into a RESET state. 

10 START START causes the device to begin an oper­

ation. The START command must be valid 

for at least one clock cycle, but not longer 

than 4 clock cycles. After two start-up 

cycles, the DONE flag is set LOW and the 

data and address buses become active. 

Upon completion of the operation, WR, and 

DONE are HIGH, RD is LOW, ADg_o, RE1s-o 

and IM 18_0 are in high-impedance, and 

TRW LSI Products Inc. 

CM01_0 Command Operation 

11 

SCEN 

CONT 

execution suspended until the next com­

mand. The state of the RAMSEL pin is 

dependent on the mode determined in 

Configuration Register 2. The START 

command clears the current contents of the 

scaler exponent (W3_0). 

CONTinue is the inactive state for the com­

mand input. It has no internal effect. After a 

command has been issued, the CMD input 

should be set to this state. Following a 

START, the CMD input must be set to CONT 

for the operation to complete properly. If the 

previous command was a RESET or LOAD 

then the device remains in RESET. 

The SCaler output ENable is used to read 
the block exponent and last pass overflow. 
When SCEN is HIGH, the six LSBs of the 
W-Bus are enabled and consist of the data 
block (scaler) exponent (W3_0) and the last 
pass overflow (W5_4). When SCEN is LOW, 
the W-Bus is in high-impedance and acts 
as an input. At the end of an operation, 
the scaler exponent will show the total 
number of right-shifts performed on the 
data array (both from manual and auto 
scaling), and the last pass scaler (W5_4) 
will give the overflow occurring during the 
last pass through the data. 

Control Outputs 

ADg_o The 10-bit ADdress output provides mem­
ory addressing for the data and window 
memories. The device supports sequential 
and bit-reversed addressing for FFTs, FIR 
data shift addressing, and multiple trans­
form addressing for both read and write 
operations. Under normal conditions, the 
memory address is output on the same 
clock cycle as the read or write operation. 
Selecting pipelined addressing causes the 
address, RD and RAMSEL to appear one 
clock cycle prior to the read/write data. 

WRite is an active LOW pulse used to 
strobe data into the external data memory. 

9 
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Control Outputs (cont.) 

WR The address and control outputs are guar-
lcont.) anteed to be valid before WR is LOW and 

after WR goes HIGH. 

RAMSEL 

ReaD can be used to control the output 
enables of external memory. It indicates the 
direction of the RE and IM data buses. 
When LOW, the TMC2310 is performing a 
read !input) operation, and a HIGH indicates 
a write !outputs enabled) operation. When 
the DONE output flag is HIGH, RD is set 
LOW. 

The RAM SELect output is used to bank 
select external memory and to identify the 
location of the initial and final results. Its 
operation is determined by setting a 2-bit 
parameter in Configuration Register 2. It 

Package Interconnections 

Signal Signal 
Type Name Function 

Power Voo Supply Voltage 

GND Ground 

Clock CLK System Clock 

Data RE18-0 Data Bus (Real) 

IM18-0 Data Bus (Imaginary) 

W15_0 Window/Coefficient Bus 

Controls CMD1-0 Command Inputs 

SCEN Scaler Exponent Enable 

AD9_0 Address Bus Output 

RAMS EL Source/Target RAM Select 

RD External Memory Enable 

WR Write Strobe Output 

Flags DONE Function Complete Flag 

No Connect NC No Connect Pins 

- Index Pin 
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DONE 

can be used to select between physically 
separate memories or as an additional 
address line in paged memory systems. 
Detailed operation of RAMSEL is given in 
Tables 3, 4, 5 and 6. 

The DONE flag goes LOW after an oper­
ation is "STARTed" and remains LOW until 
it is complete. One cycle after DONE goes 
HIGH, the device is idle and final results 
are available in external memory. DONE= 
HIGH also indicates that the chip's data IRE 
and IM) and address IADg_o) bu~vers 
are in the high-impedance state, WR is 
inactive !HIGH), and RD is LOW. DONE can 
be used as a host interrupt as well as a 
control line to allow host system access to 
data memory and results. 

G5, H7 Package Pins L4 Package Pins 

Hl, H2, NS, F13, A6 12, 13, 26, 38, 44, 51, 

64, 76, 88, 97, 100 

Bl, Gl, G2, N2, M7, M13, 1, 10, 11, 24, 25, 27, 37, 

G12, B12, A10, B7 50, 52, 63, 69, 75, 81, B7 

F2 B 

B2, A 1, A2, B3, A3, B4, A4, 99, 98, 96, 95, 94, 93, 92, 

B5, A5, BS, A7, AB, BB, A9, 91, 90, B9, BS, 85, B4, B3, 

B9, B10, A11, B11, A12 B2, BO, 79, 7B, 77 

M3, N3, M4, N4, M5, N5, M6, 2B, 29, 30, 31, 32, 33, 34, 

NS, N7, MB, N9, M9, N10, M10, 35, 36, 39, 40, 41, 42, 43, 

N11, M11, N12, N13, M12 45, 46, 47, 4B, 49 

A13, B13, C12, C13, 012, 013, E12, 74, 73, 72, 71, 70, 68, 67, 

E13, F12, G13, H13, H12, J13, J12, 66, 65, 62, 61, 60, 59, 57, 

K13, K12, L13 56, 55, 54 

Cl, C2 3, 2 

L12 53 

M2, Nl, Ml, L2, Ll, 23, 22, 21, 20, 1 B, 

K2, Kl, J2 J1, Fl 17, 16, 15, 14, 9 

01 5 

E2 6 

E1 7 

02 4 

- 19, 5B 

C3 
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Device Operation 

Upon power- up of the device, the user should 
immediately issue a RESET command ICMD1-o = 00). 
forcing the device into a "DONE" state. A RESET must 
be performed prior to any attempt to initialize internal 
configuration registers. Following the RESET. the DONE 
flag is HIGH and the address and data IRE, IM and Wl 
buses are set to high- impedance. 

Prior to performing any operation, the user must initiaiize 
and configure the device by programming two internal 
configuration registers ICR1, CR2l. There are two 
methods of initializing the registers. Data may be stored 
in external memory, address location "O" or it may be 
placed directly on the RE-Bus IRE15_3). A LOAD 
command ICMD1-o = 011 causes a read on the 
RE- Bus with ADg _ o = 0. Data read from memory lor 
directly from the busl is stored into the configuration 
register selected by bit 15 of the data word. A minimum 
of two load commands are required to input the two 
words, CR1 and CR2. 

The configuration registers define the function to be 
performed as well as other operating parameters. Once 
programmed, device operation is controlled by the 
two-bit command control ICMD1-ol. Commands are 
used to begin or suspend operations, and to load 
configuration registers. Operations may be repeated 
!under the same conditions) without reloading the 
configuration registers by issuing additional START 
commands. If the RESET command has been applied 
after the configuration registers have been loaded, 
however, it may be necessary to reload Configuration 
Register 2. RESET will clear bits 3, 4 and 5 of CR2 and 
the internal SCaler ENable ISCENl register. 

Once the input data has been stored in external memory 
!beginning at address Ol and the configuration registers 
initialized, device operation begins following a START 
command. After the START command has been initiated, 
the command input must be set to CONT 
ICMD1-0 = 111 within 4 clock cycles for proper 
operation. During execution, the device takes control of 
the local data memory bus, enables the address output 
bus and generates external memory control. The DONE 
flag will be set HIGH to indicate that the TMC2310 has 
completed its operation and final results are available in 
memory. 

All intermediate and final results are stored in external 
memory in 19 - bit, two's complement format. Upon 
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-~·-· .. , .. 
completion of the operation, the SCaler ENable input 
iSCENl can be used to read the last pass overflow and 
the scaler exponent. The last pass overflow IW5 _ 4l 
indicates the word growth that occurred during execution 
of single pass operations or, during the final butterfly 
pass of a transform. The 4- bit scaler exponent IW3 _ ol 
indicates the number of right-shifts performed on the 
data array during a multiple pass transform !common 
data exponent). At the end of an operation, the host 
system must read the scaler exponent prior to a RESET 
command. Failure to do so will result in an incorrect 
scaler exponent value. A RESET command applied for 
one clock cycle will allo~ the last pass overflow to be 
added to the current value of the scaler exponent. 
RESET held for more than one clock cycle will clear the 
scaler exponent field IW5-ol. Immediately after a 
START command, the scaler exponent will be initialized. 

Configuration Register 1 (CR1) 

Configuration Register 1 defines the operation. transform 
length, FFT addressing sequence, and scaling modes. 

Function Codes 

Table 1 indicates the input and output values for each 
function. The RE and IM buses are multiplexed for reads 
and writes while the W- Bus is used for input only. 
W- Busl1 l and W- Busl2l indicate the input for first and 
second cycle read on the W- Bus. respectively. To input 
two words, the read address for both W-' Bus operands 
is available during the first lreadl cycle. It may be 
necessary for the user to register the address or data 
externally for proper synchronization !see Applications 
section). 

In general, single pass operations IMPY, MAC, MAGSOl 
read data from memory and output results to the same 
address, overwriting the original input data. If the input 
data are to be saved, use of the RAMSEL allows results 
be output to a separate result memory or directly to the 
host system. All data should be stored in external 
memory begining at address 0. The TMC2310 begins all 
operations at address 0. 

Table 1 includes operations designated as "2 - Re" 12 
Real). "R/I" !Real/Imaginary). and "Cmplx" !Complex). 
The distinction is as follows: 

2- Re These operations involve only a single data 
word from the W - Bus. The data word 
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Function Codes (continued) 

R/I 

input in the W - Bus is applied to the data 
input on both the RE and IM data buses. 

These operations involve two values input 
from the W- Bus with the first W- Bus 
operand applied to the RE data and the 
second applied to the IM data. No cross 

Table 1. Function Codes vs. Bus Function 

Inputs 

Cmplx 

Code Function RE-Bus IM-Bus W-Bus(1) W-Bus(2) 

0000 IFFT No -Window R I - -

0001 MPV-ACC 2-Re R I w -
0010 MPV-ACC R/I R I W1 W2 
0011 MPV-ACC Cmplx R I WR w, 
0100 MAGSQ R I - -

0101 MPV 2-Re R I w -

0110 MPV R/I R I W1 W2 
0111 MPV Cmplx R I WR w, 
1000 FFT No -Window R I - -
1001 FIR 2-Re Rm Im Wn -

1010 FIR R/I Rm Im W1n W2n 

1011 Fl R Adaptive Rm Cn a -

1100 FFT Re-Window R I w -
1101 IFFT Re -Window R I w -
1110 Cmplx MPV + FFT R I WR W1 
1111 Cmplx MPV + IFFT R I WR W1 

12 

terms are evaluated. 

These operations involve two W- Bus 
operands, interpreted as a complex data 
value. The function involves a complex 
operation including cross terms. 

Outputs 

RE-Bus IM-Bus 
T 

Complex IFFT Results 

E RW E IW 

DRW1 E IW2 

E RWR - IW1 E IWR + E RW1 

[R2 + 12112 [R2 + 12112 

RW IW 

RW1 IW2 

RWR - IWJ !WR+ RW1 
Complex FFT Results 

E RmWn E lmWn 

E RmWln E lmW2n 

E RmCn Cnll -a) 

Complex FFT Results 

Complex IFFT Results 

Complex FFT Results 

Complex IFFT Results 
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Configuration Register 1 (CR1) Format 

RE1s-o 

I 1s I 11 I 1s I 15 , 14 , 13 I 12 I 11 I 10 I 9 J s J 1 J s J 5 J 4 J 3 J 2 J 1 J o I - BIT NUMBER 

T T T T ~ I_, Not Used (Don't Care) L , Manual Scale Factor 
00 Shift 0 Bits 
01 Shift 1 Bit 
10 Shift 2 Bits 
11 Shift 3 Bits 

'-----------Scaling Mode 
0 Auto Scale (Manual On First Pass) 

Manual Scale (All Passes) 

'------------- FFT Addressing Sequence 
00 No Bit- Reverse (In - Place FFT) 
01 Bit- Reverse On First Pass Read 
10 Bit - Reverse On Last Pass Write 
11 Bit- Reverse On First Pass Read 

And Last Pass Write 

'--------------- Single Transform Length 
000 Undefined 
001 16 Points 
010 32 Points 
011 64 Points 
100 128 Points 
101 256 Points 
110 512 Points 
111 1024 Points 

'--------------------, Function Code 

TRW LSI Products Inc. 

0000 IFFT No Window 
0001 Multiply-Accumulate 2 Real Inputs 
0010 Multiply-Accumulate RE/JM Inputs 
0011 Multiply-Accumulate Complex Input 
0100 Magnitude Squared 
0101 Multiply 2 Real Inputs 
0110 Multiply RE/JM Inputs 
0111 Multiply Complex 
1000 FFT No Window 
1001 FIR Filter, 2 Real Inputs 
1010 FIR Filter, Dual RE/JM Inputs 
1011 FIR Adaptive 
1100 FFT Real Window 
1101 IFFT Real Window 
1110 Complex Multiply + FFT 
1111 Complex Multiply + IFFT 

Configuration Register Select Bit 
0 Configuration Register 1 (CR1) 

Not Used (Don't Care) 
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CR1(14:11) 

0000 IFFT No Windowing. A complex Inverse 
Fast Fourier Transform is performed on data 
stored in external memory. No windowing 
is performed !rectangular windowl during 
the IFFT and the W- Bus is unused. The 
memory addressing sequence and the 
transform length are determined by other 
parameters. The N - point inverse FFT is 
defined by: 

N - 1 
h(n) = E H(k)e + j27rnk/N 

k == 0 

0001 Multiply-Accumulate Two Real Inputs. 
Both· the RE and IM data are multiplied by 
the. data word input on the W- Bus. 
R.esults are accumulated an.d written back 
to external memory. The output to memory 
is the sum of all previous multiplications. 
!e.g. Address 20 10 = sum of first 21 
products 10- 201. Address 49 10 = sum of 
first 50 products, etc.I 

0010 Multiply-Accumulate Real/Imaginary. The 
RE data input is multiplied by the first word 
input on the W- Bus. The IM input is 
multiplied by the second word input on the 
W- Bus. The outputto memory is the 
accumulation of all previous multiplications. 

N 
RE0utlN) = E REjn(k)W1(k) 

K = 0 

N 
IMoutlN) = E IMjn(k)W2(k) 

K e, 0 

0011 Multiply-Accumulate Complex. Complex 
multiplication is performed on each IRE. 
IMI and (WR. W1J pair. The output to 
memory is.the accumulation of all previous 
complex multiplications. Input of a complex 
operand on the W- Bus is done on two 
consecutive clock cycles. 

N 
RE0utlN) = E [REjn(k)WR(k) - IMinlk)W1(k)] 

K = 0 

. 14 

0100 

0101 

0110 

0111 

1000 

N 
IMciutlN) = E [IMjn(k)WR(k) + REjn(k)W1(k)] 

K = 0 

(WR '= W1. W1 = W2) 

Magnitude Squared. The RE and IM data 
are squared separately. The squares are 
summed, halved and output to both the RE 
and IM data memories. 

RE0utln) = IM0utln) = [REin2(n) + 1Min21n)]/2 

Multiply 2 - Real. The RE and IM data are 
multiplied by the single data word input on 
the W- Bus during the read cycle. Results 
are output to the corresponding memory 
address. 

RE0u11n) = REinln)W 1 (n) 
IMoutln) = IMinln)W 1 (n) 

Multiply Real/Imaginary. The RE data value 
is multiplied by the data input on the first 
W- Bus cycle. The IM input is multiplied 
by the data input on the second W- Bus 
cycle. The result output to memory is: 

REoutln) = REjn(n)W 1 (n) 
IM0u11n) == IMinlnJWz(n) 

Multiply Complex. A complex multiplication 
is performed on the data input on the RE, 
IM and W- Bus inputs. The complex 
output to memory is: 

(RE + jlM)(WR + iW1) = 
REoutln) = [REjn(n)WR(n)]- [IM(nlin W1(n)] 
IMoutlnl = [IMinlnlWR(n)] + [RE(nlinW1(n)] 

FFT No Windowing. A complex Fast Fourier 
Transform is performed on data stored in 
external memory. No windowing is 
performed !rectangular windowl during the 
FFT and the W- Bus is unused. The 
memory addressing sequence and the 
transform length are determined by other 
parameters. The forward FFT is defined by: 

N-1 
H(k) = E h(n)e-i2unk/N 

n = 0 
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CR1[14:11] (continued) 

I 001 FIR 2- Real. Finite Impulse Response 1011 
filtering is done by performing a RAM 

1010 

based multiplication - accumulation on data 
and coefficients stored in external memory. 
Multiplication with accumulation is 
performed between filter coefficients input 
on the W- Bus and the RE and IM data. 
The RE and IM data are shifted down one 
ioca1ion in memory with lhe firrdi dccurnu -
lated result written into location N - 1. 
Two separate data sets may be convolved 
simultaneously, using the RE and IM data 
and one filter coefficient data set. (See 
Applications section for more detailed 
descriptions of FIR operation.) The output 
is: 

N-1 
RE(ilout=RE(i+llin· RE(N-11 0ut=E RE(n)W1(n) 

n = O 

N-1 
IM(ilout=IM(i+llin· IMIN-110ut=E IM(n)W1(n) 

n = 0 

FIR Real/Imaginary. Finite Impulse Response 
filtering is done by performing a RAM 
based multiplication - accumulation on data 
and coefficients stored in external memory. 11 DO 
Multiplication with accumulation is per-
formed between filter coefficients input on 
the W- Bus, and the RE and IM data. The 
RE and IM data are shifted down one 
location in memory with the final accumu -
lated result written into location N - 1. 
When the next input sample is loaded into 
address N - 1 the operation may be 
re - STARTed to form the next sum. Two 
sets of coefficients are used, both input 
through the W- Bus, one for RE data and 
a second for IM data. (See Applications 1101 
section for more detailed description of FIR 
Operation ) The data outputs are: 

N-1 

RE(ilout= RE(i + llin· RE(N- llout= E RE(n)W1 (n) 
n = 0 

N-1 

IM(ii0ut= IM(i + llin· IM(N- llout= E IM(n)W2(n) 
n = 0 

TRW LSI Products Inc. 

FIR Adaptive. Adaptive FIR filtering allows 
concurrent updates to filter coefficients by 
the value specified on the W- Bus. The 
RE - Bus is used for input data and the 
IM - Bus used for filter coefficients. The 
W- Bus determines the coefficient update 
value (a). The data on the RE- Bus is 
multiplied, accumulated and shifted down 
one address in memory. The final cori -
volution result is output to address N - 1. 
The next input sample is stored in address 
N - 1, and the operation re - STARTed to 
form the next sum. The filter coefficients, 
input on the IM - Bus, are modified and 
stored back to their original address 
locations as follows 

IM(il0 ut = IM(ilinll - a (i)) or, 
New Coefficrent =[Old Coefficient]• [1 - update value] 

Update values are input on the W- Bus for 
each coefficient (during the read cycle). The 
data output is: 

N-1 
RElilout= RE(i + 11in· REIN-1) = E RE(k)IM(k) 

k = 0 

FFT Real Window. An FFT is performed on 
complex data in external memory. During 
the first FFT pass, the RE and IM data are 
multiplied by the window coefficients input 
through the W- Bus. The real data window 
is applied to both the RE and IM data. The 
forward FFT with real windowing is defined 
by: 

N - 1 
H(k) = E h(n)w(n)e-i27rnk/N 

n = 0 

IFFT Real Window. An Inverse FFT is 
performed on the complex data in external 
memory. During the first IFFT pass, the RE 
and IM data are multiplied by the window 
coefficients input through the W- Bus. The 
real data window is applied to both the RE 
and IM data. The inverse FFT with real 
windowing is defined by: 

N - 1 
h(n) = E H(k)w(k)e + j27rnk/N 

k = 0 
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1110 Complex Multiplication + FFT. Prior to 
performing the FFT, a complex multiplication 
is performed between the RE and IM data 
and complex data stored in external 
memory input through the W- Bus. This 
operation requires one additional pass, 
compared to the FFT with Real Window, to 
complete the complex multiplication. 

1111 Complex Multiplication + IFFT. Prior to 
performing the inverse FFT, a complex 
multiplication is performed between the RE 
and IM data and complex data stored in 
external memory and input through the 
W- Bus. This operation requires one 
additional pass, compared to the IFFT with 
Real Window, to perform the complex 
multiplication. 

Single Transform Length CR1[10:8) 

ODO Undefined 
001 16 data points (Recommended for Non - FFT/IFFT 

Operations) 
010 32 data points 
011 64 data points 
100 128 data points 
101 256 data points 
110 512 data points 
111 1024 data points 

This field defines the number of data points for a single 
transform. To reduce computational overhead, multiple 
transforms can be performed concurrently up to the 
1024-point limit. This field sets the number of points 
for a single transform while the number of concurrent 
transforms is determined by Configuration Register 2 
(CR2[14:8]). The total number of data points for any 
operation is obtained by multiplying the single transform 
length by the "number of transforms" in CR2: 

/Transform Length)• /No. of Transforms)= Total number of data points 

For all non - transform operations, use of transform 
length = 16 is recommended. This provides the 
maximum flexibility in selecting the size of the data set, 
allowing any number of points which is a multiple of 16 
(see Table 2). 

FFT Addressing Sequence CR1 [7:6) 

OD No Bit- reverse (In - Place, Sequential Addressing) 
(Use for Non - FFT Operations) 

16 

01 Bit- reverse address during first pass read 
10 Bit- reverse address during last pass write 
11 Bit- reverse address during first pass read and 

last pass write 

Several types of address sequences are available for 
transforms. Data scrambling is required when performing 
the FFT/IFFT. If ihe data is scrambled in memory prior to 
the start of the transform, then it can be done 
"in - place", thereby reducing the external memory 
requirements (see Applications). If data is stored in 
sequence, the TMC2310 must perform scrambling during 
the first pass of the transform (CR1 [7:6] = 01 or 11 ). 
The scrambling amounts to a bit-wise reversing of the 
memory address. When performing the "bit- reversed" 
addressing, the user must provide additional memory for 
intermediate storage to avoid overwriting unused input 
data. The user m~st also store the window function in 
either bit- reversed or sequential order to match the 
ordering to the input data. (See Applications section.) 

Bit- reversing the memory address during the last data 
pass write (CR1 [7:6] = 10 or 11) may be useful if the 
data will undergo additional FFT processing. The final 
results are placed in scrambled order in preparation for 
the next operation. 

Scaling Modes CR1 (5) 

0 Auto Scaling 
1 Manual Scaling (Use for All Non - FFT Operations) 

This field determines the input data shifting. For multiple 
pass transforms using auto scaling, the input data is 
shifted by the number of bits set by the manual scale 
factor (CR1 [4:3]) for the first pass or by the Last Pass 
Overflow scaler (W5 _ 4) determined from the last pass 
of the previous operation (CR2[3]). Subsequent passes 
shift the data based on the overflow of the previous 
pass. During each pass of the FFT, the maximum 
overflow (0- 3 bits) is monitored as results are output to 
external memory. The overflow value is used as a shift 
count for incoming data on the next pass. The number 
of shifts performed during all passes (including the first 
pass) and the overflow from the final data pass are 
available on the W- Bus using the SCaler EN able control 
(SCEN). 

Use of manual scaling disables the overflow detec -
tion circuitry and shifts input data on every pass. The 
shift amount for each pass is determined by the manual 
scale factor set in CR1 [4:3]. 
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Manual Scale Factor CR1[4:3) 

00 Shift by 0 bits 
01 Shift by 1 bit 
1 o Shift by 2 bits 
11 Shift by 3 bits 

This field specifies the number of shifts performed on 
the input data. In auto scaling, it defines the shift 
performed on the first data pass only. For manual 
scaling, the data 1s shltted by this value on each pass. It 

Configuration Register 2 (CR2) Format 

the Input Scaler Select (CR2[3]) is activated to use the 
Last Pass Overflow scaler then the Manual Scale Factor 
will be overridden during the first data pass in either the 
Auto or Manual Scaling modes. Also, the initial or first 
pass shift factor specified for either Auto or Manual 
Scaling will not be included in the Data Block (Scaler) 
exponent, W[3:0]. The user must be cautious when 
performing manual scaling in order to avoid arithmetic 
errors due to incorrect scaling. (See App11cat1ons section.I 

I 1s I 11 I 1& I 1s I 14 I 13 I 12 I 11 I 10 I 9 I s I 1 I & I s I 4 I 3 I 2 I 1 I o I +- BIT NUMBER 

L J 

I L.___· --- Not Used (Don't Care} 

-· ------- Input Scaler Select 
0 User defined input scaler (from CR1} 
1 Last Pass Overflow (previous operation} 

'--------- Memory RD Control Select 
O RD toggles with valid output data 
1 RD option for Cmplx W- Bus operations 

'---------- Source/Target Memory Select (RAMSEL} 
00 Source: Bank A - Target: Bank A 
01 Source: Bank B - Target: Bank B 
10 Source: Bank A - Target: Bank B 
11 Source: Bank B - Target: Bank A 

------------ Addressing Mode 
0 Normal Addressing 
1 Pipelined ·Addressing 

'----------------- Number of Transforms 
Specifies the number of transforms 
for FFT .and IFFTs. Single Transform 
size is set in CR1. For non - FFT modes 
the number of data points is: 

(Transform Size} • (Num. of Transforms} 
(See Table ·2}. 

'--------------------- Configuration Register Select 
1 Configuration Register 2 (CR2} 

'------------------------ Not Used (Don't Care} 
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Configuration Register 2 (CR2) 

Configuration Register 2 is used to define the operation 
of the RAMSEL and RD signals, the addressing modes 
and the total number of data points for each operation. 

Numb11r of Transforms CR2(14:8) . 

0000000 Undefined 
bbbbbbb Number of 16-point transforms 
bbbbbbO Number of 32- point transforms 
bbbbbOO Number of 64- point transforms 
bbbbOOO Number of 128 -point transforms 

bbbOOOO 
bbOOOOO 
1000000 

-~·-· .. , .. 
Number of 256-point transforms 
Number of 512-point transforms 
Single 1024 -point transform 

This parameter is used in conjunction with the single 
transform length- set in CR1. The total number of points 
is determined by multiplying the transform length by the 
number of transforms. The possible combinations of 
transform length and number of transform/data points are 
specified in Table 2. 

Table 2. Possible Combinations of Transform Length and Number of Transforms 

Trans. Length Num. Transforms Number of FFT Number of Taps 
CR1[10:8l CR2[14:8) Transforms or Data Words 

xxx 0000000 Undefined for all transform sizes 

ODO xxxxxxx Undefined for all transform sizes 

001 16-Point 0000001 1 Transform 16 Taps/Words 

0000010 2 Transforms 32 Taps/Words 

0000011 3 Transforms 48 Taps/Words .. • • • • • 
1000000 64 Transforms 1024 Taps/Words 

010 32 - Point 0000010 1 Transform 32 Taps/Words 

0000100 2 Transforms 64 Taps/Words 

0000110 3 Transforms 96 Taps/Words 

• • . 
• • • 

1000000 32 Transforms 1024 Taps/Words 

011 64-Point 0000100 1 Transform 64 Taps/Words 

0001000 2 Transforms 128 Taps/Words 

0001100 3 Transforms 192 Taps/Words 

• • • • • • 
1000000 16 Transforms 1024 Taps/Words 

100 128- Point 0001000 1 Transform 128 Taps/Words 

0010000 2 Transforms 256 Taps/Words 

0011000 3 Transforms 384 Taps/Words 

• • • 
• • . 

1000000 8 Transforms 1024 Taps/Words 

101 256-Point 0010000 1 Transform 256 Taps/Words 

0100000 2 Transforms 512 Taps/Words 

0110000 3 Transforms 768 Taps/Words 

1000000 4 Transforms 1024 Taps/Words 

110 512-Point 0100000 1 Transform 512 Taps/Words 

1000000 2 Transforms 1024 Taps/Words 

111 1024- Point 1000000 1 Transform 1024 Taps/Words 
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Addressing Mode CR2[7] 

0 Normal Addressing 
1 Pipelined Addressing 

This field selects the addressing mode for external 
memory access. In normal addressing, the memory 
address, RD, RAMSEL and the read/write data are output 
on the same clock cycle. In pipelined addressing, the 
address, RD, and RAMSEL outputs appear one clock 
cycle prior to the data. This enables the system to setup 
one cycle in advance by externally registe~ the 
address and controls. In both modes, the WR strobe is 
synchronized with the data and is guaranteed to meet 
data setup and hold times. Pipelined addressing is 
supported for all device operations. (See Applications 
section.) 

Source/Target Memory Select CR2[6:5] 

OD Source: Bank A (RAMSEL = HIGH) 
Target: Bank A (RAMSEL = HIGH) 

01 Source: Bank B (RAMSEL = LOW) 
Target: Bank B (RAMSEL = LOW) 

10 Source: Bank A (RAMSEL = HIGH) 
Target: Bank B (RAMSEL = LOW) 

11 Source: Bank B (RAMSEL = LOW) 
Target: Bank A (RAMSEL = HIGH) 

This field allows the user to select the locations of the 
initial data inputs and the final data results in multiple 
memory bank systems. Use of banked memory systems 
allow 1/0 operations to be overlapped with arithmetic 
processing. RAMSEL allows the device to select between 
the two banks of memory (RAMSEL = HIGH indicating 
Bank A and RAMSEL = LOW indicating memory Bank 
B). It may also be used as an additional address line in 
paged memory systems. 

Transform operations require multiple data passes. The 
state of RAMSEL for each pass is based on the FFT 
addressing sequence (CR1 [7:6]), the pass number and the 
Source/Target Memory select. Passes involving 
bit- reversed addressing require that RAMSEL toggle 
between reading and writing to prevent overwriting 
unused data. The TMC2310 identifies passes involving 
bit- reversed addressing and sets RAMSEL accordingly. 
During a bit-reverse pass, the TMC2310 either reads 
data with RAMSEL = HIGH and outputs with 
RAMSEL = LOW, or, reads with RAMSEL = LOW and 
outputs with RAMSEL = HIGH. Systems utilizing 

TRW LSI Products Inc. 

bit- reversed addressing must use RAMSEL for memory 
control to obtain proper results. 

The operation of RAMSEL for transform operations is 
defined in tables 3, 4, 5 and 6. The state of RAMSEL is 
shown for each pass. The table indicates the logic level 
of RAMSEL for input and output during each pass. All 
sinqle pass (non - FFT) operations (except FIR) allow the 
source and target data locations to be specified with this 
two - bit control parameter. 

For FIR filter operations, RAMSEL has been designed to 
differentiate device outputs between shifted data samples 
and the accumulated convolutional sum output at the 
end of each pass. When CR2[6:5] is set to "00" or 
"10" RAMSEL remains HIGH (Bank A) for all reads and 
writes (data shifting in memory) except during the last 
write. The last write of an FIR pass is the convolutional 
sum, which is output with ~ 
RAMSEL = LOW When CR2[6:5] is set to "01'' or "11'' ~ 
RAMSEL remains LOW (Bank Bl for all reads and writes 
except during the last output cycle when the sum result 
is written to memory with RAMSEL = HIGH. 

Upon power- up RESET, RAMS EL will be in a HIGH 
state. Once CR2 has been loaded into the device, 
RAMSEL will reflect the Source/Target Memory Selection 
specified in CR2[6:5]. After the operation has been 
completed and the DONE flag has returned to a HIGH 
state, RAMSEL will return to the "Source" state 
designated in CR2[6:5] unless a RESET has been applied. 
RESET will clear CR2[5] and force RAMSEL HIGH. 

Application of the RESET command will clear CR2[5] and 
force RAMSEL = HIGH. CR2 must be loaded into the 
device to activate this option. 

Memory RD Control Select CR2[4] 

0 RD toggles to denote valid output results 
1 RD option for Complex W- Bus operations 

During all device operations, RD indicates the direction of 
the RE and IM data buses. When LOW, the TMC2310 is 
performing a read (input) operation, and a HIGH indicates 
a write (outputs enabled) operation. When the device 
performs operations requiring complex inputs to the 
W-Bus, real and imaginary inputs are time multiplexed 
on successive cycles. WR inputs appear with the RE and 
IM data inputs (RD = LOW) while the W1 inputs appear 
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on the following cycle, when the device is outputting 
results (liD = HIGH). Due to the latency in the 
architecture of the device, however, results will not 
appear for at least seven cycles from the corresponding 
inputs. Under normal operations (CR2[4] = Ol the RU 
signal will not be activated until the first. valid result 
appears, .afterwhich RD will. toggle on successive cycles. 
For operations that require complex W- Bus inputs 
CR2[4] can be set HIGH to allow the RU signal to toggle 
upon application of the START command. This will enable 
the WR and W1 inputs to be synchronized with the 
FALLING and RISING edge of the RD signal, respectively. 
For modes that do not involve complex inputs to the 
W- Bus the RD Control Select should be set LOW. 

Application of the RESET command will clear CR2[4]. 
therefore, CR2 must be loaded into the device to activate 
this option. 

Input Scaler Select (First Pass Only) CR2(3) 

0 First Pass Input Scaler defined in CR1 [4:3] 
1 Last Pass Overflow from previous operation used as 

Scaler Input 

Under normal operations the input data scale factor must 
be specified for the first pass of any operation using the 
Manual Scale Factor CR1 [4:3]. For some applications it 
may be necessary to perform additional signal processing 
functions on the existing data set. When activated 
(CR2[3] = 11. this option allows the Last Pass Overflow 
scaler from the previous operation to be used as the 
input scaler for the next operation. This feature 
eliminates the user from extracting the W5:4 field from 
the W - Bus and will be useful to post process the data 
afte.r a particular application. For example, the user may 
want to rescale the 19- bit data to 16 bits following· an 
FFT operation. By activating this feature, the Last Pass 
.Overflow scaler (from the FFTl will be used to rescale 
the data as it is input to· the device for a multipli.cation 
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by 1.0 (0.9999 ... ). Additional operations that will 
benefit from this feature are MAGSQ or a filter multi­
plication following the FFT. 

Application of the RESET command will clear CR2[3] and 
the scaler exponent field (W5 _al. CR2 must be loaded 
into the device to activate this option. 

Tables 3, 4, 5 and 6 show the operation of RAMSEL for 
multiple pass transforms. The state of RAMSEL is shown 
for read and write operations during each data pass. 

For example: 

16-point FFT (Real or No Window) 

Source = Bank A; Target = Bank A (CR2[6:5] = DO) 
Bit-reverse addressing on first pass read (CR1[7:6] = 01) 
Pass 0: Input data with RAMSEL = H (HIGH) 

Output data with RAMSEL = L (LOW) 
(Data moved from Bank A to Bank B) 

Pass 1: Input data with RAMSEL = LOW 
Output data with RAMSEL = HIGH 
(Data moved from Bank B back to Bank A) 

16-point Complex Multiply + FFT 

Source = Bank B; Target = Bank B (CR2[6:5] = 01) 
Bit-reverse addressing on first pass read (CR1[7:6] = 01) 

Pass W: Input data with RAMSEL = L (LOW) 
Output .data with RAMSEL = L (LOW) 
(Data remains in Bank B) 

Pass 0: Input data with RAMSEL = L (LOW) 
Output data with RAMSEL = H (HIGH) 
(Data moved from Bank B to Bank A) 

Pass 1: Input data with RAMSEL = HIGH 
Output data with RAMSEL = LOW 
(Data moved from Bank A back to Bank B) 

The tables are valid for single and multiple transforms, 
however, RAMSEL operation is determined by the single 
transform size only. 

TRW LSI Products Inc. 



TMC2310 1'1~irw 

Table 3a. RAMSEL Operation for Source = Bank A (RAMSEL =HIGH); Target = Bank A (RAMSEL =HIGH) 
Operation: FFT/IFFT Real or No Windowing 

Source/Target Addressing 
CR2[6:5] 

00 

Note: 

Seq. CR1 [7:6] 

00 

01, 10 or 11 

1. H = HIGH 
L =LOW 

Single Pass 0 1 

Transform Size Read/Write 

16 H/H 

32 H/H 
64 H/H 

128 H/H 
256 HIH 

512 H/H 

1024 H/H 

16 H/L 

32 H/L 
64 H/L 

128 H/L 

256 H/L 
512 H/L 

1024 H/L 

Pass 1 Pass 2 Pass 3 Pass 4 
Read/Write Read/Write Read/Write Read/Write 

H/H 

H/H H/H 
H/H H/H 

H/H H/H H/H 
H/H H'" '" H/H 

H/H H/H H/H H/H 
H/H H/H H/H H/H 

UH 

LIL UH 
LIL UH 

LIL LIL UH 

LIL LIL UH 
LIL LIL LIL UH 
LIL LIL LIL UH 

Table 3b. RAMSEL Operation for Source = Bank A (RAMSEL =HIGH); Target = Bank A (RAMSEL =HIGH) 
Operation: Complex Multiply + FFT/IFFT 

Source/ Addressing Single 
Target Sequence Transform Pass W 1·2 Pass 0 Pass 1 Pass 2 Pass 3 Pass 4 
CR2[6:5] CR1[7:6] Size Read/Write Read/Write Read/Write Read/Write Read/Write Read/Write 

00 00 16 H/H H/H H/H 

32 H/H H/H H/H H/H 
64 H/H H/H H/H H/H 

128 H/H H/H H/H H/H H/H 

256 H/H H/H H/H H/H H/H 

512 H/H H/H H/H H/H H/H H/H 

1024 H/H H/H H/H H/H H/H H/H 

01, 10 or 11 16 H/H H/L UH 
32 H/H H/L LIL UH 

64 H/H H/L LIL UH 

128 H/H H/L LIL LIL LIH 

256 H/H H/L LIL LIL LIH 
512 H/H H/L LIL LIL LIL UH 

1024 H/H H/L LIL LIL LIL LIH 

Notes: 1. H = HIGH 
L =LOW 

2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table 4a .. RAMSEL. Operation for Source = Bank B (RAMSEL=LOW); Target = Bank B (RAMSEL=LOW) 

Operation: FFT/IFFT Real or No Windowing 

· .. Source/Target Addressing Single Pass D 1 Pass 1 Pass 2 Pass 3 Pass 4 
CR2[6:5J Seq. CR1[7:6) Transform .Size Read/Write Read/Write Read/Write Read/Write Read/Write 

01 00 16' UL LIL 
32 LIL LIL LIL 
64 LIL L/L'. LIL 

128 LIL LIL LIL LIL 
256 LIL LIL LIL LIL 
512 LIL LIL LIL LIL LIL 

1024 LIL LIL LIL LIL LIL 

01, 10 or 11 16 LIH H/L 
32 LIH H/H H/L 
64 LIH HIH HIL 

128 LIH HIH HIH HIL 
256 LIH HIH HIH HIL 
512 LIH H/H H/H H/H H/L 

1024 LIH H/H H/H H/H H/L 

Note: 1. H = HIGH 
L =LOW 

Table 4b. RAMSEL Operation for Source =. Bank B IRAMSEL =LOW); Target = Bank B (RAMSEL =LOW) 
Operation: Complex Multiply + FFT/IFFT 

Source/ Addressing Single 
Target Sequence Transform Pass. W l,2 Pass 0 Pass 1 Pass 2 Pass 3 Pass 4 
CR2[6:5l CR1[7:6) Size Read/Write Read/Write Read/Write Read/Write Read/Write Read/Write 

tn 00 16 LIL LIL LIL 
32 LIL LIL LIL LIL 
64 LIL LIL LIL LIL 

128 LIL LIL LIL L/L LIL 
256 LIL LIL LIL LIL LIL 
512 LIL LIL LIL LIL LIL LIL 

1024 LIL LIL LIL LIL LIL LIL 

01, 10 or 11 16 LIL LIH H/L 
32 L/L LIH H/H H/L 
64 LIL LIH H/H H/L 

128 LIL LIH H/H H/H H/L 
256 LIL LIH H/H H/H H/L 
512 LIL LIH H/H H/H H/H H/L 

1024 LIL LIH H/H H/H H/H H/L 

Notes: . 1. H = HIGH 
L =LOW 

2. Pass "W" is the complex. multiplication pass for FFT/IFFTs that perform complex multiplication prior to the transform. 
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Table Sa. RAMSEL Operation Source = Bank A; Target = Bank B 
Operation: FFT/IFFT Real or No Windowing 

Source/Target Addressing Single Pass 0 1 Pass 1 
CR2[6:51 Seq. CR1(7:6l Transform Size Read/Write Read/Write 

10 00, 01 16 H/L LIL 
32 H/L L/L 

64 H/L L/L 
128 H/L L/L 
256 HiL i.iL 
512 H/L LIL 

1024 H/L LIL 

10 16 H/H H/L 
32 H/H H/H 
64 H/H H/H 

128 H/H H/H 
256 H/H H/H 
512 H/H H/H 

1024 H/H H/H 

11 16 Not Allowed 

32 H/L L/H 
64 H/L L/H 

128 H/L L/H 
256 H/L L/H 
512 H/L L/H 

1024 H/L LIH 

Note: 1. H = HIGH 
L =LOW 

TRW LSI Products Inc. 

Pass 2 Pass 3 Pass 4 
Read/Write Read/Write Read/Write 

LIL 
LIL 
LIL LIL 
LiL UL 

LIL LIL LIL 
L/L LIL L/L 

H/L 
H/L 
H/H H/L 
H/H H/L 
H/H H/H H/L 
H/H H/H H/L 

H/L 
H/L 
H/H H/L 
H/H H/L 
H/H H/H H/L 
H/H H/H H/L 
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Table Sb. RAMSEL Operation Source = Bank A; Target 
Operation: Complex Multiply + FFT/IFFT 

Source/ Addressing Single 
Target Sequence Transform Pass W 1·2 Pass O 

Bank B 

Pass 1 
CR216:5] CR1(7:6] Size Read/Write Read/Writ11 Read/Write 

10 00 16 H/L LIL LIL 
32 H/L LIL LIL 
64 H/L LIL LIL 

128 H/L LIL LIL 
256 H/L LIL LIL 
512 H/L LIL LIL 

1024 H/L LIL LIL 

01 16 H/H H/L LIL 
32 H/H H/L LIL 
64 H/H H/L LIL 

128 H/H H/L LIL 
256 H/H H/L LIL 
512 H/H H/L LIL 

1024 H/H H/L LIL 

10 16 H/H H/H H/L 
32 H/H H/H H/H 
64 H/H H/H H/H 

128 H/H H/H H/H 
256 H/H H/H H/H 
512 H/H H/H H/H 

1024 H/H H/H H/H 

11 16 Not Allowed 

32 H/H H/L LIH 
64 H/H H/L LIH 

128 H/H H/L LIH 
256 H/H H/L LIH 
512 H/H H/L LIH 

1024 H/H H/L LIH 

Notes: 1 H = HIGH 
l =LOW 

Pass 2 Pass 3 
Read/Write Read/Write 

LIL 
LIL 
LIL LIL 
LIL LIL 
LIL LIL 
LIL LIL 

LIL 
LIL 
LIL LIL 
LIL LIL 
LIL LIL 
LIL LIL 

H/L 
H/L 
H/H H/L 
H/H H/L 
H/H H/H 
H/H H/H 

H/L 
H/L 
H/H H/L 
H/H H/L 
H/H H/H 
H/H H/H 

2. Pass "W" is the complex multiplication pass for FFT/IFFTs that perform complex mult1pl1cation prior to the transform 
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Pass 4 
Read/Write 

LIL 
LIL 

LIL 
LIL 

H/L 
H/L 

H/L 
H/L 
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Table 6a. RAMSEL Operation Source = Bank B; Target = Bank A 
Operation: FFT/IFFT Real or No Windowing 

Source/Target Addressing Single Pass 0 1 Pass 1 
CR2[6:5] Seq. CR1 [7:6] Transform Size Read/Write Read/Write 

11 00, 01 16 UH H/H 

32 UH H/H 

64 UH HIH 

128 UH H/H 

256 !...!H Hf!-! 

512 UH H/H 

1024 UH H/H 

10 16 LIL UH 

32 LIL LIL 

64 LIL LIL 

128 LIL LIL 

256 LIL LIL 

512 LIL Lil 

1024 LIL LIL 

11 16 Not Allowed 

32 UH H/L 

64 UH H/L 

128 UH HIL 

256 UH H/L 

512 UH HIL 

1024 UH H/L 

Note 1 H ~ HIGH 
L ~ LOW 

TRW LSI Products Inc. 

Pass 2 Pass 3 Pass 4 
Read/Write Read/Write Read/Write 

H/H 

HIH 

H/H H/H 

H!H ~-L'~ 

HIH H/H H/H 

H/H HIH HIH 

UH 

UH 

LIL UH 

LIL UH 

LIL LIL UH 

LIL LIL UH 

UH 

UH 

LIL UH 

LIL UH 

LIL LIL UH 

LIL LIL UH 
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Table &b. RAMSEL Operation Source = Bank B; Target = Bank A 
Operation: Complex Multiply + FFT/IFFT 

Source/ Addressing Single 
Target Sequence Transform Pass W 1·2 Pass 0 Pass 1 
CR2[6:5] CR1[7:6) Size Read/Write Read/Write Read/Write 

11 00 16 UH H/H H/H 
32 LIH H/H H/H 
64 LIH H/H H/H 

128 LIH H/H H/H 
256 LIH H/H H/H 
512 UH H/H H/H 

1024 UH H/H H/H 

01 16 UL UH H/H 
32 UL LIH H/H 
64 LIL LIH H/H 

128 UL UH H/H 
256 UL LIH H/H 
512 LIL UH H/H 

1024 LIL LIH H/H 

10 16 LIL LIL LIH 
32 UL LIL LIL 
64 LIL UL LIL 

128 LIL LIL LIL 
256 UL UL LIL 
512 LIL LIL LIL 

1024 LIL UL LIL 

11 16 Not Allowed 
32 LIL LIH H/L 
64 LIL LIH H/L 

128 L/L LIH H/L 
256 LIL LIH H/L 
512 LIL LIH H/L 

1024 LIL LIH H/L 

Notes: 1. H = HIGH 
L = LOW 

Pass 2 Pass J 
Read/Write Read/Write 

H/H 
H/H 
H/H H/H 
H/H H/H 
H/H H/H 
H/H H/H 

H/H 
H/H 
H/H H/H 
H/H H/H 
H/H H/H 
H/H H/H 

LIH 
LIH 
LIL LIH 
LIL LIH 
LIL LIL 
LIL LIL 

LIH 
UH 
LIL LIH 
LIL LIH 
LIL LIL 
LIL LIL 

2. Pass "W" is the complex multiplication pass for FFTllFFTs that perform complex multiplication prior to the transform. 
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Pass 4 
Read/Write 

H/H 
H/H 

H/H 
H/H 

LIH 
LIH 

LIH 
UH 
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Figure 3. Input/Clock Timing Figure 4. Read Cycle Timing 
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Figure 5. Write Cycle Timing 
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Figure 7. RESET Timing 
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Figure 8. Configuration Register Load Timing 
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Figure 9. START Timing (Shown for FFT/IFFT with Windowing) 
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Figure 10. DONE Timing (Shown for FFT/IFFT) 
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Figure 11. TMC2310 Overall Timing Diagram 
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~ 

~ 
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Figure 12. TMC2310 Overall Timing Diagram Pipelined Addressing Relative Clock and CMD{0-1) Timing Diagram 
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Figure 13. Equivalent Input Circuit 

Yoo 

Figure 14. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged! 1 

Supply Voltage ........ ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 0.5 to + 7.0V 

Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to !Voo + 0.5)V 

Output 
Applied voltage 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 to IVoo + 0.5)V 
Forced current 3,4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 3.0 to 6.0mA 
Short-circuit duration !single output in HIGH state to ground) ............................................. 1 sec 

Temperature 
Operating, case . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 60 to + 130°C 

junction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 175°C 
Lead, soldering 110 seconds) .......................................................................... 300°C 
Storage ............. : .................................................................... -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. · 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard Extended 
-1 

Parameter Min Norn Max Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tcv Clock Cycle Time 50 50 66 ns 

1PWH Cioci< Puise Width riiGri 25 z5 ::lU ns 

tpwL Clock Pulse Width LOW 20 20 25 ns 

ts Input Setup Time 7 9 11 ns 

tH Input Hold Time 1 2 2 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
VIHC Input Voltage, Clock HIGH 2.2 2.3 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

looo Supply Current, Quiescent Voo=Max, V1N=OV, DONE=HIGH 5 10 mA 

loou Supply Current, Unloaded Voo=Max, f=20MHz 150 160 mA 

l1L Input Current, Logic LOW Voo=Max, V1N=OV -10 -10 µA 

l1H Input Current, Logic HIGH v00 =Max, v1N = v00 10 10 µA 

Vol Output Voltage, Logic LOW Voo=Min, loL =4mA 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 =Min, loH = - 2mA 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -20 -20 µA 

lozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, V1N=Voo 20 20 µA 

los Short-Circuit Output Current Voo=Max, Output HIGH, one pin -180 -180 mA 

to ground, one second duration max. 

losw Short-Circuit Output Current for WR Voo=Max, Output HIGH, one pin -180 -180 mA 

to ground, one second duration max. 

C1 Input Capacitance TA= 25 °C, f = 1 MHz 10 10 pF 

Co Output Capacitance TA= 25 °C, f = 1 MHz 10 10 pF 

Note: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
-1 

Parameter Test Conditions Min Max Min Max Min Max Units 

to Delay Clock to Output Voo =Min, Load= 25pF 

RE18-0· IM18-o 19 20 25 ns 
ADg.o, RAMSEL 18 18 20 ns 
RD, DONE 15 16 18 ns 

Scaler IW5.o) 32 38 40 ns 

tHO Output Hold Time Voo =Min, Load= 25pF 

RE18-0· IM18-0 4 2 ns 

ADg.o, RAMSEL 4 2 ns 
RD, DONE 2 2 ns 

Scaler IW5.o) 5 5 ns 

ts A Setup Time ADg.o to WR LOW Voo =Min, Load= 25pF 0 0 ns 

tHA Hold Time ADg.o to WR HIGH Voo =Min, Load= 25pF 10 5 ns 

tso Setup Time Data to WR HIGH Voo =Min, Load= 25pF 24 22 ns 
!Data Valid to end of WR) 

tHO Hold Time Data to WR HIGH Voo =Min, Load= 25pF 10 10 ns 
!Data Hold from end of WR) 

tPWR WR Pulse Width LOW Voo =Min, Load= 25pF 15 14 ns 

towL Delay, Clock HIGH to WR LOW Voo =Min, Load= 25pF 11 25 10 28 ns 

towH Delay, Clock LOW to WR HIGH Voo =Min, Load= 25pF 7 18 22 ns 

tENA Three-State Enable Delay Voo =Min, Load= 25pF 20 21 ns 

to1s Three-State Disable Delay Voo =Min, Load= 25pF 14 16 ns 

Note: 1. All transitions are measured at a 1.5V level except for to1s and lENA· 
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Table 7. Performance Benchmarks 

Number Execution 1 Execution Cycles Execution 
Operation of Points Cycles (Multiple Transform Mode) Time (20MHz) 

FFT/IFFT 16 87 64/T ransform + 23 4.35 µS 
(Real Window/No Window) 32 223 192/Transform + 31 11.15 µS 

64 415 384/T ransform + 31 20.75 µS 

128 1063 1024/T ransform + 39 53.15 µS 

256 2087 2048/T ransform + 39 104.35 µS 
512 5157 5120/Transfor~ + 4? 258.35 ;,:.S 

1024 10,287 N/A 514.35µS 

FFT/IFFT 16 132 96/T ransform + 36 6.6µS 
(w/Complex Multiply) 32 300 256/T ransform + 44 15.0 µS 

64 556 512/Transform + 44 27.8 µS 
128 1332 1280/T ransform + 52 66.6 µS 

FIR Filtering - 2 Cycles/Point+ 9 

Multiplication 

Multiply-Accumulate 

Magnitude Squared - 2Cycles/Point+15 

Note 1. Execution times are valid for all FFT addressing and scaling modes. 
Execution time 1s defined as the number of clocks from CMD=START until DONE= HIGH (see belowl. 

The number of clock cycles is obtained in the following manner: 

Clock Cycles= [Num. of Passesl • 12·Total Num. of Pointsl + [Num. of Passesl • 8+7 
= 12• Total Num. of Butterflies! + (Processing Overhead!. 

Figure 15. Execution Cycle Time r- EXECUTION TIME ... , 

J ~ : I I I ~_fl_Jl_J CLK 

CMD 

DONE L/---' 

Execution Time (20MHz) 
(Multiple Transform) 

3.2 µS/Transform + 1.25 µS 

9.6µS/Transform+1.55 µS 

1. 9.2 µS/Transform + 1.55 µS 

51.2 µS/Transform + 1.95 µS 

102.4 µS/Transform + 1.95 µS 

25E.C ;.:S/T~a~sfo~:-:-: + 2.35 ;iS 

NIA 

4.8 µS/Transform + 1.8 µS 

12.8 µS/Transform + 2.2 µS 

25.6 µS/Transform + 2.2 µS 

64.0 µS/Transform + 2.6 µS 

1OOns/Point+450ns 

1 OOns/Point + 750ns 

Note: For multiple transforms. the total time can be obtained by multiplying the value in the table by the number of concurrent transforms. 

Example: 16 transforms of length 64 - points: 

From Table 7.: 384 clocks per transform + 31 cycles overhead. 

Therefore, the total number of cycles is: 

Total = 1384/transforml • 116 transforms) + 31 = 6175 cycles. 
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Applications 

Data Formats 

The input and output data formats are shown in Figure 
16. Data is output on the RE and IM buses using the 
two's complement 19 - bit data format. Input data must 
conform to the specified 16-bit data format detailed in 
Figure 16. During the first pass of any operation data 
input on the RE and IM buses may require scaling in 
order to be processed correctly by the device's arithmetic 
elements. Data input scaling parameters are specified 
according to the manual scale control set in CR1 or the 
input scaler select set in CR2. Only the sixteen Least 
Significant Bits ILSBs) or "shifted" LSBs will be passed 
to the arithmetic elements. If no data shift is performed, 
bits RE 15 and IM 15 must be sign extended into the 
three Most Significant Bits IRE18-16· IM1s-16l to 
conform to the internal two's complement data buses. To 
perform FFTs the device supports an 18 x 17 - bit 
multiply, however, inputs exceeding the 16 - bit formats 
shown above may produce an intermediate overflow 
within the device's arithmetic elements. 

The user is responsible for monitoring and accomodating 
data overflow for single pass instructions and for multiple 
pass transforms which utilize manual scaling. During 

Figure 16. Data Bus Formats 

19-BIT Fractional Output Data Format (RE, IMl 

-~·-· .. , .. 
multiple pass transforms, shifting can also be performed 
automatically (except for the first pass) by selecting the 
auto scale feature. If an operation may cause an 
overflow, sufficient memory width must be provided or 
data shifting performed to prevent loss of significant 
data. However, certain operations never cause overflow. 
For example, multiplication of two inputs which are both 
less than 1.0 will produce a result of less than 1.0. Since 
the MSBs of the output will always be a sign extension 
of the result, they can be ignored. This can simplify the 
memory arrangement by allowing the use of 16 - bit 
memory systems !see Interfacing to Memory). 

The W- Bus data, may be reduced to 16 - bit format to 
simplify memory interfacing. To maintain maximum 
accuracy, this can be accomplished in one of two ways. 
If using only positive window or filter coefficients, the 
MSB IW 15) may be connected to GN D through a 
pull- down resistor !see Interfacing to 16- Bit Memory 
Systems). If both positive and negative coefficients are 
used, the LSB IWo) can be connected to GND through a 
pull-down resistor. 

18 17 16 15 14 13 12 11 10 1 0 

I -23 I 22 I 21 I 20. I 2-1 I 2-2 I 2-3 I 2-41 2-5 I 
16-Bit Fractional Input Data Format IRE, IMl 

14 13 12 11 10 1 0 

I -20. I 2-1 I 2-2 I 2-3 1 2-41 r5 1 

W- Bus 17 - Bit Input Data Format 

W15 W15 W14 W13 W12 W11 W10 
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FIR Filter Operation 

The TMC2310 performs both adaptive and non-adaptive 
coefficient Finite In pulse Response (Fl R) filters by per­
forming a linear convolution between filter coefficients 
and input data. External data memory is used to store 
data samples and coefficients. For an N-tap filter, the 
data (RE, IM) memory retains the N most recent data 
samples and the window/coefficient memory stores the 
N filter coefficients. 

The output of an N-tap, FIR filter is given by the convo­
lution equation: 

N-1 
y(n-N+11 = E h(k)x(n-k) 

k=D 

The convolution is accomplished by multiplying data in 
the RE and IM memories with filter coefficients stored in 
external RAM or ROM and input on the W-Bus. During 
the multiplication/accumulation, the RE and IM data are 
shifted down in memory by one address in preparation 
for the next pass. 

At the start of a pass, the N-most recent data samples 
(x(n)) are stored in memory addresses from 0 through 
N -1 in ascending order (oldest sample in address 0). 

Figure 17. FIR Filter Operation 

The filter coefficients are stored in window/coefficient 
memory in corresponding addresses but in reversed 
order. After the START command, the coefficients and 
data are multiplied and accumulated term-by-term, while 
each value in RE and IM memory is shifted down by 
one memory location (with RAMSEL= HIGH). Upon com­
pletion of the pass, the RE and IM data have been 
shifted by one location, and the final accumulated result 
(y(n)) 1s output to address=N-1 with RAMSEL=LOW. 
In preparation for the next pass, the result at memory 
address N -1 is read by the host system. Execution stops 
at the end of each pass to allow time to read this result 
and to load the next data sample. To produce the next 
convolution output, this new data input is stored in 
location N -1, and a START command is re-issued. This 
operation is repeated for each output point y(n). 

A diagram of the ordering of data samples and filter 
coefficients before and after successive passes is shown ~ 
in Figure 11. An examination of the arrangement of ~ 
coefficients (h(k)) and data samples (x(n)) shows that the 
FIR filter equation is calculated by summing the product 
of filter coefficients and data points in corresponding 
addresses. 

MEMORY 
ADDRESS 

RE,IM 
MEMORY 

W-MEMORY 
x(N) 

RE,IM 
MEMORY 

W-MEMORY 
x(N + 1) 

RE, IM 
MEMORY 

W -MEMORY 

N-1 

N • 2 

x(N • 1) 

x(N • 2) 

x(3) 

x(2) 

x(1) 

x(O) 

y(O) OUTPUT TO 
ADDRESS N • 1 

h(O) 

h(1) 

h(N • 4) 

h(N ·3) 

h(N • 2) 

h(N • 1) 
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~ y(O) h(O) 

x(N-1) h(1) 

. . 

. . 

. . 
x(4) h(N -4) 

x(3) h(N -3) 

x(2) h(N • 2) 

x(1) h(N • 1) 

MEMORY AT END OF PREVIOUS PASS 
OUTPUT OF NEXT PASS= y(1) 

4 y(1) h(O) 

x(N) h(1) 

. . 

. . 
x(5) h(N-4) 

x(4) h(N • 3) 

x(3) h(N ·2) 

x(2) h(N • 1) 

MEMORY AT END OF PREVIOUS PASS 
OUTPUT OF NEXT PASS = y(2) 
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FIR Filter Operation (cont.) 

The filter order (tap length) is set by the "single trans­
form length" and "number of transform" parameters in 
CR1 and CR2 respectively. The allowable filter sizes are 
16 to 1024 taps, in multiples of 16. The throughput rate 
is two clock cycles per tap, per channel. 

Both the 2-Real and Real/Imaginary FIR filtering are 
performed as described above. The "FIR 2-Real" 
(CR1[14:11]=1001) instruction utilizes one set of filter 
coefficients for both the RErn-o and IMrn-o data. The 
FIR Real-Imaginary instruction allows the use of separate 
filter coefficients for RE and IM data. This allows 
simultaneous filtering of two independent Real data sets 
with different filter functions. Coefficients for each set 
are input on alternate clock cycles through the W-Bus 
with the use of the RD option available in 
CR2[4]. 

Adaptive FIR Filtering 

Adaptive FIR filtering performs modification of filter 
coefficients concurrently with the convolution. Adaptive 
filtering operates differently than non-adaptive FIR 
filtering. As indicated before, the output y(n). can be 
obtained by convolving input data with filter coefficients: 

N-1 
y(nl = E h'(klx(n - k) 

k=O 

Figure 18. Adaptive Filtering 

'-~·-· ... , .. 
Adaptive filters produce an error term for each filter 
output: 

[Actual Filter Output]- [Desired Filter Output]= Error 
or, 

y(n) -y(n)' = u (n) 

The error term is used to update the filter coefficients 
for the next data pass. The memory arrangement for 
adaptive filtering uses the RE memory for data storage 
and IM memory for existing and modified filter coeffi­
cients. During the pass, the data (x(n)) are shifted down 
one address in memory while the product of data and 
coefficients is being accumulated (with RAMSEL= HIGH). 
Concurrent with the determination of the convolution 
sum and the data shifting in the RE data memory, the 
filter coefficients are modified by the function: 

h'(n) = [1 -u (n)]h(n) 

Where the h' are the filter coefficients used for the next 
pass. 

The update value a is input on the W-Bus on every read 
cycle and the modified filter coefficients are stored in IM 
memory. The operation is shown in Figure 18. 

MEMORY 
ADDRESS 

RE,IM 
MEMORY 

W·MEMORY 
x(N) 

RE,IM 
MEMORY 

W-MEMORY 
x(N +1) 

RE,IM 
MEMORY 

W-MEMORY 

N·1 

N·2 
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x(N·1) h(O) 

x(N·2) h(1) 

x(3) h(N ·4) 

x(2) h(N • 3) 

x(1) h(N-2) 

x(O) h(N-1) 

y(O) OUTPUT TO 
ADDRESS N-1 

4 y(O) h'(O) 4 y(1) h"(O) 

x(N-1) h'(1) x(N) h"(1) 

. . . . 

. . . . 

. . . . 
x(4) h'(N-4) x(S) h"(N-4) 

x(3) h'(N-3) x(4) h"(N-3) 

x(2) h'(N-2) x(3) h"(N-2) 

x(1) h'(N-1) x(2) h"(N-1) 

MEMORY AT END OF PASS MEMORY AT END OF NEXT PASS 

Note: 1. W-Bus input = a In) 
h'lkl = hlk)[1 - a In)] 
h"lkl = h'lk)[1-a 'In)] 
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Interfacing to Memory 

Using the TMC2310 with Lower Resolution Data 

The TMC2310 allows data inputs of up to 16 bits for all 
operations without the risk of an internal overflow. When 
using data values that are smaller than 16 bits it is 
recommended that they be placed in the upper MSBs of 
the RE and IM data ports. For instance, when using 
12 - bit initial inputs for an FFT operation the real and 
imaginary data should be placed on both RE 18-7 and 
IM18- 7, respectively. Using the upper MSBs of each 
19 - bit data port allows the device to operate in either 
the AUTO or MANUAL scale mode. Configuration 
Register 1, CR1 [4:3]. must be set to perform a right shift 
of 3 bits on the data input during the first pass. Results 
from the first pass have the potential of growing up to 
19 bits, therefore, to maintain maximum precision the 
outputs should be contained in 19 - bit wide memory. 

Initial data inputs can be connected to the 12 LSBs, 
however, since the device uses a two's complement data 
format each input must be sign extended into RE 18 and 
IM 18· the MSBs. For operations that require multiple 
passes (i.e., FFT/IFFT) intermediate results will carry less 
precision. This will result in a reduction in the overall 
accuracy of the transform operation. 

Interfacing to 16- Bit Memory Systems 

The TMC2310 outputs 19 bits of significant data to 

Figure 19. Interfacing to 16- Bit Memories 

RE18-3 IM18-3 

ADg_o 

ii~iri' 

external memory in order to increase arithmetic precision 
and minimize roundoff error. To obtain the best results, 
the memory system should support all 19 data bits. In 
order to reduce the number of memory devices, the 
system can be configured with 16 - bit wide data 
memories. While this confir:iuration may reduce system 
size and cost. there will be a decrease in accuracy due 
to truncation of the output data. In a 16 - bit memory 
system, data should be left- justified (connected to the 
16 MSBs) with the 3 LSBs connected to pull - up (or 
pull - down) resistors. Configuration Register 1 is 
programmed to perform auto or manual data scaling with 
a right shift of 3 bits performed on the data during the 
first pass (CR[4:3] = 11 ). The 16 MSBs of the output are 
stored into memory, truncating the three LSBs. 

In systems utilizing data windowing, the user may ~ 
connect either the LSB or the MSB of the W- Bus to ~ 
ground through a pull-down resistor of 5 kOhms. If 
both positive and negative window values are to be 
used, the MSB is required (two's complement format) 
and the LSB may be grounded. For positive magnitude 
window functions, the MSB will always be zero. and can 
therefore be connected to ground through a 5 kOhm 
resistor. 

TMC2310 

SCEN I+----_._-< ~~~~: 
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Pipelined vs. Non - Pipelined Addressing 

Operation of the TMC2310 at its maximum clock rate 
requires the use of high- speed data memory. By 
including a special addressing mode, slower memory can 
be used by the addition of high - speed external address 
registers. The TMC2310 has been designed to allow the 
user to make system tradeoffs between memory cost and 
device count. 

Normally, a memory address is output and the data 
strobed into or out of memory within a single clock 
cycle. Therefore, the following relationship must be met: 

tcy [toolTMC2310 Addr. Out)+ tAcclmemory) +tslTMC2310 Data In)] 

or equivalently, the memory access time must meet the 
requirement: 

tAcclmemory) ltcy-toiTMC2310l-tslTMC231Dll 

Use of the "Pipelined Addressing" mode alters the above 
relationship. In pipelined mode, the address and controls 
(RD and RAMSEL) appear one cycle earlier. For a read 
operation, the data will be input to the TMC2310 on the 
following cycle. For a write operation, the output data 
and the WR strobe will occur one cycle after the 
address and controls. For proper synchronization, the 
address, RD and RAMSEL outputs must be externally 
registered. The requirement for external memory speed 
becomes: 

Figure 20. Typical System Configuration 

tAcclmemory) ltcy-tolexternal register)-tsiTMC2310)] 

By substitution of the appropriate parameters into the 
above equation, it can be seen that the use of an 
external high-speed register ('AS374, F374, etc.) results 
in a substantial reduction of memory speed (access time) 
requirements. 

Typical System Configuration 

Figure 20 shows a typical system configuration utilizing 
many of the described techniques. The system includes 
"pipelined addressing", evident by the use of external 
registers on the TMC2310 memory address and controls. 
The system also includes a banked (Bank A and Bank B) 
memory system ,which may consists of single port or 
multi - port memory. (External host interface to memories 
is not shown.) 

Finally, the diagram shows a system utilizing two window 
memories (for dual real and complex operations). If only 
one window memory is required (Real Windows) then 
the Imaginary memory, W(2), and associated output 
register and inverter may be deleted. For a single 
window memory, the chip select of W(1) can be 
connected to a LOW and the output enable connected to 
the DONE flag to disable the memory when the device 
is idle. 

~---des BANK A i----cs 
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Bit- Reverse Addressing for Input Data 

The radix- 2, Decimation - In -Time (DIT) FFT/IFFT 
algorithm performed by the TMC2310 requires data 
scrambling during the first butterfly pass (Refs. [2].[3]). 
The scrambling amounts to a bitwise reversal of the 
address index during the first pass of the FFT. A flow 
diagram for a general. radix - 2, 16 - point FFT is shown 
in Figure 21. By a close examination of the figure, it can 
be seen that the first butterfly is performed on data 
points X(O) and X(8i with ri:::suits stored iri X(O) cind Xii/. 
It is apparent that results must be written to a 
secondary memory to prevent the loss of the unused 
data point X(1). 

The TMC2310 allows several addressing options for 
transforms. While these modes have no effect on speed 
or processing time, they do affect system memory 
requirements. If the input data samples are stored in 
memory in sequential order, then the TMC2310 must 
perform the bit- reversed addressing (CR1[7:6]=01) 
during the first butterfly pass. To accomodate the data 
scrambling and prevent overwriting of unused data, the 
user must provide additional "scratch pad" memory for 

Figure 21. 16-Point FFT 
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intermediate storage during this pass. The RAMSEL 
output is used to toggle between the two banks during 
reads and writes of the first pass. RAMSEL must be 
connected either to the "chip enables" of separate 
memories or to an additional address line (for a paged 
memory system). At the completion of the transform, 
data will be in memory in sequential (frequency or time) 
order. 

A transform can be done without the scratch pad 
memory by initially storing the data in scrambled order. 
This is accomplished by a simple reverse ordering of the 
address lines between the host system address generator 
(counters, etc.) and the data memory (Figure 22). The 
transform is then performed "in - place" (no bit- reverse, 
CR1[7:6]=00). Since the input data has been 
"pre-scrambled", the TMC2310 will read and write data 
to memory addresses in a sequence that requires no 
additional memory. Final results will be available in ~ 
sequential, frequency bin order. In either case, if ~ 
windowing is performed, the user must store the 
window function either in sequential or scrambled order 
to match that of the input data. 

OUTPUT MEMORY 
LOCATION 

X!DI 

xm 

X(2) 

X(l) 

X(4) 

X(5! 

~" 

xm 

X(BI 
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11 

X(12) 11 
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X(14) 14 
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Figure 22. Bit-Reversed Input Data for 1024-Point Transform 
10-BIT 
COUNTER 
CIRCUIT 

Og 

nu 

n1 

ns 

n5 

n4 

n3 

n2 

n, 

no 

Ao 
A1 

_... 
A2 ~ 

A3 
_., A.i --.-

,... As 

~ A5 

-"" A1 
_., 

Au --.-
_., 

Ag --.-

OUAL-PORT RAM 

I Ao AOo 

A1 ~ AD1 

A2 ..... AD2 

A3 ..... AD3 

A.i ..... AD4 TMC2310 

A5 - AD5 

A5 ..... AD5 

A1 AD7 

Au ..... A Du 

Ag ...... ADg 

DATA ...., I 
719 RE1u-o 

DATA RE,IM~ 
DATA 3U 

DATA L _..... 
IM10-0 

l 
~,,g ~ 

Alternate Method For Write Strobe Generation 

The high-speed operation of the TMC2310 requires the 
use of fast random addess memory. In some instances. 
the pulse-width and timing of the TMC231 O's WR may 
not meet the system requirements. As an alternative, the 
user can use the RD output used to generate a write 
strobe for memory Since RD is normally LOW and goes 
HIGH only during write cycles, the user can gate RD 
with the system clock to create an active LOW write 
(enable) strobe. Implementing the write strobe in this 

Figure 23. Generating a Write Strobe 
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method may give better system timing and performance. 
The strobe will be the LOW portion of the system clock. 
Figure 23, part (a) shows external generation of a write 
strobe in non-pipelined addressing systems, and part (b) 
for pipelined systems utilizing the external address 
registers. The external register (74ASB21) is clocked by 
a delayed system clock (through the AS32) to guarantee 
a valid memory address until WE goes HIGH. 

CLK >---I> 

ADg_o 
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Scale Factor (W3.ol 

Transform;· Proceedings of the IEEE, Vol. 66, 
No. 1, January, 1978, pp 51-83. 

In the inverse FFT, the final exponent read at this port 
will be the true binary exponent for the emerging real 
and imaginary data. In the forward FFT, this value will 
exceed the true exponent by N, where the total number 
of transform points is 2N. The format for this exponent 
is 4-bit unsigned integer. 

[2] Oppenheim, A.V., Schafer, R.W., "Digital Signal 
Processing," Prentice-Hall, Inc., 1975. 
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Ordering Information 

Product Temperature Range 
Number 

TMC2310G5V EXT-Tc= -55°C to 125°C 

TMC231 OG5V1 EXT-Tc= -55°C to 125°C 

TMC2310H7C STD-TA=0°C to 70°C 

TMC2310L4V EXT-Tc= -55°C to 125°C 

TMC231 OL4V1 EXT-Tc= - 55°C to 125°C 

TMC2310L6V EXT-Tc= -55°C to 125°C 

TMC2310L6V1 EXT-Tc=-55°C to 125°C 

TRW LSI Products Inc. 

[3] Rabiner, L.R., Gold, B., "Theory and Applications 
of Digital Signal Processing;· Prentice-Hall, Inc., 
Copyright-Bell L_aboratories. 

Screening Package Package 
Marking 

MIL-STD-883, 15MHz 88 Pin Ceramic Pin Grid Array 2310G5V 

MIL-STD-883, 20MHz 88 Pin Ceramic Pin Grid Array 2310G5V1 

Commercial, 20MHz 89 Pin Plastic Pin Grid Array 2310H7C 

MIL-STD-883, 15MHz 100 Leaded Ceramic Chip Carrier 2310L4V 

MIL-STD-883, 20MHz 100 Leaded Ceramic Chip Carrier 2310L4V1 

MIL-STD-883, 15MHz 132 Leaded CERQUAD 2310L6V 

MIL-STD-883, 20MHz 132 Leaded CERQUAD 2310L6V1 
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TMC2311 ~~·-· ••••• 
CMOS Fast Cosine Transform Processor 
12 Bits, 15 Million Pixels Per Second 
The TMC2311, a high-speed algorithm specific processor, 
computes the one or two dimensional forward discrete 
cosine tr;:insform lnCT) nf rin R nr RxR rnint rirrriy nf 

contiguous 9-bit data or the inverse OCT of 12-bit data. 
Output precision in all cases is 12 bits. It complies with 
the CCITT Specialists' Group on Visual Telephony (SG XV) 
accuracy specification for inverse OCT. With its internal 
coefficient ROM, data transpose RAM, address generators, 
and sequencer, the TMC2311 accepts high level 
instructions from a host processor and raw 8x8 blocked 
data from an external memory and returns transformed 
data to a second external memory. The TMC2311 also 
includes a defeatable adder-subtractor for linear predictive 
coding and differential pulse code modulation. The 
pipelined TMC2311 can transform continuous 8x8 pixel 
data blocks at a rate of one per 4.48µs. 

Operating under a system clock of up to 30MHz, the 
TMC2311 accepts each incoming data block in row-major 
("line-by-line") format at two clock cycles per pixel. Output 
data are written in column-major format, i.e., down the 
left-most column of the block, then down the next column 
to the right etc., also at two clock cycles per pixel. In the 
inverse OCT mode. the chip accepts column-major data and 
return row-major data. Thus, a pair of TMC2311 chips can 
transform an image and return it to its original spatial 
domain, with or without any intervening operation, such 
as compression, transmission and re-expansion. 

Built with TRWs one-micron double level metal 
OMICRON-C™ low-power CMOS process, the TMC2311 
is available in a 68-lead plastic chip carrier. 

TRW LSI Products Inc. 
P 0. Box 2472 
La Jolla, CA 92038 

Features 

• Stand Alone Execution Of 8-Point Forward Or Inverse 
Cosine T rantorm 

• Continuous 8x8-Point 2-D DCTs Every 4.48µs Including 
Memory Transpose And Data Loading/Unloading 

• On-Chip Cosine Coefficient ROM 
• On-Chip Data Transpose Memory With Direct 

Transpose Mode 
• Auxiliary Adder With Optional Clipped Outputs For 

Linear Predictive Coding And Differential Pulse 
Code Modulation 

• Two's Complement 12-Bit Data 1/0 Format 
• Two's Complement 9-Bit Add/Subtract Input 
• Full CCITT SGXV Compatibility 
• All Inputs And Outputs TTL Compatible 
• 68 Pin Plastic Chip Carrier 

Logic Symbol 

DIN 11 _0 
DATA 

INPUTS 
DXe.o 

I 
ISEL 

OSEL 

CTRL7.o 
TMC2311 

CONTROL iiii 
IN/OUT 

WR 

INIT 

NOOP 

CLK 

12 

...--.........--,,.- DOUTn.o 

OUTPUTS 
AND 

ENABLES 
I---+ BOT 

t----EOB 

.---< i'E 

1 24026A 

Phone 1619) 457-1000 
FAX 1619)455-6314 
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TMC2311 

Applications 

• Image Processing, Graphics 
• Pulse And Image Compression 
• Video Teleconferencing 
• Linear Predictive Coding 
• Differential Pulse Code Modulation 
• Electronic Publishing 
• Medical Imaging And Archiving 

Figure 1. Functional Block Diagram 

CONTROL 

Functional Description 

The TMC2311 comprises five internal blocks: a controller. 
two arithmetic elements, a data transpose memory and 
an auxiliary adder circuit (Figure 1). Each arithmetic 
element (AE) can compute an 8-point 1-dimensional OCT 
in 16 clock cycles. When the device is configured to 
perform 2-dimensional transforms, the first AE computes 
the OCT of each consecutive row of 8 pixels. The results 
of each 8x1 OCT are written into the intermediate memory. 
After eight 1-dimensional transforms are computed, the 
device computes the OCT of each consecutive 8-pixel 
column. while (if so instructed) computing the DCTs of 
the rows of the next block of data. The auxiliary adder/ 
subtractor can be used with a forward and inverse 
transform in linear predictive coding applications. The 
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Associated Products 

• TMC2312 - Quantizer/Huffman Encoder 
• TMC2313 - Huffman Decoder/Dequantizer 
• TMC2220 - 4x32 Correlator 
• TMC2250 - 2-D 3x3 FIR Filter 
• TMC2272 - Colorspace Converter 

adder can also be used alone to perform differential pulse 
code modulation without the cosine transform. In all modes 
and configurations the device operates on continuous data 
at a rate of up to 15 Megapels/second and can perform a 
complete 8x8 OCT every 128 clock cycles. 

Control 

The control block includes the chip's preprogrammed 
controller. sequencer. and microcode generator. The host 
system needs only to load a single 8-bit control word on 
C7-0 and then strobe the INIT pin. The chip will proceed 
automatically through the chosen operation without further 
superv1s1on. 

TRW LSI Products Inc. 



TMC2311 

Arithmetic Element #1 

Comprising a multiplier and two adder/subtractors, 
bypassable processor AE1 performs a series of one­
dimensional 8-point forward or inverse OCTs on the 
incoming data, writing its 8-point transform results into 
the transpose memory. 

Data Transpose Memory 

This tlf'JQ-nQrt 64-\Atnrrl Rl'>~A rnllprt< P::1rh nrn11n nf Pinht 

consecuti~e 8-poi~t-tr~nsf~r~~d-d~ta-~~ts fr~~ AE1- ;nd 
then passes them to AE2 while collecting the next group, 
thereby acting as a large pipeline buffer. When enabled, 
the OTM accepts each 64-point data block in row-major 
sequence and returns the same data in column-major 
order, effecting a "corner turn." Bypassing this block 
leaves the data sequence unchanged 

Arithmetic Element #2 

Identical to AE1, bypassable data processor AE2 performs 
eight 8- point one-dimensional transforms on each 64-point 
block of data. Each transform pulls one data point from 
each of the eight transforms done by AE1, completing the 
8x8 two-dimensional transform. For one-dimensional 
transforms, either AE can be bypassed. 

Auxiliary Adder 

The remaining circuitry in Figure 1 can be employed as 
either a presubtractor or a post-adder. (See Applications 
Discussions of Linear Predictive Coding, Differential 
Pulse Code Modulation, and lnterframe Coding.) As 
instructed by CTRL3 (INVERT), CTRL7 (XSEL), ISEL, and 
OSEL, this adder combines the 9-bit two's complement 
data entering on port OX8-0 with either the incoming or 
emerging data stream. 

Operating Modes 

The TMC_2311 's five operating modes are selected by 
control pins CTRL2-o. The device can be configured in the 
following ways: 

The device will perform a two-dimensional transform if 
CTRL2-0 =DOD or 001. AE1 performs a one-dimensional 
OCT (IOCT if CTRL3 = 1) on each of eight 8-pixel rows of 
data supplied row-by-row to OIN11-o. Results from each 
block of eight transforms are fed via the Trans pose 
Memory to AE2, which performs a one-dimensional OCT 
(IOCT) on each of the eight 8-pixel columns of data, in turn 
(Figure 2). 

TRW LSI Products Inc. 

Figure 2. 2-D Transform (With Transpose) 

MEMORY DOUT11-0 

TMC2311 
24032A 

The device can also perform one-dimensional OCTs (IOCTs) 
with or without memory transpose. 

When CTRL2-o = 010, the chip will transform eight 8-point 
rows of incoming data, then transpose the results without 
transforming the columns (Figure 3). 

Figure 3. 1-D Transform With 8x8 Transpose 

TMC2311 
24033A 

When CTRL2-o = 011, the device accepts eight 8-point 
rows of data and transposes them before AE2 performs 
one-dimensional OCTs (IOCTs) of the columns (Figure 4). 

Figure 4. 8x8 Transpose With 1-D Transform 

MEMORY DOUT11-0 

TMC2311 
24034A 

The device can also perform one-dimensional transforms 
without transposes. When CTRL2-o = 1 OD or 101, AE1 
performs a one-dimensional OCT or IOCT on each incoming 
8-point row of data (Figure 5). 
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Figure 5. 1-0 Transform (Without Transpose) 

DIN11-o 

TMC2311 
24035A 

Finally, the device will perform the memory transpose with 
no OCT when CTRL2-o = 110 or 111 (Figure 6). 

Table 1. Operating Mode Configurations 

Application Function 

20 OCT 20 FCT 
20 IDCT 2DIFCT 
lnterframe Compress 20 FCT, Presubtract 
lnterframe Decompress 20 IFCT, Post Add 
LPC 20 FCT, Presubtract 
ILPC 20 IFCT, Post Add 
LPC Directly Out DOUT =DIN-DX 
ILPC Directly Out DOUT=DIN+DX 
DPCM Directly Out OOUT(k)=DIN(k)-DIN(k-1) 

IDPCM Directly Out DOUT(k)=DIN(k)+OIN(k-1) 

DPCM w/ Transpose DOUT(k)=DIN(k)-DIN(k-1) 

IDPCM w/ Transpose DOUT(k)=DIN(k)+OIN(k-1) 

Notes: LPC/ILPC Linear Predictive Coding IForward/lnversel 

-~·-· 11-.:.,., 

Figure 6. Memory Transpose (Without Transform) 

TMC2311 
24036A 

Table 1 summarizes the operation of controls CTRL7, 
CTRL3, ISEL and OSEL which "fine tune" the mode 
selection by programming the presubtractor/postadder and 
the transform direction. (Where a full two- dimensional FCT 
or IFCT is needed, CTRL2-o must be set to 011. CTRL7= 1 
then enables presubtraction and OSEL= 1 enables 
postaddition, as desired by the user.) 

Device Configuration 

CTRL7 CTRl.3 ISEL OSEL 

0 0 x 0 
0 1 x 0 
1 0 0 0 
0 1 0 1 
1 0 0 0 
0 1 0 1 

1 0 0 1 
1 1 0 1 
1 0 1 1 
1 1 1 1 

1 0 1 0 
1 1 1 0 

DPCM/IDPCM Differential Pulse Code Modulation IForward/lnversel 

50 TRW LSI Products Inc. 



TMC2311 ·~-
Signal Definitions CTRL4 Automatic Reinitialization (AUTO I NIT). Al=D 

Control allows continuous operation of device. When 
Al=1, the device will halt at the end of the 

INIT Single pass "start" command. INIT=O resets specified transform. 
the internal logic and output flags and 
updates the CTRL7-0 parameters. INIT is CTRL5 Arithmetic Limit (CLIP). CLIP=1 saturates data 
registered and must be LOW for at least 3 outputs to 9 bits. CLIP is useful when 
clock cycles. INIT returning HIGH starts the presubtraction or postaddition is used with 
transform. The first data point is loaded two the OCT or IDCT. 
cycies iater. 

CTRL5 Flag Control (FC). FC determines when the 
NOOP Input clock disable. NOOP=1 freezes output flags, BOT and EOB, appear. When 

operation of the device on the next CLK rising FC=D, both flags are output with the 
edge. Operation commences from where it corresponding data result. When FC=1, the 
stopped one cycle after NOOP returns LOW. flags appear two clock cycles earlier. 

WR Control word preload command. WR=D loads CTRL7 Auxiliary Adder Select (XSEL). XSEL controls 
CTRL7-0 parameters into the device's preload two multiplexers within the auxiliary adder 
register. The next INIT rising edge transfers circuitry. The first mux feeds the non-inverted 
the preloaded parameters into the chip's input to the adder either the DIN port 

Oii working registers. (XSEL=1) or outputs from the core of the 
device (XSEL=D). The second mux selects the 

RD Control word (READ) command. RD=D allows data entering the core of the device from 
the preloaded parameters CTRL7-0 to be either the input port (XSEL=D) or adder output 
read. (XSEL= 1 ). See Applications, Operating 

Mode Configurations. 
CTRL2-0 MODE Control. Defines the internal 

configuration (mode) of the device, selecting ISEL Input Data Select. ISEL=D connects the 
either 2-dimensional or 1-dimensional inverted (optional) input of the auxiliary adder 
transforms and/or the access to the internal to the DX port When ISEL=1, the DIN port is 
Transpose Memory (Figures 2through 6.) connected, via a one data cycle delay. Output 

from this mux to the adder is inverted when 
CTRL2-0 Operation INV=D. See Applications, Operating Mode 
ODO 2-0 Transform Configurations. 
001 2-0 Transform 

010 1-0 Transform, Transpose OSEL Output Data Select When OSEL=O, data 
011 Transpose, 1-0 Transform results from the device core pass to the final 
100 1-0 Transform output register. When OSEL= 1, results from 
101 1-0 Transform the adder pass to the final output register. 
110 Transpose See Applications, Operating Mode 
111 Transpose Configurations. 

CTRL3 Inverse Transform Enable (INV). INV=D OE Asynchronous active LOW OUTPUT ENABLE 
selects a forward OCT. If INV=1, the device for data output port, DOUT 11-0- When OE= 1, 
will compute the Inverse OCT. INV also every output is forced into a high-impedance 
inverts the data to one side of the auxiliary state. 
adder. When and only when INV=D, data 
from the multiplexer which selects the DX FE Active LOW asynchronous output FLAG 
port or delayed DIN port will be inverted. ENABLE. When FE= 1, BOT and EOB are forced 

into a high-impedance state. 
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TMC2311 

Data Inputs 

DIN11-0 

DX8-o 

Data IN put Port (12-bit two's complement 
format). DIN is the input port for both 
FORWARD and INVERSE transforms. DIN11 is 
the MSB. For two dimensional forward 
transforms, data precision is limited to 9 bits, 
DIN8-Q, and must be sign-extended into the 
remaining MSBs. Data exceeding the lower 9-
bit range may cause an internal overflow. For 
INVERSE transforms, the entire 12-bit input 
port may used without risk of overflow. 

Auxiliary Data Input Port (9-bit two's 
complement format). Feeds one side of 
auxiliary adder. DX8 is the MSB. Auxiliary 
inputs can be provided to the device for linear 
predictive coding (LPC) where pixel 
differences are transformed. In the FORWARD 
direction, inputs supplied to the DX port (and 
selected via ISEL) will be subtracted from 
pixel values input simultaneously on the DIN 
port. In the INVERSE direction, DX inputs will 
be added to outputs following the desired 
tranform operation. The DX inputs must be 
delayed so that they appear at the adder 
simultaneously with the corresponding pixel 
outputs. 

Data Outputs 

DOUT11-0 Data OUT put Port (12-bit, two's complement 
format). DOUT is the output port for both 
FORWARD and INVERSE transforms. DOUT 11 
is the MSB. When CLIP=1, all data outputs 
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are clipped to 9 bits, DOUTs-o. with sign 
extension into the remaining MSBs. DOUT is 
forced into a high-impedance state when 
0E=1. 

Output Flags 

BOT Beginning Of Transform. Toggles LOW to 
denote the first result of each one­
dimensional 8-point transform or the first 
result of each 8-point row or column of a two­
dimensional transform. When FC=O, BOT will 
appear simultaneously with the corresponding 
result. When FC=1, BOT will appear one data 
1/0 cycle earlier. 

EOB End Of Block. Toggles LOW to signal the last 
result of the entire (8 or 64 point) transform 
field. When FC=O, EOB appears 
simultaneously with the last data result. 
When FC= 1, EOB appears two cycles earlier. 

Clock 

CLK Data Path Clock. The device operates with a 
clock of 0 to 30MHz. All internal operations 
are referenced to the rising edges of CLK; 1/0 
operations except CTRL7-0 read and write, to 
alternate rising edges of CLK. 

Power 

VDD. GND The TMC2311 operates from a single +5 Volt 
supply. All VoD and GND pins must be 
connected. 

TRW LSI Products Inc. 
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Table 2. Data Formats and Bit Weighting 

11 10 4 3 2 

Input Data Format- Forward Transforms 

DIN s s s 

Input Data Format- Inverse Transforms 

L -211 l 210 l 29 28 27 26 25 24 23 22 

DX: -28 27 26 25 24 23 22 

L -211 l 210 l 29 28 27 26 25 24 23 22 

Output Data Format- Forward Transforms 

DDUT: I -211 210 29 28 27 I 26 I 25 I 24 23 22 

Output Data Format- Inverse Transforms 

s s s -28 27 26 25 24 23 22 

Notes: S =Sign Extension. 

In forward transforms, system should feed two's complement sign bit to DIN11-B for 9-bit data size. 

In inverse transforms, chip will output two's complement sign bit into pins DOUT11-s. 

Operation and Timing 

Initialization 

Control Word Preload Timing 

Figure 7. Control Preload Timing 

wRl.__ _ __.I 
I 

~1HL~ 

0 

21 20 

21 20 

21 20 

21 20 

21 20 I 

The self-sequencing TMC2311 requires no cycle-to-cy~ 
supervision by the host system. On the rising edge of WR, 
the user loads an 8-bit control word (CTRL7-0) which sets 5 
device parameters: mode and direction of the transform, 
continuous (or non-continuous) device operation, format of 
output data and timing of the output flags. The control 
parameters preloaded via CTRL7-0 are registered internally 
and updated by the INIT signal. Control load timing is 
displayed in Figure l 

CTRL7_0 KXXXX c (N) XXXXXXXXXXX) 
I 

~ 
PRELOAD x 
REGISTER ___ c_1N_-1_1 __ __. ...... ____ c(_N_I ---

INIT 

~ I 
WORKING C(N-1) -g C(N) 
REGISTER 

24028A 
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Control Word Read Timing 

The TMC2311 also permits the user to read the preloaded 
control wor~lue back through CTRL7-o. a bidirectional 
port. When RD=O, the CTRL7-0 port outputs the control 
information stored in the device (Figure 8). 

Data Input Timing 

After the TMC2311 is initialized. data are input to DIN11-o 
and DXs-o on alternate rising edges of the device system 
clock. When the device is set for forward DCTs with 
transpose, data inputs are accepted in row-major format, 
i.e .. line-by-line through the 8x8 transform window. When 
the device performs inverse DCTs, inputs are accepted in 
column-major format. Following the rising edge of INIT 
command, data inputs can be continuously loaded into the 
device on alternate rising edges of the system clock 
(Figure 9). 

Figure 9. Data Input Timing 

CLK 
I 

~ 's l--
~;o,3 RISING '--- 1 
I EDGES OF c -11 - H 

INIT 1 ts+3tcy+tH I 

DIN11-0 (XXXXXXXXXX~0.~X 
I I 

DXe.o (XXXXXXXXXX~o.oXX 
24030A 
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Figure 8. Control Read Timing 

Rill ._I __ _. 

tooH ~'Hof.-
CTRL7.o KXXXX XXXXXXXXXX) 

24029A 

Data Output Timing 

Results are output at half the system clock rate. The initial 
result latency and the number of results depends on the 
device operation specified by CTRL2-o. Once the first result 
reaches the output port, remaining results will appear 
continuously. When the TMC2311 is set to perform forward 
DCTs with transpose, output data are written in column­
major format. In the inverse direction, data results are 
returned row-by-row (Figure 10). 

Figure 10. Data Output Timing 

CLK 

I 

I 
OE I 

I l I I 

I -1 ~ 100 1-1 r'ms 
--J 1EN 1-- I I 1Ho--J H-

DOUT 11-0 (XXXX xx xx xx 
24031A 
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Overall Timing 

The TMC2311 will expect data in groups of 8 or 64 points 
at regular intervals based on the mode of operation d~fined 
by CTRL2-o. Results will be returned ~Y th~ !~C2311 in 
similar groups following a predetermined 1nit1al latency. 
For applications that use the a.uxiliary adder a~ead of the 
core of the device, corresponding DX and DIN inputs should 
be presented simultaneously to the device. Applications 
that use the adder after the DCT /memory core must 
account for the device's internal latency (Table 3). Each 
DXport input must be timed to appear at the adder one 
data cycle ahead of its corresponding output. 

Table 3. Data Output Latency 

CTRL2-0 Operation Latency* 
000 2-D Transform 232 clocks 

001 2-D Transform 232 

010 1-D Transform, Transpose 200 

011 Transpose, 1-D Transform 200 

100 1-D Transform 56 

101 1-D Transform 56 

110 Transpose 168 

111 Transpose 168 
*cycles after INIT goes high 

TRW LSI Products Inc. 

If AUTOINIT (CTRL4)=0, the device will operate 
continuously with no interruption between tr~~sforms. 
Otherwise the device will halt after the spec1f1ed number 
of data points have been processed. When AUTO!NIT = 1, 
device operation will resume with the next INIT signal. 

The TMC2311 also provides two output flags to 
differentiate between the rows/columns of the transform 
window and between individual transform blocks. The 
Beginning Of Transform (BOT) flag goes LOW with the first 
data result of each Bxl transform row or column. A second 
flag, End Of Block, EOB, delineates transform blocks. EOB 
will go LOW when the last data ~oint ~f each 8x1 (one 
dimensional mode) or 8x8 (two d1mens1onal mode) 
transform is output. The user can program these flags to 
appear with their respective data (FC=O) or o.ne. data cycle 
earlier (FC= 1 ). Figure 11 shows the overall timing of a 
forward 2-D OCT with pre-subtraction and FC=O. Figure 12 
shows the overall timing of an inverse 2-D OCT with post 
addition and FC= 1, demonstrating the timing for inputs to ~ 
auxiliary port DXs-o and the shift in flag timing. ~ 
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Figure 11. Overall Timing - Forward Transform (Flag Control=O) 

CLOCK 

INIT -i._ __ ..-.......1 
. (0, 0) (0; 1) (X, X) · (X, X 

DIN11-o (XXXXXXX XXX ~ ~ XXX . XXX 
(0,0) (0, 1) .(X,X) (X,X 

oxa-o "7"""1(X......,..XX..,.....,X......,..XX..,.....,X,.......X,...,.....X,....,.X-Tf~ ~ XXX XXX 

oouTa-o (XXXXXXXX 
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S~xxxx 
(O, 0) 

) 

I 

Notes: 1. DIN11-o Ii.ii aligned with DXB-0 Ii.ii. but alignment with DOUT11-o is mode-dependent.. 

2. DOUT11-o ID.OJ is valid on CLK rising edge 116 in two-dimensional transfer modes only. 

Figure 12. Overall Timing - Inverse Transform (Flag Control=1) 

CLOCK 

INITI ... ___ _ 

IO, O) (1, 0) (X, XI (X. XI (X, XI (X, XI 
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~O, OJ (0, 1) (0, 2) (0, 3) 

oxa-o (XXXXXXXXXXXX~ ~XX XXX XXX XXX : 

OE I 
00

uTa-o ___ ..,_)_-x_x_x_x_i ........ ~.---x-x-xx_x_x_x_x_x_10-.01 _x_10•1-, 

BOT 

EOB 

Notes: 1. DXB-0 Ii.ii precedes DOUT11-0 Ii.ii by two CLK cycles. but alignment with DIN11-o is mode-dependent. 

2. DOUT11-0 ID.DJ is valid on CLK rising edge 116 in two-dimensional transform modes only. 
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TMC2311 -~·-· ....... 
Absolute maximum ratings (beyond which the device may be damaged)1 

Supply Voltage .............................................................................................................................................................................................. -0.5 to +7.0V 

Input Voltage2 ................................................................................................................................................................................. -0.5 to (Voo + 0.5)V 

Output 
Applied Voltage2 ....................................................................................................................................................... -0.5 to (Voo + 0.5V) 

Forced Current,3.4 ............................................................................................................................................................. -3.0 to +6.0mA 

Short Circuit Duration 

(single output in HIGH state to ground) ............................................... . . ......................................... 1 second 

Temperature 
Operating, Case .................................................................................................................................................................... -60to+130°C 

Junction ....................................................................................................................................................................................... +175°C 

Lead, Soldering (10 seconds) ......................................................................................................................................................... +300°C 

Storage .................................................................................................................................................................................. -65to +150°C 

Notes· 1. Absolute maximum ratings are limiting values applied individually while all other parameter are within specified operating conditions. Functional operation 
under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard 

Parameter Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 v 
tcy Cycle Time 

TMC2311 37 ns 

TMC2311-1 34.5 ns 

TMC2311-2 28 ns 

tPWL Clock Pulse Width, LOW 8 ns 

tPWH Clock Pulse Width, HIGH 8 ns 

ts Input Setup Time 11 ns 

tH Input Hold Time 0 ns 

V1L Input Voltage, Logic LOW 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 v 

IOL Output Current, Logic LOW 4.0 mA 

IOH Output Current, Logic HIGH -2.0 mA 

TA AmbientTemperature, Still Air 0 70 oc 

Tc Case Temperature oc 
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Electrical characteristics within specified operating conditionsl 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

IDDQ Supply Current, Quiescent2 Voo=Max, V1N=OV, TS=5V 30 mA 

ioou Supply Current, Unloaded Voo=Max, f=30MHz. TS=5V 130 mA 

llL Input Current, Logic LOW Voo=Max, V1N=OV -10 µA 

llH Input Current, Logic HIGH Voo=Max, V1N=Voo +10 µA 

VOL Output Voltage, Logic LOW Voo=Min, loL=Max 0.4 v 
VQH Output Voltage, Logic HIGH Voo=Min, IQH=Max 2.4 v 

IQZL Hi-Z Output Leakage Current, Voo=Max, V1N=OV Output LOW -40 mA 

IQZH Hi-Z Output Leakage Current, Voo=Max, V1N=OV +40 mA 
Output HIGH 

ios Short Circuit Output Current Voo=Max, Output -45 mA 
HIGH one pin to 
ground one second 
duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 pF 

co Output Capacitance TA=25°C, f=lMHz 10 pF 

Note: 1. Actual test conditions may vary from those shown above, but guarantee operation as specified. 
2. Following power-on, the TMC2311 must be clocked for at least 10 clock cycles before the clock is disabled. 

Switching characteristics within specified operating conditionsl 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

too Output Delay Voo=Min, CLoad=40pF 16 ns 
TMC2311 16 
TMC2311-1 16 
TMC2311-2 12 

tHQ Output Hold Time Voo=Max, CLoad=4DpF 4 ns 

tENA Three-State Output Enable Delay Voo=Min, CLoad=40pF 16 ns 
TMC2311 16 
TMC2311-1 16 
TMC2311-2 12 

to1s Three-State Output Disable Delay Voo=Min, CLoad=4DpF 22 ns 

Note: 1. All transitions except for trns and !ENA are measured at a 1.5V level. 
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Figure 13. Equivalent Input Circuit 
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Applications Discussions 

Frequency Domain Coding - Basic System 

Frequency domain coding entails partitioning an image into 
(for example) 8x8 pixel blocks, then determining the two­
dimensional spatial frequency spectrum of each block. In 
image compression, each component is then quantized by a 
frequency-specific factor. which tends to be smaller (more 
precise) for the dominant lower- frequency components 
and larger (coarser) for the less crucial higher-frequency 
components. Quantization effects compression by reducing 
the number of bits per frequency bin and by zeroing out 
high-frequency, low-energy bins. Following the quantizer, 
the scaled frequency data are then (arithmetic or Huffman) 
coded into a format that will allow them to be transmitted 
(or archived) even more economically. In particular. the 
JPEG modified Huffman coding represents each string of 
"zeroed out" bins with a compact code. 

The transmitted images are reconstructed by reversing 
these operations. Coded information is received and 
restored to frequency information through a decoder. The 
received (or retrieved) data then pass through an inverse . 
quantizer that restores the most important frequency 
components, albeit at somewhat grainier than original 
levels. Finally, the image is reconstructed by the inverse 
OCT. In practice, compression ratios of up to 20:1 can 
provide visually acceptable results with still images ... •• • 

The basic compression circuit (Figure 15) shows a sample 
implementation of an intraframe compressor. The system 
contains an encoder comprising the TMC2311 OCT chip, a 
quantizer and a coder. Images are reconstructed in a 
complementary system with a decoder, a dequantizer, and 
a TMC2311 (inverse) OCT chip. 
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Figure 14. EquivalentOutput Circuit 
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Figure 16. lnterframe Compression System 

lnterframe Compression 

Figure 16 shows a moving picture extension of frequency 
domain coding, which processes differences between the 
corresponding pixels of successive image frames. 
lnterframe compression describes areas of change within a 
moving image by comparing each new frame against 
earlier frames. Prior to the OCT, a block from the new 
frame is subtracted from the corresponding block of the 
previous frame. The resulting differences are transformed, 
quantized, coded, and transmitted. The compressed data 
are then reconstructed by reversing the processing steps: 
decode, dequantize, inverse OCT, then accumulate 
differences from frame to frame. Transforming only these 
differences increases the achievable compression. 

TRW LSI Products Inc. 
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Linear Predictive Coding System 

Many critical biomedical and defense applications require 
that images be compressed and then restored "losslessly," 
i.e., without degradation. One technique, referred to as 
Linear Predictive Coding (LPC), has been very effective in 
speech compression. For image compression, LPC entails 
coding the differences between the current and previous 
pixel blocks of the same frame. This technique of 
intraframe compression can be used with or without the 
OCT. Much of the Figure 16 interframe compression 
architecture can also be applied here, although the delay 
block now corresponds to delay within a single frame. 

To obtain lossless compression, the user may code the 
differences between pixel blocks directly, without the OCT. 
This variety of intraframe compression, demonstrated in 
Figure 17, uses just the auxiliary adder of the TMC2311. In 
the forward direction, the differences are computed and 
transferred to the quantizer and coder circuitry where they 
are readied for transmission. In the inverse direction, the 
reconstruction process involves inverse coding and 
quantization, followed by cumulative addition of the image 
differences by the TMC2311 's auxiliary adder. 
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Figure 17. Linear Predictive Coding System (No Cosine Transform) 

Differential Pulse Code Modulation 

Another linear prediction algorithm, differential pulse code 
modulation, (DPCM) uses the differences between 
individual pixels on each line of the image. These 
differences are quantized, coded and transmitted (or 
archived). This technique is also used where lossless 
compression is required. The system shown in Figure 18 
illustrates the use of the auxiliary adder circuit of the 
TMC2311. The device incorporates a special input delay 
path that allows a previous pixel value to be added or 
subtracted from the current input pixel value. The results 
are then either fed into the device core to perform a 
transpose function or output directly from the adder. In the 
forward direction the pixel differences are fed to the 
quantizer and coder blocks of the system and transmitted. 
In the inverse direction the coded information is 
reconstructed by inverse coding followed by inverse 
quantization and finally the accumulation of pixel 
differences in the TMC2311. 
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Figure 18. Differential Pulse Code Modulation 
System (No Cosine Transform) 
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Package Interconnections 

Signal Signal 
Type Name Function Value R1 Package Pin 

Power VDD Supply Voltage +5.0V 2 10 17 33 53 68 

GND Ground O.OV 1 4 9 13 18 26 35 52 67 

Clock CLK System Clock TTL 65 

Inputs DIN11-o Data Inputs TTL 444546474849505154555657 

DX8-o Aux Adder In TTL 34 36 37 38 39 40 414243 

Outputs DOUT11-o Data Outputs TTL 56781112141516192021 

BOT Begin Transform TTL 22 

EOB End Of Block TTL 23 

Control INIT Initialize TTL 60 

NOOP No Operation TTL 61 

WR Control Preload TTL 66 

RD Read Control TTL 64 

ISEL ln_iJ_ut Data Select TTL 59 

OSEL Output Select TTL 58 

OE Ou!.i!_ut Enable TTL 3 

FE Flag Enable TTL 62 

CTRL7-0 Control Params TTL 32 31 30 29 28 27 25 24 

DNR Test Pin - 63 

Do Not Connect 

Ordering Information 

Product Data Temperature Range Screening Package Package 
Number Rate MHz Marking 

TMC2311R1C 13.5 STD-TA= ooc to 700C Commercial 68 Pin PLCC 231 lRlC 
TMC2311R1C1 14.5 STD-TA= ooc to 700C Commercial 68 Pin PLCC 2311R1C1 

TMC2311R1C2 17.8 STD-TA= ooc to 700C Commercial 68 Pin PLCC 2311R1C2 

Al I parameters in this specification are guaranteed by design, characterization, sample testing to 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy 

TRW LSI Products Inc. components are not designed for use 1n life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages 
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CMOS Coordinate Transformer 
16 x 16 Bit, 25MOPS 

The TMC2330 VLSI circuit converts bidirectionally 
between Cartesian (real and imaginary) and Polar 
(ma911itude 2rnd phase) coo1di11cili:;0 dl LifJ lu 25ivlGPS 
(Million Operations Per Second). 

In its Rectangular-To-Polar mode, the TMC2330 can 
extract phase and magnitude information or backward 
"map" from a rectangular raster display to a radial (e.g., 
range-and-azimuth) data set 

The Polar-To-Rectangular mode executes direct digital 
waveform synthesis and modulation. With its 32-bit 
phase accumulator, the chip can generate and frequency 
or phase-modulate quadrature sinusoidal waveforms with 
a frequency resolution of 0.006Hz at a 25MHz clock rate. 
The TMC2330 greatly simplifies real-time image-space 
conversions between the radially-generated image scan 
data found in radar, sonar, and medical imaging systems, 
and raster-oriented display formats. 

All input and output data ports are registered, and a 
new transformed data word pair is available at the 
output every 40ns. The user-configurable phase 
accumulator structure, input clock enables, and 
asynchronous three-state output bus enables simplify 
interfacing. All signals are TTL compatible. 

Fabricated in TRW's OMICRON-C™ one-micron CMOS 
process, the TMC2330 operates at up to the 25MHz 
maximum clock rate over the full commercial (0 to 70°C) 
temperature and supply voltage ranges, and is available 
in a low-cost 120 pin plastic pin grid array package. The 
MIL-STD-883C version, the TMC2330L5V, is housed in a 
ceramic chip carrier and is specified over the full 
extended (- 55 to 125°C) case temperature range. 

Features 

• Rectangular-To-Polar Or Polar-To-Rectangular Conversion 
At Guaranteed 25MOPS Pipelined Throughput Rate 

• Polar Data: 16-Bit Magnitude, 32-Bit lnput/16-Bit 
Output Phase 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla, CA 92038 

• 16-Bit User-Selectable Two's Complement Or Sign­
And-Magnitude Rectangular Data Formats 

• Input Heg1ster Clock enables And Asynchronous Output 
Enables Simplify Interfacing 

• User-Configurable Phase Accumulator For Waveform 
Synthesis And Amplitude, Frequency, Or Phase 
Modulation 

• Magnitude Output Data Overflow Flag (In Polar-To-
Rectangular Mode) 

• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In A 120 Pin Plastic Pin Grid Array Package 

• Available In A 132 Leaded CERQUAD 

Applications 

• Scan Conversion (Phased Array To Raster) 
• Vector Magnitude Estimation 
• Range And Bearing Derivation 
• Spectral Analysis 
• Digital Waveform Synthesis, Including Quadrature 

Functions 
• Digital Modulation And Demodulation 

TMC2330 Logic Symbol 

ENXR 

XRIN (15. 0) 

ENYP (l,O) 

YPIN (JH) 

ACC(1,0) 

TCXY 

ATP 

CLK 

Phone: (619) 457-1000 
FAX. (6191 455-6314 

TMC2330 

DATA OUTPUTS 

OERX 

RXOUT (l 5 . 0) 

OEPY 

PYOUT (l 5 • 0) 

OVF 
21261A 

65 

©TRW Inc. 1990 
40G06721 Rev. B-11/90 
Printed in the U.SA 



TMC2330 

Functional Block Diagram 

ENXR 

TCXY~--­

RTP >---.. 

RXOUT (15. 0) OVF 

Functional Description 

General Information 

The TMC2330 converts between Rectangular (Cartesian) 
and Polar (Phase and Magnitude) coordinate data word 
pairs. The user selects the numeric format and trans­
formation to be performed (Rectangular-To-Polar or Polar­
To-Rectangularl. and the operation is performed on the 
data presented to the inputs on the next clock. The 
transformed result is then available at the outputs 22 
clock cycles later, with new output data avail~ble every_ 
40ns. All input and output data ports are registered, with 
input clock enables and asynchron~us high-impedance 
output enables to simplify connections to system buses. 

When executing a Rectangular-To-Polar conversion, the 
input ports accept 16-bit Rectangular coordinate words, 
and the output ports generate 16-bit magnitude and 

66 
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21262A 

16-bit phase data. The user selects either two's comple­
ment or sign-and-magnitude Cartesian data format. Polar 
magnitude data are always in_ magnitude for_mat only. 
Since the phase angle word 1s modulo 271", 1t may be 
regarded as either unsigned or two's complement format 
(Tables 1 and 2). 

In Polar-To-Rectangular mode, the input ports accept 
16-bit Polar magnitude and 32-bit phase data, and the 
output ports produce 16-bit Rectangular data words. 
Again, the user selects between two's complement or 
sign-and-magnitude Cartesian data format. The dual. 
32-bit phase accumulator input registers are useful m 
signal synthesis applications, storing high-acc~racy 
(D.006Hz at the maximum clock rate) phase increment 
values with minimal accumulation error. This allows the 
TMC2330 to generate precision quadrature waveforms 
unattended, once the accumulator has been enabled. 
The flexible input phase accumulator structure supports 
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General Information (cont.) 

frequency or phase modulation, as determined by the 
input register clock enable ENYP 1 o and accumulator 
control word ACC1 O· The 16 MSBs (Most Significant 
Bits) of phase data' are used in the transformation itself. ENYP 1,0 

Signal Definitions 

Power 

current clock when ENXR is HIGH. When 
ENXR is LOW, the value stored in the 
register remains unchanged. 

The value presented to the YPIN input port 
is latched into the phase accumulator input 
registers on the current clock, as deter­
mined by the control inputs ENYP 1, o. as 
shown below: 

Voo. GND The TMC2330 operates from a single + 5V _EN_Y_P_1_,o_+-______ 1n_s_tru_c_ti_on _____ _ 

supply. All power and ground pins must be oo 
connected. 01 

10 

Clock 11 

CLK The TMC2330 operates from a single clock. 
All enabled registers are strobed on the 
rising edge of CLK, which is the reference 
for all timing specifications. 

Inputs/Outputs 

XRIN15-0 XRIN 15-0 is the registered Cartesian 
X-coordinate or Polar Magnitude (Radius) 
16-bit input data port. XRIN 15 is the MSB. 

YPIN31-0 YPIN31-o is the registered Cartesian 
Y-coordinate or Polar Phase angle 32-bit 
input data port. The input phase accumu-
lators are fed through this port in conjunc-
ti on with the input enable select ENYP 1 D· 
When RTP is HIGH (Rectangular-To-Polar\. 
the input accumulators are normally not 
used. The 16 MSBs of YPIN are the input 
port, and the lower 16 bits become "don't 
cares" if ACC = 00. YPIN31 is the MSB. 

RXOUT15-0 RXOUT 15-0 is the registered Polar Magni-
tude (Radius) or X-coordinate 16-bit output 
data port. This output is forced into the 
high-impedance state when DERX= HIGH. 
RXOUT 15 is the MSB. 

PYOUT15-0 PYO UT 15-0 is the registered Polar Phase 
angle or Cartesian Y-coordinate 16-bit 
output data port. This output is forced 
to the high-impedance state when 
OEPY=HIGH. PYOUT15 is the MSB. 

Controls 

ENXR The value presented to the input port XRIN 
is latched into the input registers on the 

TRW LSI Products Inc. 

RTP 

ACC1,0 

ACC1,0 

00 
01 

10 

11 

No registers enabled, current data held 

M register input enabled, C data held 

C register input enabled, M data held 

M register set to 0, C register input enabled 

where C is the Carrier register and M is 
the Modulation register, and 0 =LOW, 
1 =HIGH. See the Functional Block 
Diagram. 

This registered input selects the current 
transformation mode of the device. When 
RTP is HIGH, the TMC2330 executes a 
Rectangular-To-Polar conversion. When RTP 
is LOW, a Polar-To-Rectangular conversion 
will be performed. The input and output 
ports are then configured to handle data in 
the appropriate coordinate system. This is a 
static input. See the Timing Diagram. 

In applications utilizing the TMC2330 to 
perform waveform synthesis and modulation 
in the Polar-To-Rectangular mode (RTP = 
LOW). the user determines the internal 
phase Accumulator structure implemented 
on the next clock by setting the accumu­
lator control word ACC1 ,O· as shown below: 

Configuration 

No accumulation performed 

PM accumulator path enabled 

FM accumulator path enabled 

(Nonsensical) logical OR of PM and FM 

where 0 =LOW, 1 =HIGH. See the 
Functional Block Diagram. 

The accumulator will roll over correctly 
when full-scale is exceeded, allowing the 
user to perform continuous phase accumu­
lation through 27r radians, or 360 degrees. 
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Controls (cont.} 

ACC1 o Note that the accumulators will also func-
lcond ti on when RTP =HIGH IRectangular-To­

Polar), which is useful when performing 
backward mapping from Cartesian to polar 
coordinates. However, most applications will 
require that ACC1 o be set to 00 to avoid 
accumulating the tartesian Y input data. 

OVF When RTP =LOW !Polar-To-Rectangular), the 
Overflow Flag will go HIGH on the clock 
that the magnitude of either of the current 
Cartesian coordinate outputs exceeds the 
maximum range. It will return LOW on the 
clock that the Cartesian out-put valuels) 
return to full-scale or less. See the 
Applications Discussion section. Overflow 
is not possible in Rectangular-To-Polar mode 
IRTP =HIGH). 

TCXY The format select control sets the numeric 
format of the Rectangular data, whether 
input IRTP =HIGH) or output IRTP =LOW). 
This control indicates two's complement 
format when TCXY =HIGH, and sign-and­
magnitude when LOW. This is a static 
input. See the Timing Diagram. 

DERX, OEPY Data in the output registers are available 

Package Interconnections 

Signal Signal 
Type Name Function 

Power vDD Supply Voltage 

GND Ground 

Clock CLK System Clock 

Inputs XRIN15-0 X or Radius Data 

YPIN31-0 Y or Phase Data 

Outputs RXOUT15-0 Radius or X Data 

PYOUT15-0 Phase or Y Data 

Controls ENXR X or Radius In Enable 

ENYP1,0 Y or Phase In Enable 
RTP Conversion Select 

ACC1,0 Accumulate Control 
TCXY Cartesian Data Format 

DERX Radius or X Out Enable 

OEPY Phase or Y Out Enable 

Flags OVF Overflow Flag 

No Connect NC No Connect Pins 

Index Pin 
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at the outputs of the device when the 
respective asynchronous Output Enables are 
LOW. When DERX or OEPY is HIGH, the 
respective output portls) is in the high­
impedance state. 

H5 Package Pins L5 Package Pins 

C3, E3, H3, L4, L6, L8, L 11, Fl l, Ell, 1, 9, 21, 37, 45, 53, 67, 87, 91, 99, 

Cl l, C8, C6 112, 120 
D3, E2, F2, G3, K3, L3, L7, Kll, Jll, 5, 11, 14, 17' 29, 33, 49, 75, 83, 89, 

Gl l, El2, Dl l, ClO, C9, C7, C5, C4 95, 104, 108, 116, 124, 129 

F3 13 

Fl2, Fl3, Gl3, Gl2, Hl3, Hl2, Hll, Jl3, 86, 85, 84, 82, 81, 80, 79, 78, 77, 76, 
Jl2, Kl3, Kl2, Ll3, Ll2, Ml3, Ml2, Nl3 74, 73, 71, 69, 68, 66 

LlO, Nl2, Nll, MlO, L9, NlO, M9, N9, 61, 60, 59, 58, 57, 56, 55, 54, 52, 51, 
M8, NS, N7, M7, N6, M6, N5, M5, N4, 50, 48, 47' 46, 44, 43, 42, 41, 40, 39, 
L5, M4, N3, M3, N2, M2, Nl, L2, Ml, 38, 36, 34, 31, 30, 28, 27, 26, 25, 24, 

Ll, K2, J3, Kl, J2, Jl 23, 22 

Dl3, Dl2, Cl3, 813, Cl2, Al3, 812, Al2, 90, 92, 93, 94, 96, 97' 100, 102, 105, 
Bl l, All, 810, AlO, 89, A9, 88, A8 106, 107, 109, 110, 111, 113, 114 

A7, A6, 86, A5, 85, A4, 84, A3, A2, 83, 117, 118, 119, 121, 122, 123, 125, 

Al, 82, Bl, C2, Cl, D2 126, 127, 130, 132, 3, 4, 6, 7, 8 

Mll 63 
Gl, G2 18, 16 
El 12 
H2, Hl 20, 19 

Fl 15 

El3 88 
Dl 10 

87 115 

- 2, 32, 35, 62, 64, 65, 72, 98, 101, 

103, 128, 131 

D4 
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Static Control Inputs 

The controls RTP and TCXY determine the transformation 
mode and the assumed numeric format of the Rectan­
gular data. The user must exercise caution when 
changing either of these controls, as the new trans-

Table 1. Data Input/Output Formats Integer Format 

Port RTP TCXY 31 30 29 

XRIN x 
XRIN 0 

XRIN 

YPIN x ±20. r1 r2 
YPIN 0 NS 214 213 

YPIN -215 214 213 

RXOUT 

RXOUT 1 
RXOUT x 

PYO UT 0 

PYO UT 1 

PYO UT x 

formed results will not be seen the at the outputs until 
the entire internal pipe (22 clocks) has been flushed. 
Thus, these controls are considered static. 

Bit# 
16 15 14 0 Format 

215 214 20. 

NS 214 20. 
-215 214 20. 

r16 r17 2-31 (X7r)T/U 

NS 214 20. 
-215 214 20. 

215 214 20. 

NS 214 20. 
-215 214 20. 

±20. rl 2-15 (x7r)T/U 

Table 2. Data Input/Output Formats - Fractional Format 

Port 

XRIN 

XRIN 

XRIN 

YPIN 

YPIN 

YPIN 

RXOUT 

RXOUT 

RXOUT 

PYO UT 
PYO UT 
PYO UT 

RTP TCXY 

0 

0 

x 
0 

x 

1 

x 

1 

x 

31 30 29 

±20. 2-l r2 
NS. rl r2 

-20 rl r2 

Notes: 1. -215 denotes two's complement sign bit. 

2 NS denotes negative sign, i.e .. 'I' negates the number. 

3. ± 20 denotes two's complement sign or highest magni­
tude bit - since phase angles are modulo 2ir and 
phase accumulator is modulo 232, this bit may be 
regarded as +,,. or - "· 

4. All phase angles are in terms of ,,. radians. hence 
notation "x7r." 

5. If Acc=OO. YPIN 115-0) are "don't cares:· 

TRW LSI Products Inc. 

Bit# 
16 15 

20. 

NS. 
-20. 

r16 

6. Formats: 

T =Two's Complement 
S =Signed Magnitude 
U =Unsigned 

14 0 Format 

rl r15 
2-l r15 

rl r15 

r17 2-31 (x7r)T/U 

r15 
r15 
2-15 

r15 
r15 

r15 (X7r)T/U 

HEX u T s 
FFFF 65535 -1 -32767 
-- -- -- - -
8001 32769 -32767 -1 
8000 32768 -32768 0 
7FFF 32767 32767 32767 
-- -- -- - -
0001 1 1 1 
0000 0 0 0 

u 
s 
T 

s 
T 

s 
T .. u 

s 
T 

u 
s 
T 

s 
T 

s 
T 

u 

s 
T 
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Figure 1. Timing Diagram - No Accumulation 

ENXR, ENYP (l,0) xxxxx EN xxxx EN ) = = 
I I I 

XRIN (15. O)• YPIN (31-0) xxxxx A xxxx B ) 

I I I 

RXOUT (15. 0)•1 PYOUT (15. 0) 

Note I. OERX. OEPY. LOW 

Figure 2. Timing Diagram - Phase Modulation 

CLK 

RTP,TCXY .. XX.....,..__ ___________________ _ 

70 

ACC(1,0) ™ 00 &.. 01 xx 01 xx 01 xx 01 xx 01 xx 

ENYP (1, 0) xx 10 xx 01 xx 01 xx 01 xx 01 xx 01 xx 01 xx 

PX OUT, 
PY OUT 

Notes: I. OERX, OEPY • LOW. 
2. Carner C and amplitude R loaded on CLK 0. 
3. Modulation values I, J, K, L, ... loaded on CLK I, CLK 2, etc. 
4. Output corresponding to modulation loaded at CLK i emerged IDO atter CLK i + 21. 
5. To modulate amplitude, vary XRIN with ENXR ·I. 

xx 

xx f(A) 

22 23 

l-- 1HO 

f(B) xx 
I I 21263A 

24 25 
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Figure 3. Equivalent Input Circuit 
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Figure 5. Transition Levels for Three-State Measurements 
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THREE-STATE 
OUTPUTS 
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Figure 4. Equivalent Output Circuit 

21265A 

n SUBSTRATE 

01 

p+ 

n+ 

02 

pWELL 

21121A 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................ -0.5 to + 7.0V 

Input Voltage ............................................................................................................................................................................... -0.5 to 1v00 +0.5)V 

Output Voltage 
Applied voltage .................................................................................................................................................... -0.5 to 1v00 +0.5)V 2 

Forced current .............................................................................................................................................................. -6.0 to 6.0mA 3.4 

Short-circuit duration !single output in HIGH state to ground) ........................................................................................ 1 Second 

Temperature 

Operating, case ............................................. . .............................................. .. ....................................... -60 to + 130°C 
junction .......................................... .. .. ......................... 175°C 

Lead, soldering 110 seconds) .................................................................................................................... . .. ................ 300°C 
Storage ....................................................................................... .... .......................................................... ....................... - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current l1m1ted to spec1f1ed range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range 

Current 1s specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Voo Supply Voltage 4.75 5.25 4.5 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 8.0 8.0 mA 

1DH Output Current, Logic HIGH -4.0 -4.0 mA 

tcv Cycle Time Voo=Min 50 55 ns 
TMC2330-1 40 45 ns 

tpwL Clock Pulse Width, LOW Voo=Min 10 11 ns 
TMC2330-1 8 8 ns 

tpwH Clock Pulse Width, HIGH Voo=Min 8 8 ns 
TMC2330-1 6 6 ns 

ts Input Setup Time 12 13 ns 
TMC2330-1 10 11 ns 

tH Input Hold Time 1 2 ns 
TMC2330-1 1 2 ns 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

Electrical characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1000 Supply Current, Quiescent Voo=Max, V1N=OV 10 10 mA 

loou Supply Current, Unloaded Voo=Max, f=20MHz 

DERX and OEPY = Voo 160 160 mA 

Ill Input Current, Logic LOW Voo=Max, V1N=OV -10 -10 µA 

l1H Input Current, Logic HIGH Voo=Max, V1N=Voo 10 10 µA 

Vol Output Voltage, Logic LOW Voo=Min, loL =Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 =Min, loH =Max 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 -40 µA 

lozH Hi-Z Output Leakage Current, Output HIGH v00 =Max, v1N = v00 40 40 µA 

las Short-Circuit Output Current Voo =Max, Output HIGH, one pin to -20 -100 -20 -100 µA 
ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=1MHz 10 10 pF 

Co Output Capacitance TA=25°C, f=1MHz 10 10 pF 

Note: 1. Actual test conditions may vary from those shown, but specified operation is guaranteed. 
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TMC2330 ii~·· 
Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

to Output Delay Voo=Min, CLoAo=40pF 22 25 ns 
TMC2330-1 20 23 ns 

tHo Output Hold Time Voo=Max, CLOAo=40pF 4 4 ns 
TMC2330-1 4 4 ns 

trnA Output Enable Delay V DD= Min, CLOAD = 40pF 13 17 ns 
TMC2330-1 12 15 ns 

to1s Output Disable Delay Voo=Min, CLoAo=40pF 14 14 ns 
TMC2330-1 

Applications Discussion 

Numeric Overflow 

Because the TMC2330 accommodates 16-bit unsigned 
radii and 16-bit signed Cartesian coordinates, Polar-To­
Rectangular conversions can overflow for incoming radii 
greater than 32767 = 7FFFh and will overflow for all 
incoming radii greater than 46341 = B505h. lln signed 
magnitude mode, a radius of 46340 = B504h will also 
overflow at all angles.) The regions of overflow and of 
correct conversion are illustrated in Figure 6. 

In signed magnitude mode, overflows are circularly 
symmetrical - if a given radius overflows at an angle 
P, it will also overflow at the angles 71"-P, 'll"+P, and 
- P. This is because - X will overflow if and only if X 
overflows, and -Y will overflow if and only if Y 
overflows. 

Table 3a. X-Dimensional Marginal Overflows 

TC VPIN OV RXOUT CORRECT X 

0 0000=0 1 0000= +O +32768 
0 8000=71" 1 8000= -0 -32768 

1 0000=0 1 8000 = - 32768 +32768 
1 8000=71" 0 8000 = - 32768 -32768 

In all cases, RTP = 0 !Polar-To-Rectangular mode) and 
XRIN = 8000 !incoming radius= 32768). 

TRW LSI Products Inc. 

13 13 ns 

In two's complement mode, the number system's asym­
metry complicates the overflow conditions slightly. An 
input vector with an X component of - 32768 = 8000h 
will not overflow, whereas one with an X component of 
+ 32768 will. Table 3 summarizes several simple cases 
of overflow and near-overflow. 

Numeric Underflow 

In RTP = 1 !Rectangular-To-Polar mode), if XRIN = YPIN = 
0, the angle is undefined. Under these conditions, the 
TMC2330 will output the expected radius of 0 IRXOUT = 
0000) and an angle of 1.744 radians I PYO UT= 4707). 
This angle is an artifact of the CORDIC algorithm and is 
not flagged as an error, since the angle of any 0 length 
vector is arbitrary. 

Table 3b. Maximal Overflow (Radius In= 65535) 

TC VPIN OV RXOUT CORRECT X 

0 0000=0 1 7FFF = + 32767 +65535 
0 8000=71" 1 FFFF = - 32767 -65535 

1 0000= 0 1 FFFF= -1 +65535 

1 8000= 71" 1 0001=+1 -65535 

In all cases, RTP = 0 !Polar-To-Rectangular mode) and 
XRIN = 7FFF !incoming radius= 65535, which will always 
overflow). 
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Figure 6. First Quadrant Coordinate Relationships 
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Performing Scan Conversion with the TMC2330 

Medical Imaging Systems such as Ultrasound, MRI, and 
PET, and phased array Radar and Sonar systems gen­
erate radial-format coordinates (range or distance, and 
bearing) which must be converted into raster-scan format 
for further processing and display. Utilizing the TRW 

X ·A (cos8) 
Y•A(sin 8) 

and 

A. ~X2+ y2 
8•tan1 (Y/X) 

If A< 32768, overflow will not occur (region A). 
If A> 32767, overflow will occur (region C) if IXI > 32767 or IYI > 32767. 
If A> 32767, overflow will not occur (region B) if IXI < 32768 and IYI < 32768. 

21266A 

TMC2301 Image Resampling Sequencer, a minimum 
chipcount Scan Converter can be implemented which 
utilizes the trigonometric translation performed by the 
TMC2330 to backwards-map from a Cartesian coordinate 
set into the Polar source image buffer address space. 

Figure 7. Block Diagram of Scan Converter Circuit Utilizing TMC2330 and TMC2301 Image Resampling 
Sequencer 

l SADR x 
TMC2330 . 
COORDINATE 

SADR y TRANSFORMER 

(2) TMC2301 OR 
(2) TMC2302 IMAGE 
RESAMPLING SEQUENCERS 

TADA u 

lTADR 

(4)TMC2011 
DELAY 

v REGISTER 

~ ..6.. 
-
TWA 

L 

74 

R 
et 

e 

u_ 
Vt 

p. 

SOURCE 
IMAGE 
BUFFER 

DATA OUT 

1r 

~ 
JI 
DATA IN 

TARGET 
IMAGE 
BUFFER 

TMC 
OR 
TMC 

2208 MULTIPLIER·ACCUMULATOR 

2246 PIXEL INTERPOLATOR 

21267A 

TRW LSI Products Inc. 



TMC2330 

As shown in Figure 7, the TMC2330 transforms the 
Cartesian source image addresses from the TMC2301 
directly to vector distance and angle coordinates, while · 
the TMC2301 writes the resulting resampled pixel values 
into the target memory in raster fashion. Note that the 
ability to perform this spatial transformation in either 
direction gives the user the freedom to process images 
in either coordinate space, with little restriction. Image 
manipulation such as zooms or tilts can easily be 
included in the transformation by programming the 
desired image manipulation into the TMC2301 's 
transformation parameter registers. 

Statistical Evaluation of Double Conversion 

In this empirical test. 10,000 random Cartesian vectors 
were converted to and from polar format by the 
TMC2330. The resulting Cartesian pairs were then 
compared against the original ones. The unrestricted data 
base represents uniform sampling over a square bounded 
by -32769<x<32768 and -32769<y<32768. 

The results of the 10,000-vector study were as follows: 

Mean Error (XI + 0.0052 LSB 
Mean Error (Y) + 0.0031 LSB 
Mean Absolute Error (X) 0.662 LSB 
Mean Absolute Error (Y) 0.664 LSB 
Root Mean Square Error (X) 1.025 LSB 
Root Mean Square Error (Y) 1.D20 LSB 
Max Error (X) = + 4/ - 5 LSB 
Max Error (Y) = + 5/ - 4 LSB 

Since this is a double conversion (rectangular to polar 
and back) which includes a wide variety of "good case" 
and "bad case" vectors, the chip should perform even 
better in many actual systems. Repeating the experiment 
and restricting the original data set to an annulus defined 
by 8196<R<32768 reduced the mean square error to 
0.89 LSB and the peak error to ± 4 LSB (x or y). These 
latter results are more germane to synthesizer, demodu­
lator, and other applications in which the amplitude can 
be restricted to lie between quarter and full scale. ~ __________ ... 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2330H5C1 STD-TA= 0°c to 10°c Commercial 120 Pin Plastic Pin Grid Array 2330H5C1 

TMC2330H5C STD-TA =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2330H5C 

TMC2330L5V1 EXT-Tc= -55°C to 125°C MIL-STD-8838 132 Leaded CEROUAD 2330L5V1 

TMC2330L5V EXT-Tc= -55°C to 125°C MIL-STD-8838 132 Leaded CEROUAD 2330L5V 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result rn personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name 'Pin, Name Pin Name Pin Name 

Al PYOUT5 83 PYOUT5 C5 GNO El RTP G11 GNO Kl YPIN2 L10 YPIN31 M12 XRIN1 
A2 PYO UT 7 84 PYO UT 9 C6 Voo E2 GNO G12 XRIN12 K2 YPIN4 L11 Voo M13 XRIN2 
A3 PYOUTa 85 PYOUT11 C7 GNO E3 Voo G13 XRIN13 K3 GNO L12 XRIN3 Nl YPINa 
A4 PYOUT10 86 PYOUT13 ca Voo Ell Voo Hl AC Co K11 GNO L13 XRIN4 N2 YPIN10 
A5 PYOUT12 87 OVF C9 GNO E12 GNO H2 Acc1 K12 XRIN5 Ml YPIN5 N3 YPIN12 
A6 PYOUT14 88 RXOUT1 C10 GNO E13 DERX H3 Voo K13 XRIN5 M2 YPINg N4 YPIN15 
A7 PYOUT15 89 RXOUT3 C11 Voo Fl TCXY H11 XRINg L1 YPIN5 M3 YPIN 11 N5 YPIN 17 
AB RXOUTo BlO RXOUT5 C12 RXOUT11 F2 GNO H12 XRIN10 L2 YPIN7 M4 YPIN13 N6 YPIN19 
A9 RXOUT2 811 RXOUT7 C13 RXOUT13 F3 CLK H13 XRIN11 L3 GNO M5 YPIN15 N7 YPIN21 
A10 RXOUT4 812 RXOUTg 01 OEPY F11 Voo Jl YPINo L4 Voo M6 YPIN1a NS YPIN22 
All RXOUT5 813 RXOUT12 02 PYOUTo F12 XRIN15 J2 YPIN1 L5 YPIN14 M7 YPIN20 N9 YPIN24 
A12 RXOUTa Cl PYOUT1 03 GNO F13 XRIN14 J3 YPIN3 L6 Voo MB YPIN23 N10 YPIN25 
A13 RXOUT10 C2 PYOUT2 011 GNO Gl ENYP1 J11 GNO L7 GNO M9 YPIN25 N11 YPIN29 
81 PYOUT3 C3 Voo 012 RXOUT14 G2 ENYPo J12 XRIN7 LS Voo M10 YPIN2a N12 YPIN30 
82 PYOUT4 C4 GNO 013 RXOUT15 G3 GNO J13 XRINa L9 YPIN27 M11 ENXR N13 XRINo 

13 © ©©© © ©© © ©©© © © 
12 © ©© © © ©© © © ©©© © 
11 © ©©© © ©© © ©© ©© © 
10 © ©© ©©© 
9 © ©© ©©© 

© ©© ©© © 
7 © ©© ©©© 
6 ©©© ©©© 
5 ©©© ©©© 
4 ©©© © © © 
3 ©©© ©©©©©©©©© © 

©©©©©©©©©© © ©© 
© © © © ©©©©©© © ©© 

A 8 c D E F G H J K L M N 
21041A 
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Pin Assignments - 132 Leaded CERDUAD, L5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name 

1 Voo 23 YPIN1 45 Voo 67 Voo 89 GND 111 RXDUT2 
2 NC 24 YPIN2 46 YPIN13 68 RXIN1 90 RXDUT15 112 VDD 

3 PYO UT 4 25 YPIN3 47 YPIN19 69 RXIN2 91 Voo 113 RXDUT1 
4 PYOUT3 26 YPIN 4 48 YPIN20 70 GND 92 RXOUT14 114 RXOUTo 
5 GND 27 YPIN5 49 GND 71 RXIN3 93 RXOUT13 115 OVF 

6 PYO UT 2 28 YPIN5 50 YPIN21 72 NC 94 RXOUT12 116 GND 
7 PYnl IT, 

~ ~ ' ?q GND 51 YPIN22 73 RXIN4 95 GND 117 PYOUT15 
8 PYDUTo 30 YPIN7 52 YPIN23 74 RXIN5 96 RXDUT11 118 PYOUT14 
9 Voo 31 YPIN 8 53 Voo 75 GND 97 RXOUT10 119 PYOUT13 

10 DEPY 32 NC 54 YPIN24 76 RXIN5 98 NC 120 Voo 
11 GND 33 GND 55 YPIN25 77 RXIN7 99 Voo 121 PYDUT12 
12 RTP 34 YPIN9 56 YPIN25 78 RXIN3 100 RXDUT9 122 PYO UT 11 
13 CLK 35 NC 57 YPIN27 79 RXIN9 101 NC 123 PYOUT10 
14 GND 36 YPIN 1o 58 YPIN28 80 RXIN10 102 RXDUT8 124 GND 

15 TCXY 37 Voo 59 YPIN29 81 RXIN11 103 NC 125 PYOUT9 
16 ENYPo 38 YPIN11 60 YPIN30 82 RXIN12 104 GND 126 PYOUT8 
17 GND 39 YPIN 12 61 YPIN31 83 GND 105 RXOUT7 127 PYOUT7 
18 ENYP1 40 YPIN13 62 NC 84 RXIN13 106 RXOUT5 128 NC 

19 AC Co 41 YPIN 14 63 ENXR 85 RXIN14 107 RXOUT5 129 GND 

20 Acc1 42 YPIN15 64 NC 86 RXIN 15 108 GND 130 PYOUT5 
21 Voo 43 YPIN15 65 NC 87 Voo 109 RXDUT4 131 NC 

22 YPINo 44 YPIN17 66 XRINo 88 DERX 110 RXOUT3 132 PYDUT5 

132 100 

34 66 21062A 
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Correlators 

TRW is the industry-leader in correlators for high-performance communications, signal, radar and image 
processing applications. Correlators measure the similarity between two digital signal streams, which is 
key to pattern recognition and data synchronization applications. All TRW correlators are TTL 
compatible. 

TRW LSI Products Inc. 



Correlators 

Clock 
Rate 1 Power 1 

Product Description Size (MHz) (Watts) Package Grades 2 Notes Page 

TDC2023-1 Correlator 64x 1 30 0.4 82, 8724 Pin DIP C, V, SMD Pin Compatible with TDC 1023. G5 
C3 2S Contact CC V, SMD Threshold Flag. 

25 0.4 82,87 24 Pin DIP C, V, SMD G5 
C3 2S Contact CC V, SMD 

TMC2220-1 Correlator 4 x 32 20 0.3 GS 69 Pin PGA C, V Programmable. G17 
HS 69 Pin PPGA c Optional l&Q Modes. 

17 0.3 GS 69 Pin PGA C, V 
HS 69 Pin PPGA c 

TMC2221-1 Correlator 1x128 20 0.3 86 2S Pin DIP C, V Programmable. G17 
17 0.3 86 2S Pin DIP C, V 

Notes· I. Guaranteed. See product specifications for test conditions. 

2. C=Commercial. TA=D°C to 70°C. 
V=MIL-STD-883 Compliant, Tc= -55°C to 125°C 
SMD =Available per Standardrzed Military Drawing, Tc= - 55°C to 125°C 
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TDC1023 
Use TMC2023 for New Designs 

Digital Output Correlator 
64-Bit 

The TRW TDC1023 is a monolithic, alt-digital 64-bit 
correlator with a 7-bit three-state buffered digital output. 
This device consists cf three 64 b:t :ndependcnt!v c!cckcd 
shift registers, one 64-bit reference holding latch, and a 
64-bit independently clocked digital summing network. 
The device is capable of a 17MHz parallel correlation 
rate. 

The 7-bit threshold register allows the user to preload a 
binary number from 0 to 64. Whenever the correlation is 
equal to or greater than the number in the threshold 
register, the threshold flag goes HIGH. 

The 64-bit mask shift register IM register) allows the 
user to mask or selectively choose "no compare" bit 
positions enabling total word length flexibility. 

The reference word is serially shifted into the B register. 
By clocking the R latch, the data is parallel-loaded into 
the R reference latch. This allows the user to serially 
load a new reference word into the B register while 
correlation is taking place between the A register and R 
latch. The two words are continually compared bit-for-bit 
by exclusive-OR circuits. Each exclusive-OR provides one 
bit to the digital summer. The output is a 7-bit word 
representing the sum of positions which agree at any 
one time between the A register and R latch. 

A control provides either true or inverted binary output 
formats. 

Features 
• 17MHz Correlation Rate 
• TIL Compatible 
• All Digital 
• Single + 5V Power Supply 
• Serial Data Input, Parallel Correlation Output 
• Programmable Word Length 
• Independently Clocked Registers 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

• Available In 24 Pin DIP 
• Output Format Flexibility 
• Three-State Outputs 

Applications 
• Check Sorting Equipment 
• High-Density Recording 
• Bar Code Identification 
• Radar Signature Recognition 
• Video Frame Synchronization 
• Electro-Optical Navigation 
• Pattern And Character Recognition 
• Cross-Correlation Control Systems 
• Error Correction Coding 
• Asynchronous Communication 

Functional Block Diagram 
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Phone: (6191 457-1000 
FAX: (6191 455-6314 
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3 

©TRW Inc. 1990 
40G00283 Rev. H - 11 /90 
Printed in the U.S.A. 
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TMC2023 

CMOS Digital Output Correlator 
64-Bit, 30MHz 

The TMC2023 is a monolithic 64-bit correlator with a 
7-bit three-state buffered digital output. This device con­
sists of three 64-bit independent!y clocked shift :egiste:s, 
one 64-bit reference holding latch, and a 64-bit indepen­
dently clocked digital summing network. The device is 
capable of a 30MHz parallel correlation rate. 

The 7-bit threshold register allows the user to preload a 
binary number from 0 to 64. Whenever the correlation is 
equal to or greater than the number in the threshold 
register, the threshold flag goes HIGH. 

The 64-bit shift mask register (M register) allows the 
user to mask or selectively choose "no compare" bit 
positions enabling total word length flexibility. 

The reference word is serially shifted into the B register. 
By clocking the R latch, the data is parallel-loaded into 
the R reference latch. This allows the user to serially 
load a new reference word into to the B register while 
correlation is taking place between the A register and 
the R latch. The two words are continually compared bit­
by-bit by exclusive-OR circuits. Each exclusive-OR provides 
one bit to the digital summer. The output is a 7-bit word 
representing the sum of positions which agree at any 
one time between the A register and R latch. A control 
provides either true or inverted binary output formats. 

Built with TRW's one-micron double level metal 
OMICRON-C™ low power CMOS process, the TMC2023 
is available in a 24 pin CERDIP package and 28 contact 
chip carrier. The CMOS TMC2023 is pin compatible with 
the bipolar TDC1023. 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla. CA 92038 

II~·· 

Features 
• 30MHz Correlation Rate (Worst Case Commercial) 
• All Inputs And Outputs TTL Compatible 
• Serial Data Input, Parallel Correlation Output 
• Programmable Word Length 
• Independently Clocked Registers 
• Programmable Threshold Detection And Flag Output 
• Available In 24 Pin CERDIP And 28 Contact Chip 

Carrier 
• Available To Standard Military Drawing (SMD) 
• Pin Compatible With TDC1023 
• Output Format Flexibility 
• Three-State Outputs 
• Low Power CMOS 

Applications 

• Check Sorting Equipment 
• High Density Recording 
• Bar Code Identification 
• Radar Signature Recognition 
• Video Frame Synchronization 
• Electro-Optical Navigation 
• Pattern And Character Recognition 
• Cross-Correlation Control Systems 
• Error Correction Coding 
• Asynchronous Communication 
• Matched Filtering 

5 
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Functional Block Diagram 
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Functional Description 

General Information 

The TMC2023 consists of an input section and an out­
put section. The input section contains the A, 8, and M 
registers, an R latch, XOR/AND logic and a pipelined 
summer network. The output section consists of thresh­
old, inversion and three-state logic. 

Signal Definitions 

Power 

Voo. GND The TMC2023 operates from a single +5V 
supply. All Voo and GND pins must be 
connected. 

Control 

INV 

TS 

LOR 

Clocks 

CLK A, 
CLK M, 
CLK B 

CLK T 

Control that inverts the 7-bit digital output. 
When a HIGH level is applied to this pin, 
the outputs IOo-6 are logically inverted. 
See the Timing Diagrams for setup and 
hold requirements. 

The three-state control enables and dis­
ables the output buffers. A HIGH level 
applied to this pin forces outputs into the 
high-impedance state. This control also 
allows loading of the internal threshold 
register. 

Control that allows parallel data to be 
loaded from the 8 register into the 
reference latch for correlation. If LOR is 
held HIGH, the R latch is transparent. 

Input clocks. Clock input pins for the A, M, 
and 8 registers, respectively. Each register 
may be independently clocked. 

Threshold register clock. Clock input used 
to load the T register. 

TRW LSI Products Inc. 

CLK S Digital summer clock. Clock input that 
allows independent clocking of the 
pipelined summer network. 

Data Inputs 

MIN Mask Keg1ster Input. Allows the user to 
choose "no-compare" bit positions. A "O" 
in any bit location will result in a no­
compare state for that location (bit position 
masked). 

A1N. 81N Shift register inputs to the A and 8 64-bit 
serial registers. 

Data Outputs 

IOo-6 Bi-directional data pins. When Outputs are 
enabled (TS LOW), data is a 7-bit binary 
representation of the correlation between 
the unmasked portions of the R latch and 
the A register. 105 is the MS8. These pins 
also serve as parallel inputs to load the 
threshold register. Data present one setup 
time before CLK T goes HIGH will be 
latched into the threshold register. 

TFLG The TFLG output goes HIGH whenever the 
correlation score is equal to or greater than 
the number loaded into the T register (0 to 
64). 

8oLJT. Shift register outputs of the three 64-bit 
AoLJT. shisft registers: 8, A, and M, respectively. 
MouT These outputs may be used to cascade 

multiple devices. 

No Connect 

NC These pins are not functional and should 
be left unconnected. 

7 
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Package Interconnections 

Signal Signal 
Type Name Function 

Power GND Ground 

Voo Supply Voltage 

Control INV Invert Output 

TS Three-State Enable 

LOR Load Reference 

Clocks CLK A A Register Clock 

CLK M M Register Clock 

CLK B B Register Clock 

CLK T Threshold Register Clock 

CLK S Digital Summer Clock 

Data Inputs MIN Mask Register Input 

A1N Shift Register Input 

BIN Shift Register Input 

Data Outputs 106-0 Correlation Score 

TFLG Threshold Flag 

BouT Shift Register B 

AouT Shift Register A 

MouT Shift Register M 

No Connects NC No Connect 

Timing Diagrams 

Continuous Correlation 

The TMC2023 contains three 1 x 64 serial shift registers 
(A, B, and M). The operation of these registers is iden­
tical and each has its own input, output, and clock. As 
shown in the timing diagram (Figure 1). valid data is 
loaded into register A (B, M) on the rising edge of CLK 
A (CLK B, CLK M). Data is valid if present at the input 
for a setup time of at least ts before and a hold time of 
tH after the rising clock edge. 

The summing process is initiated when the comparison 
result between the A register and R latch is clocked into 
the summing network by a rising edge of CLK S. Typi­
cally, CLK A and CLK S are tied together so that a new 
correlation score is computed for each new alignment of 
the A register and R latch. When LOR goes HIGH, the 
contents of register B are copied into the R latch. With 
LOR LOW, a new template may be entered serially into 

8 

82, 87 Package Pins C3 Package Pins 

16 19, 20 

1 1, 2 

7 9 

8 10 

21 25 

22 26 

23 27 

24 28 

5 7 

6 8 

2 3 

3 4 

4 6 

9, 10, 11, 12, 13, 14, 15 11, 12, 13, 14, 15, 16, 17 

17 21 

18 22 

19 23 

20 24 

None 5, 18 

register B, while parallel correlation takes place between 
register A and the R latch. In the case of continuous 
correlation, LOR is held HIGH so that the R latch con­
tents continuously track those of the B register. 

The summing network consists of three pipelined stages. 
Therefore, the total correlation score for a given set of A 
and B register contents appears at the summer output 
three CLK S cycles later. Data on the output pins IOo-6 
is available after an additional propagation delay, denoted 
to on the timing diagram (Figure 1 ). 

The correlation result is compared with the contents of 
the threshold register. TFLG goes HIGH if the correlation 
equals or exceeds the threshold value. TFLG is valid after 
a delay of to (ns) from the third CLK S rising edge. 

TRW LSI Products Inc. 
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Figure 1. Continuous Correlation 
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Cross Correlation 

When LOR goes HIGH, the B register contents are 
copied into the reference latch (R latch). This useful 
feature allows correlation to take place between data in 
the R latch and the A register while a new reference is 
being serially clocked into the B register. If the new 
reference is n bits long, it requires n rising edges of CLK 
to load this data into the B register. For the timing 
diagram (see Figure 2 ), n = 64. LOR is set HIGH during 
the final (nth) CLK B cycle, so that the new reference 
word is copied into the R latch. The minimum LOW and 
HIGH level pulse widths for LOR are shown as tpwL (ns) 
and tpwH (ns), respectively. 

After the new reference is loaded, the data to be 
correlated is clocked through the A register. Typically, 

Figure 2. Cross-Correlation 

TS= LOW 
AIN = PRELOADED 
T REGISTER PRELOADED 

TRW LSI Products Inc. 

LOR = HIGH 
TS = LOW 
BIN = REFERENCE 
T REGISTER PRELOADED 

to 

FN - 1 FN 

CLK A and CLK S can be tied together. This allows a 
new correlation score to be computed for each shift of 
the A register data relative to the fixed reference word 
in the R latch. The digital summer is internally 
partitioned into three pipelined stages. Therefore, a I:. 
correlation score for a particular alignment of the A \;111111111 
register data and the R latch reference appears at the 
summer output three CLK S cycles later. After an 
additional output delay of to (ns), the correlation data is 
valid at the output pins (IOo-61· If this correlation result 
is equal to or exceeds the value in the threshold register, 
then TFLG goes HIGH. TFLG is valid to (ns) after the 
third rising edge of CLK S. 

9 



TMC2023 

Threshold Register Load 

The timing sequence for loading the threshold IT) register 
is shown in Figure 3. The T register holds the 7-bit 
threshold value to be compared with each correlation 
result. The rising edge of CLK T loads the data present 
on the IOo-6 pins into the T register. T flag logic is 
pipelined 3 stages, with the summer. The new value 
loaded into the threshold register will affect the TFLG on 
the third CLK S !plus an output delay to) following the T 
register load. 

The output buffers must be in a high-impedance state 
!disabled) when the T register is programmed from an 

Figure 3. Threshold Register Load 

CLK A 
CLK S 

TS 

xxxx AN 

t=tms 

CN 

XfXX. 

CN+l 

~~ 

external source. After a delay of to1s Ins) from the time 
TS goes HIGH, the output buffers are disabled. The data 
pins IOo-6 may then be driven externally with the new 
threshold data. The data must be present for a setup 
time of ts Ins) before and tH Ins) after the rising edge 
of CLK T for correct operation. The minimum LOW and 
HIGH level pulse widths for CLK T are shown below as 
tpwL Ins) and tpwH Ins), respectively. 

After TS is set LOW, there is an enable delay of tENA 
Ins) before the internal correlation data is available at 
pins 100-6· 

CN+2 CN+3 CN+4 

AN+2 xxxx AN+3 xxxx AN+4 

IOo-6 
OUT 

SN-4 SN-2 SN-1 SN SN+l 

BIN = REFERENCE 
LOR = HIGH 

Invert Control Timing 

Most applications will hardwire the INVert control HIGH 
or LOW depending on system requirements. In the few 
situations in which the control is used dynamically, the 
user must observe special timing constraints. 

Because INVERT governs logic located between the 
master and slave latches of the data output register, its 
setup and hold requirements differ from those of the 
data and other controls. The device will respond to 
changes on INV whenever CLOCK is HIGH and will 
ignore it when CLOCK is LOW To minimize the data 
output delay and to avoid inducing errors, the user 

10 

FN x FN+1 

/ 
NEW THRESHOLD 

should observe the following timing constraints: 

1) Set INVERT to the desired state for the next out­
put on or before the rising edge of CLOCK !Figure 
4 ). If INVERT is asserted a few nano-seconds after 
the rising edge, the data output may be corre­
spondingly delayed. 

2) More importantly, keep INVERT in the desired state 
until after the falling edge of CLOCK, to avoid cor­
rupting the output data. If INVERT is changed sev­
eral nanoseconds before the falling edge of CLOCK, 
the data will likewise change. If it is changed just 
before the falling edge, an indeterminate output 
may result. 

TRW LSI Products Inc. 
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Figure 4. Invert Control Timing 

''"' 1 r......___ 
INV ~~--V-Al-10--= 

Mask Register 

In addition to the A and B shift references, the 
TMC2023 has another independently clocked register 
the M, or mask register. The M register functions identi­
cally to the A and B register, except that its parallel out­
puts are ANDed with the exclusive-ORed outputs from 
the A register and R latch. 

Many uses of the TMC2023 digital correlator require dis­
abling the correlation between certain bit positions (Ai 
ilnd Ril of input words A and R. While correlation data 
1s being clocked into the A and/or B register, a mask 
word may be entered into the M register. Where no 
comparison is to be made, zeroes are entered in those 
M register positions. The exclusive-OR result between 
oach bit position is ANDed with a bit from the M regis­
ter. Thus, if a particular mask bit (Mj) is zero, the output 
correlation between A and B for that bit position will be 
disabled. Consequently, a zero correlation is presented to 
lhe digital summer for each masked bit position. 

fhe Mask register is useful for changing correlation word 
length and location within the registers. Where a word is 
undefined or no correlation is to take place, the M regis­
ter should contain zeroes. 

fhe M register is useful for building logic functions. Note 
that for each bit Ai and Ri, the correlation logic is: 

Ai + Ri AiRi + AiRi (Ai exclusive-OR Ril 

This result is complemented at the input of the AND 
gates and ANDed with the mask bit (Mil resulting in: 

[Ai Ri + AiRil • Mi 

The last step, performed in the digital summer, is to sum 
the above result over all bit positions simultaneously for 

TRW LSI Products Inc. 

a correlation at time K: 

n 

where: 

C(K) = ~ [AiRi + AiRil • Mi 
i=1 

i= 1, 2, 3. .. 
n =correlation word length 

Figure 5. Equivalent Input Circuit 

n SUBSTRATE 

01 

p+ 

CONTROL O--"'.AA,....--+­
INPUT 
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n+ 

02 

p WELL 

-::- GNO 

Figure 6. Equivalent Output Circuit 

Yoo 

n SUBSTRATE 

Figure 7. Threshold Levels for Three-State 
Measurements 

TS 
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1DIS 0.5V 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage . 

Input Voltage 

Output 

Temperature 

Applied voltage 2 

Forced current 3.4 

Short-circuit duration (single output in HIGH state to ground) 

Operating, case .. 

junction ................... . 

Lead, soldering (10 seconds) .. . 

Storage 

. . . . - 0.5 to + 7.0V 

- 0.5 to 1v00 + 0.5JV 

-0.5 to 1v00 + 0.5JV 

- 3.0 to + 6.0mA 

1 Second 

-60 to + 130°C 

175°C 

. 300°c 

-65 to +150°C 

Notes: 1. Absolute maximum ratings are limiting values applied rnd1v1dually while all other parameters are within spec1f1ed operating conditions. 
Functional operation under any of these conditions is NOT 1mpl1ed. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3 Forcing voltage must be l1m1ted to specified range 

4. Current is specified as conventional current flowing rnto the device. 

Operating conditions 

Temperature Range 

Standard 
-1 -1 

Parameter Min Norn Max Min Norn Max Min Norn 

Voo Supply Voltage 4.75 5.0 5.25 4.75 5.0 5.25 4.5 5.0 

tpwL Clock Pulse Width, LOW 12 15 14 

CLK A, B, M, S, T, LDR 

tpwH Clock Pulse Width, HIGH 12 15 14 

CLK A, B, M, S, T, LDR 

ts Data Input Setup Time 8 12 10 

tH Data Input Hold Time 0 0 0 

VIL Input Voltage, Logic LOW 0.8 0.8 

V1H Input Voltage, Logic HIGH 2.0 2.0 2.0 

VIHC Input Voltage, Logic HIGH 2.0 2.0 2.4 

A, B, M, S CLKs 

loL Output Current, Logic LOW 4.0 4.0 

loH Output Current, Logic HIGH I -2.0 -2.0 

TA Ambient Temperature, Still Air 0 70 0 70 

Tc Case Temperature -55 

Extended 

Max Min Norn 

5.5 4.5 5.0 

15 

15 

14 

0 

0.8 

2.0 

2.4 

4.0 

-2.0 

125 -55 

12 TRW LSI Products Inc. 

Max Units 

5.5 v 
ns 

ns 

ns 

ns 

0.8 v 
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DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min 

looa Supply Current, Quiescent Voo=Max, V1N=OV, TS=5V 5 

loou Supply Current, Unloaded Voo=Max, f=30MHz, TS=5V 30 

l1L Input Current, Logic LOW Voo=Max, V1N=OV -10 -10 

11H Input Current, Logic H!GH Voo=Max, V1N=Voo + 10 

Vol Output Voltage, Logic LOW v00 =Min, loL =Max 0.4 

VoH Output Voltage, Logic HIGH Voo=Min, loH=Max 2.4 2.4 

lozL Hi-Z Output Leakage Current, Output LOW 2 Voo =Max, V1N = ov I -40 -40 

lozH Hi-Z Output Leakage Current, Output HIGH' Voo=Max, V1N=Voo +40 

los Short-Circuit Output Current Voo =Max, Output HIGH, one pin -100 

to ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 

Co Output Capacitance TA=25°C, f=lMHz 10 

Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Due to the 100_6 and T register interconnections. these values are the l1H and Ill of the T register. 

Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard 
-1 

Parameter Test Conditions Min Max Min Max 

FsH Shift-In Clock Rate Voo=Min 30 25 

Fe Correlation Rate Voo= Min 2 30 25 

to Digital Output Delay Voo=Min, CLOAD=40pF 20 24 

tENA Three-State Output Enable Delay Voo=Min, CLoAo=40pF 16 20 

tms Three-State Output Disable Delay Voo=Min, CLOAo=40pF 16 20 

Notes: 1. All transitions are measured at a 1.5V level except for tois and tENA· which are shown in Figure 7. 

2. Synchronous clocking: CLK A=CLK B=CLK M=CLK S. 

TRW LSI Products Inc. 

Extended 
-1 

Min Max Min 

30 25 

30 25 

23 

20 

18 

Max 

10 

35 

+10 

0.4 

+40 
-100 

10 
10 

Max 

25 

25 

24 

Units 

mA 

mA 

p.A . 
I-'" 

v 
v 

p.A 
p.A 

mA 

pF 

pF 

Units 

MHz 

MHz 

ns 

ns 
ns 
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Application Notes 

The TMC2023 can be cascaded to implement correla­
tions of more than 64 bits. Typically, all clocks are tied 
together and the A, B, and M outputs of preceding 
stages are connected to the respective inputs of sub-

Figure 8. Cascading for Extended-Length Correlation 

sequent stages. An external summer is required to 
generate the composite correlation score. Use of the T 
register and TFLG require additional hardware for this 
configuration. 

CLK A --'------<>-----------""'---------------. 
CLK B ----->--If-------~~-~-;------------, 

CLK M -----4--"1-------------<-+-+--------~ 

INPUT 
DATA 

TMC2023 
#1 

Aour ,__ ___ .., A1N 

Bour B1N 

IDo-6 Mour 1-----.... M1N 

TMC2023 
#2 

TMC2023 
#N 

100-6 ..._ __ T"'T" __ __, 

When comparing a multi-bit word to a single-bit 
reference, the outputs from the individual correlators 
must be appropriately weighted. This weighting reflects 

Figure 9. Multi-Bit x 1-Bit Correlation 

INPUT 
DATA 
WORD 

REGISTER 

A1N 

BIN 

A1N 

B1N 

A1N 

BIN 

A1N 

BIN 

A1N 

BIN 

TMC2023 
#1 

TMC2023 
#2 

TMC2023 
#3 

TMC2023 
#4 

TMC2023 
#N 

The correlation of two multi-bit words requires evaluating 
the term: 

14 

SUMMER 

log2 N+7 

the relative importance of the different bit positions. 
Normally simple shifts (division by 2, 4, 8, ... ) provide the 
required weighting. 

+2 

+4 

+8 

SUMMER 

N 

CORRELATION 
OUTPUT 

R(M) = E h(n) • (M+n) 
n=1 

An example of two 3-bit words is shown in Figure 10. 
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Figure 10. Multi-Bit Correlation 
Xz IMSBJ 

CORR 

Yz IMSBJ --+-----.. __ ™_c_202_3 ..... 

TMC2023 

DIGITAL SUMMER 

CORRELATION 
OUTPUT 

TMC2023 

Xo 

A1N CORR 

MIN TMC2023 

AJN CORR 

M1N TMC2023 

AJN 

MJN 

Standard Military Drawing Nearest Equiv. 
SMD TRW Product Speed 

These devices are also available as products manufac-
5962-89711-0lJA TMC2023B7V 25MHz tured, tested, and screened in compliance with Standard 

Military Drawings (SMDs). The nearest vendor equivalent 5962-89711-02JA TMC202387V1 30MHz 

product is shown below; however, the applicable SMD is 5962-89711-01 LA TMC2023B2V 25MHz 

the sole controlling document defining the SMD product. 5962-89711-02LA TMC2023B2V1 30MHz 
5962-89711-013A TMC2023C3V 25MHz 
5962-89711-023A TMC2023C3V1 30MHz 

Ordering Information 

Product Temperature Range Screening Package 
Number 

TMC2023B2C STD-TA= 0°c to 70°C Commercial, 25MHz 24 Pin CERDIP 

TMC2023B2V EXT-Tc= -55°C to 125°C MIL-STD-883, 25MHz 24 Pin CERDIP 

TMC2023B2C1 STD-TA=0°C to 70°C Commercial, 30MHz 24 Pin CERDIP 

TMC2023B2V1 EXT-Tc= -55°C to 125°C MIL-STD-883, 30MHz 24 Pin CERDIP 

TMC2023B7C STD-TA=0°C to 70°C Commercial, 25MHz 24 Pin CERDIP 

TMC2023B7V EXT-Tc= -55°C to 125°C MIL-STD-883, 25MHz 24 Pin CERDIP 

TMC2023B7C1 STD-TA=0°C to 70°C Commercial, 30M Hz 24 Pin CERDIP 

TMC2023B7V1 EXT-Tc= -55°C to 125°C MIL-STD-883, 30MHz 24 Pin CERDIP 

Package 

24 Pin CERDIP 0.6" Wide 

24 Pin CERDIP 0.6" Wide 
24 Pin CERDIP 0.3" Wide 

24 Pin CERDIP 0.3" Wide 

28 Contact Chip Carrier 
28 Contact Chip Carrier 

Package 
Marking 

2023B2C 

2023B2V 

2023B2C1 
2023B2V1 

2023B7C 

2023B7V 

2023B7C1 

2023B7V1 

TMC2023C3V EXT-Tc= -55°C to 125°C MIL-STD-883, 25MHz 28 Contact Hermetic Ceramic Chip Carrier 2023C3V 

TMC2023C3V1 EXT-Tc= - 55°C to 125°C MIL-STD-883, 30MHz 28 Contact Hermetic Ceramic Chip Carrier 2023C3V1 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100 % testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2220/TMC2221 

CMOS Programmable Digital Output Correlators 
4 x 32 Bit, 20MHz 
1x128 Bit, 20MHz 

The TMC2220 20MHz, TTL compatible CMOS correlator 
is c;omposed of four separate i x 32 correiator modules. 
The correlation scores of the four modules are weighted, 
combined and output on two separate parallel. three­
state ports. 

Each module contains a 32-bit serial data register, a 
32-bit serial reference preload register, a 32-bit parallel 
reference latch and a 32-bit parallel mask latch. 
Correlation is performed by 32 exclusive-NOR (XNORI 
gates. Each XNOR gate compares one (single bitl data 
word against a corresponding (single bitl reference word. 
While correlation is being performed between the data 
and the present reference, the next reference pattern 
may be preloaded through one of two multiplexed input 
ports. Shorter sampling windows and bipolar correlation 
are also supported. Each module outputs a 6-bit binary 
correlation score. Either an unsigned (range 0 through 
321 or bipolar (range -16 through + 161 representation 
may be selected. The outputs of each pair of correlator 
modules is added, with user-selected weighting factors, 
producing intermediate correlation scores which can be 
combined or output directly to the main or auxiliary 
output ports. 

Since the four modules can be cascaded serially or in 
parallel. the TMC2220 supports numerous single and 
dual channel applications involving 1, 2 or 4-bit wide 
data and window lengths up to 32, 64, 96 or 128 bits. 
Multiple devices can be combined to support large 
correlation operations. 

The TMC2221 combines the four 32-bit modules in 
series for a fixed channel configuration of 1-bit by 128. 
The reduced complexity and package size of the 
TMC2221 is ideal for applications requiring less versatility 
than the TMC2220. By making use of the mask function, 
any size single channel length of up to 128 bits is 
possible. 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

With the TMC2221. the reference word is serially loaded 
through the single two-input multiplexed reference port 
of the first correlator module. Although the configuration 
is fixed, the reference loading process and basic 
operation for each module is similar to that of the 
TMC2220. The outputs are summed with equal 
weighting, and the result is output through the single 
8-bit output port. Unsigned magnitude or two's 
complement (bipolarl output score may be selected. 

Features 
• 20MHz Continuous Correlation Rate 
• Fully Programmable Masking 
• Two's Complement Or Unsigned Magnitude Correlation 

Score 
• User-Programmable Reference Load Multiplexing 
• Channel Weighting And Output Formatting (TMC22201 
• Multi-Bit, Dual-Channel Or Non-Coherent (Quadraturel 

Correlation (TMC22201 
• Single + 5V Power Supply 
• Low Power CMOS Construction 
• Three-State TTL Compatible Outputs 
• TMC2220 Available In 68 Pin Grid Array And 69 Pin 

Plastic PGA Packages 
• TMC2221 Available In 28 Pin CERDIP 

Applications 
• Signal Detection 
• Radar Signature Recognition 
• Secure Communications 
• Robotics/Automated Assembly 
• Automatic Test Equipment 
• Electro-Optical Navigation 
• Pattern And Character Recognition 
• Assembly Line Inspection 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 
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TMC2220 Functional Block Diagram 

r:-r;r;l WEIGHTING 
Wz 0 >------~+l~f------------------------•I DECODER 

o--------------t---t----r-----------~A01 

LDR1 

ex, .. , .. , 
REz-o 

.. , 
•z 

LDRz 

ex, . ., .. , .. , 
C1-D COMBINING D"'9-o 

MATRIX DECODER 
MAIN 
OUTPUT 

MQDUU3 li!M PORT . ., ., 
LDR3 

ex, AD3 .. , 
803 

..,_, 
AUXILIARY 

MODULE4 OUTPUT PORT 

"• iiii 

"• 

''" ex, ... ... ... 
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Functional Block Diagram 

3 STAGE 
DELAY 

TMC2220 Pin Assignments 

68 Pin Grid Array - GB Package 
69 Pin Plastic Pin Grid Array - HB Package 1 

Pin Name Pin Name Pin Name Pin Name 

B2 DA1 K2 GNO KlO RE2 610 LDR4 

Bl DAo L2 Voo Kll Al2 AlO AE4 

C2 DMa K3 GNO JlO 6Y2 B9 LDR3 

Cl DM1 l3 OEM Jll 6X2 A9 AE3 

02 DM2 K4 W1 HlO Al1 68 OOi 
01 DM3 l4 w, Hll 0v, A8 Voo 
E2 OM4 K5 Wa GIO 0x, 67 A04 
El DM5 l5 c, Gil GNO A7 B04 
F2 Voo K6 Ca FIO CLK 66 A03 
Fl OM5 L6 TC Fil GNO A6 B03 
G2 DM7 K7 LM ElO BY3 B5 DA7 
GI OM9 L7 LDR1 Ell BX3 A5 DA5 
H2 DM9 K8 AE1 010 Al3 B4 DA5 
HI so, l8 LDR2 011 6Y4 A4 DA4 
J2 AD1 K9 AE2 cm BX4 B3 DA3 
JI BD2 l9 REo Cll Al4 A3 DA2 
Kl AD2 LIO RE1 Bll Voo A2 GNO 

Note: 1. Pin 04 1s a mechanical orientation pin on the HS package at 
manufacturer's option. 
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AO 

MODULE l MODULE 3 MODULE 4 

BO 

OEM 

L K J H G F E D C B A TMC2221 Pin Assignments 
1:i 1:1 () (11:) 1:1C,11-:,1 C' -~-:.....-Key 

2 Ci 11~1 C> r:, C1 (.1 C1 (J (.l 1V1 () 
3 <=) '~ -, (=-/ (1 
4 (:1 (=1 

5 1 .... JC1 
6 (~. 1 0 
7 ('11-=.1 
8 1-, 1~J 

Top View 
Cav11y Up 

((IJ 0 0 0 0 0 0 0 ((IJ 

0 0 0 0 0 0 0 0 0 0 0 10 
0 0 0 0 9 
0 0 0 0 

TOP VIEW 
CAVITY UP 

0 0 ~KEY 0 0 
00000000000 z 

000000000 

ABCOEFGHJKL 
21044A 

LDR 28 LM 
AE 27 TC 

RE1 26 DEM 
GND 25 GND 
RE2 24 GND 

Al 23 DM7 
GND 22 Vaa 
CLK 21 DM5 
BY 9 20 DM5 
BX 10 19 DM4 

Yoo 11 18 DM3 
AD 12 17 DMz 
BO 13 16 · DM1 
NC 14 15 DMo 

28 Pin CERDIP - 86 Package 
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Functional Description 

General Information 

The TM C2220 consists of four independent 1 x 32 correlator 
channels with weighted correlation scores which are combined 
and output on the two output ports !main and auxiliary). By 
taking advantage of the instruction set and 1/0 structure, the 
TMC2220 can be adapted to a wide variety of applications. 

The TMC2221 consists of the four 1 x 32 correlator modules 
cascaded internally for a single 1 x 128 correlator. The outputs 
of each module are given a unity weighting, summed and 
placed on the output port. 

Correlator Channel Modules 

Each of the four modules Ii ~ 1 to 41 contains two 32-bit 
serial synchronous shift registers, Ai !data) and Bi !reference 
preloadl; two 32-bit parallel latches, Ri !reference) and Mi 
lmaskl; 32 exclusive-NOR gates; 32 AND gates; a 32-bit 
parallel binary counter with a 6-bit unsigned output and a 
defeatable half-scale 1-161 subtractor with a 7-bit two's 
complement output. 

Whenever a given Ai or Bi register is enabled, the next rising 
edge of the clock loads the value at the corresponding Ai or 
BXi/BYi input port into the first cell of the register, and shifts 
the contents of each cell to the next, overwriting the contents 
of the last cell. These serial-in, parallel-tapped registers form 
the first of six registers which account for the six internal 
delays. After an output buffer delay to, the new contents of 
the last cell of Ai and Bi become available at the outputs AOi 
and BOi respectively. These outputs are used for cascading 
multiple devices. In addition, the Bi input multiplexer selects 
which of two input ports, BXi or BYi, is to be used on that 
cycle. 

The reference latch Ri tracks the contents of Bi when control 
LDRi was HIGH on the previous cycle and holds when LDRi 
was LOW. A HIGH on LDRi transfers the contents of Bi in 
parallel into Ri on the next clock cycle where correlation takes 
place. When LDRi is held HIGH, Ri is transparent, enabling 
direct correlation between Ai and Bi. 

Each of the 32 outputs of Ri is correlated against the 
corresponding tap of Ai by an XNDR gate whose output is 
connected to both the masking AND gate and the masking 
latch Mi. 

Each Mi tracks if LM was HIGH on the previous cycle and 
holds if LM was LOW. When LM is held HIGH, all Mi latches 
are transparent and the output of each XNDR gate is sent to 

both inputs of the corresponding AND gate to prevent masking 
or disabling from occurring. A LOW on LM loads the next 
unmasked correlation pattern !from the XNOR gates) into each 
Mi. Wherever the latch holds a logic one, normal correlation is 
enabled; wherever it is a logic zero, correlation is masked by 
the AND gate. 

A 32-bit parallel counter encodes the number of logic ones 
emerging from the AND gates as a 6-bit binary number 
between 0 and 32 11000001. The clock drives the two pipeline 
registers in the counter lthe second and third registers in the 
six register pipeline). 

The 6-bit unsigned binary output of each parallel counter then 
enters a half-scale subtractor where it passes unchanged if 
the pipelined control TC is LOW and is reduced by 16 if TC is 
HIGH. If TC is HIGH, the range of correlation scores becomes 
-16 through + 16 where + 16 denotes a perfect match 
between the contents of Ai and those of Ri with no masking. 
A score of -16 denotes that no unmasked data bit matches 
the corresponding reference bit !anti-correlation). The TC 
control is pipelined by 3 registers, such that it is aligned with 
new data entering the Ai or Bi register. 

Weighting and Merging Circuitry 

On the TMC2220, the 7-bit two's complement output of each 
correlator module 101, 02, 13, 14) is multiplied by a factor of 0, 
1, 2, 3, 4 or 5 according to controls W2-o. The outputs of 
each pair of multipliers is then added and the results 0 and I 
are loaded into the fourth pipeline register. 

Following two additional pipeline delays from the fifth and 
sixth registers, correlation sum I is available on the TMC2220 
at the 8-bit auxiliary output port, DA7-o, if the buffer is 
enabled IDEA ~ LDWI. 

Under controls C 1-0· the TM C2220 combiner blends 0 and I 
into a single final correlation score which is sent to the 10-bit 
main output port, DMg-o, if OEM is LOW. The combiner 
pipeline register stage 5 and the main output register stage 6 
are balanced by the auxiliary port double output register. In the 
simplest mode, the combiner outputs correlation sum 0 
permitting the TMC2220 to be used in two separate correlator 
channels. In this application, the combined results from 
modules 1 and 2 emerge through DMg_o while the results 
from modules 3 and 4 emerge through DA7-0· In the three 
remaining modes, the output at the main port will reflect the 
correlations of all four modules. 
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In the second mode, the combiner outputs the unweighted 
sum, Q + I. In the third mode, it outputs the weighted sum, 
Q + 112, for single channel binary applications. In the fourth 
mode, the combiner extracts the absolute values of Q and I 
and adds the greater magnitude value to one half of the lesser 
value. This final mode is an approximation of the Pythagorean 
vector magnitude formula: 

M = 1x2 + y2)1/2 

The TMC2220 contains a total of five pipeline registers plus 
the data and reference preload shift registers making the total 
delay six clock cycles. Instructions and data paths are pipelined 
so the instructions presented on a given clock cycle apply to 
the value entering registers Ai and Bi. Instructions RE, LM, 
LOR and AE, all of which enable registers or latches, must be 
set one cycle early lsee timing diagram). 

Signal Definitions 

Power 

Voo. 
GND 

Inputs 

Al1-4 

Outputs 

AD1-4 

The TMC2220/TMC2221 operate from a single 
+ 5V power supply. All power and ground pins 
must be connected. 

Each data input is a single-bit serial input to 
the Ai register of each correlator module. 

The main, BXi, and alternate, BYi, reference 
preload inputs to the Bi register of each 
correlator module are selected by controls 
RE2-0 

Each cascade data output is a single-bit serial 
output from the Ai register of each correlator 
module. 

Each cascade reference preload output is a 
single-bit serial output from the Bi register of 
each correlator module. 

The 10-bit main correlation output ITMC2220 
only! is a combination of the four module 
output scores, G1, 02, 13, 14, which are 
dependent on the W2-o weighted adder and 
C1-0 combining matrix controls. The main 
output port is enabled by OEM. 

TRW LSI Products Inc. 

For the TMC2221, the correlation score of each module is 
passed unchanged ITC = LDWI or reduced by sixteen 
ITC = HIGH). Each module score is given a unity weighting 
then sent to the combining matrix where the four scores are 
added and output on the 8-bit data bus if DEM is LOW. 

In magnitude mode ITC = LOW) and masking disabled, a 
perfect match between the data and reference will produce a 
correlation score of 128 110000000g) and correlation score of 0 
shall 1nd1cate no matches 1ant1-correlat1onl. In two's 
complement mode ITC = HIGH), perfect correlation will 
produce a score of 64 I01000000gl and anti-correlation shall 
have an output of -64 111000000gl. A total of five register 
delays plus the input register cause the result to be available 
on the sixth clock cycle after the loading of the input data. 

The TMC2220 10-bit output format is: 

I 1• I 11 I 16 I 1' I 14 I 13 I 11 I 11 I 1° I. 1-1 I if TC is LOW 

l-1•l 11 I15 l 15 l 14l 13 l 11I11 l 1°l.1-1 I if TC is HIGH 

The TMC2221 has an 8-bit correlation output 
DM7 _o which always outputs the sum: 

Where each term is either unsigned magnitude 
or magnitude minus 16 depending on the TC 
control. The TMC2221 8-bit output format is: 

DMo 

I 11 I 1s I 15 I 14 H 11 I 11 I 10 I if TC is LOW 

kl 1• I 1s I 14 I 1J I 11 i 11 I10 I if TC is HIGH 

ITMC2220 only) The 8-bit auxiliary correlation 
output is the sum of two module output scores, 
13 and 14, which are dependent on the W2-o 
weighted adder controls. The auxiliary output 
port is enabled by DEA. 

The 8-bit binary output format is: 

I 11 I 1• I 15 I 14 I 1J I 11 I 11 I 1° I if TC is LOW 

kl 1• I 1s I 1•l1J I 11I11 I101 if TC is HIGH 
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Clocks 

CLK The clock for Ai data and Bi reference preload latches Mi. If no masking is required, LM is 
registers can be toggled at up to 20MHz. All kept HIGH, making Mi transparent. 
registers are strobed on the rising edge of CLK 
and dependent on the registered enable controls, DEA ITMC2220 only) The asynchrnnous output enable 
AEi for the Ai registers, and RE2-0 for the Bi for_ the auxiliary output po~A]-Q, is an 
registers. The pipeline delay registers for the active LOW control. When DEA is HIGH, the 
controls, W2-o. C1-o ITMC2220 only) and TC output is in a high-impedance state. 
are also strobed on the rising edge of CLK. 

OEM The asynchronous output enable for the main 
Controls output port, DMg_o IDM7 _o on the TMC22211, 

AE1-4 The clock enable for the four Ai data registers 
is an active LOW control. When OEM is HIGH, 

is a registered, active HIGH control. When AEi is 
the output is in a high-impedance state. 

LOW on the previous cycle, no shifting of data 
RE2-0 The encoded clock enable and load selector 

occurs on Ai. AEi is read on the rising edge of 
CLK, thus the shifting of data in Ai will occur 

controls determine the various combinations of 

on the next rising edge of CLK. BXi and BYi reference inputs that may be 
selected for the four reference preload registers 

C1-0 ITMC2220 onlyl These pipelined instructions Bi. The Bi register clocks may also be 

select the function to be executed by the 
selectively enabled. Like LOR, LM and AEi, this 

combining matrix and output through the main control is delayed by one clock cycle. IRE2-1 

output port, DMg_ 0_ used on the TMC2221 to select BX or BY.I See 
Table 1. 

LDR1-4 The Load Reference control copies the contents 
TC of register Bi into latch Ri for correlation. If The Two's Complement control forces the 

LDRi was LOW on the previous clock cycle, the outputs of the four correlator modules to be 

present contents of the latch remain in Ri. If unipolar 10 to 321 or bipolar 1-16 to + 161. When 

LDRi was HIGH, Ri is transparent and the Bi TC is LOW, the outputs of the correlator 

are values used in the current correlation. modules are passed unchanged to the weighting 
c1rcu1try. When TC is HIGH, 16 is subtracted 

LM The Load Mask control allows the user to mask from each correlator output which is then 

or select "no compare" bit positions in each interpreted as a two's complement value. 

channel. Inputs shifted into Ai and Bi produce a 
W2-0 ITM C2220 only) The weighted adder controls correlation pattern as the desired mask. Control 

LM must be HIGH on the previous cycle to determine the relative weightings of the four 

track and LOW to store the pattern in the mask correlation module scores. 
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TMC2220 Package Interconnections 

Signal Signal 
Type Name Function GB. HB Package Pins 

Power vDD Supply Voltage F2, L2, Bll, AB 

GND Ground K2, K3, Gll, Fll, A2 

Inputs All-4 Data Input HlO, Kll, DlO, Cll 
Bx1_4 Main Reference Preload GlO, Jll, Ell, ClO 

BY1-4 Alternate Reference Preload H11 JlO, E10. 011 

Outputs AOl-4 Data Output J2, Kl, BB, B7 
Bo1_4 Reference Preload Output Hl, Jl, AB, A7 

OM9_0 Main Port H2, Gl, G2, Fl, El, E2, 01, D2, Cl, C2 

DA7_0 Auxiliary Port B5, A5, B4, A4, B3, A3, 82, Bl 

Clock CLK Master Clock FlO 

Controls AEl-4 Register Clock Enable KB, K9, A9, A 10 

C1-o Combining Matrix L5, KB 

LOR1-4 Reference Load L7, LB, B9, BlO 

LM Mask Load Kl 

OEA Auxiliary Port Output Enable BB 

OEM Main Port Output Enable L3 

RE2-o Reference Load Select KIO, LlO, L9 

TC Two's Complement LB 

W2-o Module Weighting Factor K4, L4, K5 

TMC2221 Package Interconnections 

Signal Signal 
Type Name Function 86 Package 

Power Voo Supply Voltage 11, 22, 

GNO Ground 4, 7, 24, 25 

Inputs Al Data Input B 
BX Main Reference Preload 10 

BY Alternate Reference Preload 9 

Outputs AO Data Output 12 

BO Reference Preload Output 13 

OM7_0 Main Port 23, 21, 20, 19, lB, 17, lB, 15 

Clock CLK Master Clock B 

Controls AE Register Clock Enable 2 

LOR Reference Load 1 

LM Mask Load ...c:::_ 2B 

OEM Port Output Enable 2B 

RE2-1 Reference Load Select 5, 3 

TC Two's Complement 27 

No Connection NC 14 
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Table 1. Reference Preload Register Input and Enable 
Operation 

REi 
Controls 

REz-o 
000 

001 

010 

011 

100 

101 

110 

111 

Notes: 

Selected Reference 
Port (TMC2220l 

1 z 3 

Dis Dis Dis 

Dis Dis Dis 

Dis Dis BY3 
Dis Dis BY3 

BX1 BXz BX3 

BY1 BXz BX3 

BY1 BXz BY3 

BY1 BYz BY3 

l Dis ~ 81 register disabled (hold model. 

2. LSB IREol not used on the TMC2221 

Selected Reference 
Port (TMC2221) 

4 

Dis Dis 

BX4 

BX4 BY 

BY4 

BX4 BX 

BX4 

BX4 BY 

BY4 

Table 2. Module Weighting Factor Operation 
(TMC2220 Only) 

Wi Controls Internal Channel Configuration 

Wz-o 0 

000 01 + Oz 13 + 14 

001 301 + Oz 313 + 14 

010 401 + Oz 413 + 14 

011 Oz 14 
100 01 13 
101 301 + ZOz 313 + Zl4 

110 401 + ZOz 413 + Zl4 

111 501 + ZOz 513 + Zl4 

Table 3. Combining Matrix Operation (TMC2220 Only) 

Ci Controls 

C1-0 

Main Output Port Function 
DMg_o 

00 

01 

10 

11 

Notes: 

24 

Q 

0 + l/Z 

Q + I 

Max (IOI, 1111 + 1/Z Min (iOI. 11111 

1. The larger magr11tude value of Q or I plus one-half of the smaller 
magnitude value 

2. The TMC2221 always outputs the sum 01 + 02 + 13 + 14. 

Sliding Correlation Timing 

The TM C2220 and TM C2221 have a six register pipeline. There 
are registers for the input data and reference, parallel counter, 
weighting circuitry, combining matrix, and output. CLK is used 
to load all Ai, Bi and instruction pipeline registers. With the 
register controls enabled, a data or reference word is loaded 
into its respective Ai or Bi register on every rising edge of 
CLK. Data AN enters register Ai on the rising edge of clock 
CN. The reference latch is static if the previous LDRi was 
LOW or tracks Bi if LDRi was HIGH. If reference preload is 
not desired, holding control LDRi HIGH makes latch Ri 
transparent and direct correlation between Ai and Bi occurs. 
Data is valid if present at the input for a setup time ts before 
and a hold time tH after· the rising clock edge. Setup and hold 
time requirements also apply to instructions and controls, 
however, AE, LOR, LM and RE must be valid one cycle before 
taking effect. 

Because of the six internal pipeline delays, the correlation 
score for a given set of Ai and Bi register contents appears at 
the output ports six clock cycles plus an output delay to later. 
When the main and auxiliary ITMC2220 only) output ports are 
enabled IDEM = LOW and lJEA = LDWI, the correlation score 
ON of data window AN-31 through AN is output after rising 
clock edge CN +5 IAN -127 through AN on the TMC2221 I. 
Instructions TC, W and C are registered and pipelined so that 
the instructions will be aligned with the data. The instructions 
IN (see timing diagram) which are loaded on rising clock edge 
CN apply to a correlation between data and reference words 
N-31 IN-1271 through N. Masking is assumed to be preset 
(previous LM = LOW) or unused (previous LM = HIGH). The 
same timing applies if the reference is shifting and data is 
fixed. 
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Figure 1. Sliding Correlation Timing 

CLK 

.. 
REGISTER CLOCK ---t-----./1 

DM9_0.DA7_0 ----------------------------~ -I c--~ 
i!EM,OEJ\------------------------t~ ===; -p:= 

Reference Register Load Timing 

The HIGH on LORi transfers the contents of Bi in parallel into 
Ri in the next clock period. Ri tracks Bi when control LORi is 
HIGH and holds when LORi 1s LOW. N rising edges of CLK are 
required to load N reference words into the reference preload 
register Bi. The rising edge of clock CN loads reference word 
BN so that Bi contains words BN-31 through BN. 

Figure 2 illustrates the LORi instruction timing to transfer 
reference window BN-31 through BN into the reference latch. 
With this timing, correlation against the' old reference pattern is 
preserved during the "LOR" clock cycle and that correlation 
against the new reference pattern BN-31 to BN should 
commence 1mmed1ately after the "LOR" clock cycle. The user 
must meet the normal input setup and hold time requirements 
and setup the instruction one clock cycle before the desired 
transfer. 

Figure 2. Reference Latch Load Timing 

BX1,BY1 

A completely new reference can be loaded into latch R on 
every 32nd clock cycle. With the output ports enabled, the 
correlation score ON !correlation between data AN-31 through 
AN and reference BN-31 through BNI is available an output I':. 
d.elay to after the rising edge of clock CN +5 because of the \;11111 
six register pipeline. 

Operation of the TMC2221 is similar to the operation described 
for the TMC2220 except the length of the reference word is 
128 bits rather than 32. The reference register will therefore 
contain the pattern BN-127 through BN, and correlation occurs 
between this reference and data AN-127 through AN. A new 
reference word therefore requires 128 clock cycles to 
completely load the new value. With the output ports enabled, 
the correlation score ON !correlation between data AN-127 
through AN and reference BN- 127 through BNI is available an 
output delay to after the rising edge of clock CN +5· 

AEz o -'""'~-.::.,~-=rc:.~IC>l>.M._MMJL....JIM!V\__M1'>XlL.J..~0{ .. I ' =><>!'-~ 
BN-J1TOBN x BN 30TOBN~l x----x----x----*==x= 

b ON~~-,,--

1 

~-~x ____ x x ____ x.'"" ___ x\_ ___ x 
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Mask Register Loading 

Control LM latches a mask pattern into Mi which selectively 
disables word positions in each correlator module. Masking 
latch Mi tracks the XNOR output if, on the the previous clock 
cycle, LM was HIGH and holds if LM was LOW. Figure 3 
illustrates the TM C2220 LM timing to latch a mask generated 
by the exclusive NOR of AN-31 through AN with RN-31 
through RN. LM must be set HIGH ts before the rising edge 
of clock CN-1 to load the mask for AN-31 thru AN. LM 
must be set LOW before the next rising edge of CN to ensure 
words N-31 to N remain latched as the mask pattern. A 
completely new mask may be loaded on every 32nd clock 
cycle. However, to permit time for data and reference loading, 

Figure 3. Masking latch Load Timing 

-~··· .. , .. 
mask loading is generally limited to every 64th clock cycle. The 
first correlation score which reflects mask N is output to after 
the rising edge of clock cycle CN + 6· 

Operation of the TMC2221 is similar that of the TMC2220 but 
requires 128 clock cycles to completely load a new mask 
pattern. To permit time to load new data and a new reference 
pattern once the mask is loaded, an additional 128 clock cycles 
is required. Therefore, mask loading is generally limited to 
every 256 clock cycles in the TMC2221. The mask pattern 
loaded will be the exclusive-NOR of AN-127 through AN with 
RN-127 through RN. 

~~ 
.. ~ 

. 4------------
MASK N-1 xzx MASK N tXNOR N-31 TO NI 

x x x x x ·~* •• ~ 
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Applications Discussion Figure 4. Dual 64 x 1 Configuration 

The TMC2220 architecture provides the flexibility for a number 
of configurations. The cascade outputs and the internal 
weighting and adder logic allow a single TMC2220 to be 
configured as four independent 32 -bit correlators, independent 
96-bit and 32-bit correlators, two independent 64-bit 
correlators, or as a single 128 x 1 correlator. The TMC2220 
may also be cascaded serially or in parallel to increase the 
length or width ot correlation. 

To increase the correlation length in a single TMC2220 system, 
the cascade outputs of a module IADi, BDil can be connected 
to the inputs of the next module !Ali+ 1, Bli+ 11. When using 
this configuration, the input enables and load controls should 
be connected together. Figure 4 shows the configuration for a 
dual 64 x 1 correlation. In this application, the outputs of 
module 1 are connected to the inputs of module 2 and the 
outputs of module 3 are connected to the inputs of module 4. 
The weighting logic is set for 1:1 weighting and the combining 
logic is set to output 01 + 02 on the main output OMg-o, 
and 13 + 14 on the auxiliary output DA?-0· 

Figure 5. Cascading the TMC2220 for Extended- Length Correlation 

Figure 5 shows an example of multi-bit correlation with 
extended length. This example shows 4-bit correlation with a 
length of 64-bits. The outputs of the two TMC2220s must be 
externally added to obtain the 64-bit correlation score. The 
weighting and combining of the module correlation scores 
should be set as required by the application. 
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Figure 6. 8-Bit Conelation with the TMC2220 

Figure 6 shows an example of 8-bit, two's complement 
correlation. Two TMC2220s are used in parallel and externally 
summed to obtain the properly weighted correlation score. To 
obtain a properly weighted correlation score, each bit of the 
output must be multiplied by an appropriate binary scaling 
factor. The 8-bit data· input and reference are connected as 
shown. The weighting control of each TMC2220 is set for 4:1 
weighting IW2-o = 0101. This multiplies the upper two bits of 
each TMC2220 by a factor of 4 ID1. 13). The next step is to 
multiply the 2nd and 4th bits I02. 141 by a factor of 2. An 
equivalent operation is to divide the 1st and 3rd bits by 2. This 
operation is accomplished by setting the combining logic to 
output the sum Q + 1/2 IC 1-0 = 01 I. The final output of each 
TMC2220 will be equivalent to: 

Setting the weighting and combining controls as described will 
produce a correlation score with each bit properly weighted 
based on its 4-bit binary position. The final step is to multiply 
the correlation output of the most-significant TMC2220 !bits 
7 -41 by a factor of 16 then combine the outputs of the two 
TMC2220s. This is done using external adder circuitry. 
Multiplication is performed by simply shifting the output lines 
of the upper TM C2220 by four places at the input to the 
adder logic. The output of the summer, therefore, shall give 
the binary weighted correlation score of a quantized 8-,bit 
input. The same circuit can be used with unsigned data if the 
inverter on the most-significant-bit of the reference input is 
omitted. 

DMg_o = 14 x G1I + 12 x 131 + 11 x G2I + 11/2 x 141 

07 

D2 

Do 

REFERENCE 

28 
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Figure 7. Full Complex Correlation with the TMC2220 

Figure 7 is an example of full complex correlation. In this 
example, separate real and imaginary terms are multiplied and 
summed internally to provide a real and imaginary result. This 
method preserves the phase information of the input. Inputs 
are connected as shown in the figure. The imaginary term in 
lmlDI x lmlRI is negated (inverted) for proper sign in the 
summation. The TMC2220 is set for 1:1 IG1 + 02, 13 + 14) 
weighting, two's complement mode, and the combining control 
is set to output Q on the main output and I on the auxiliary 
output. All 32 internal taps are used. 

A simple example would be to find a sine wave in a 
demodulated data stream. The references would be set to: 

RelRI ~ Cos I wt) and lmlRI ~ Sin I wt) 

where, w is the modulation frequency. Each term is set to: 

1 for positive and 0 for negative 

The data inputs are set to: 

RelDI ~ datain x Cos(ftl and lmlDI ~ datain x Sin (ft) 

where, f is the mixer or carrier frequency. 

Figure 8. Complex Correlation with Magnitude Result 

Figure 8 is similar to full complex correlation, however, in this 
example the output is magnitude only. This application is used 
when the phase relationship is not required. The inputs are 
connected as in the previous example, however, rather than a 
full complex output, the outputs are combined internally to: 

Max !IOI, 1111 + 1/2 Min !IOI, 1111 

IC1-o ~ 111 to obtain the approximate magnitude output. 
Multiplying the output by 15/16 will reduce the error in the 
magnitude approximation 
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Figure 9. Cascading the TMC2221 for Extended-length Correlation 

The TMC2221 can be cascaded to implement correlations of 
more than 128-bits. Typically all clocks, reference inputs and 
enables are connected together and the A and B outputs of 

preceding stages are connected to the respective inputs of 
subsequent stages. An external summer is required to generate 
the composite correlation score. 

TC>---------------------------, 

LOR >------'---.--+--------.--+---------, 
LM>------+--+---+--------+--+--+-------~ 

AE>-----+--+--+--+------.--+--+--+-------, 
REz-1 >-----I--+--+--+-----+--+--+--+--+------. 

CLK >----<>--..._..._...._...._-+---o---+--+--+--+--+---~ 

TMC2221 
#1 

AD 

BO BX 

Figure 10. Multi-Bit x 1 Bit Correlation 

BO BX 

TMC2221 
#N 

DMg_o 

The TMC2221 may also be used to compare multi-bit words 
with a single-bit reference. When this is done, the output of 
each TMC2221 must be appropriately weighted to the adder 

circuitry. The weighting reflects the relative importance of the 
different bit positions. Weighting can normally be accomplished 
by simple bit shifts at the input to the summer. 

AIN TMC2221 x2N-1 
BIN #N-1 

INPUT 
DATA REGISTER 
WORD 

A1N TMC2221 x2N-2 
81N #N-2 

A1N TMC2221 xzN-3 SUMMER 

81N #N-3 CORRELATION 
OUTPUT 

A1N TMC2221 xzN-4 
BIN #N-4 

REFERENCE --------1--­
CDDE 

A1N TMC2221 
BIN #0 
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Figure 11. Equivalent Input Circuit 
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Figure 13. Threshold Levels for Three-State Measurements 
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Figure 12. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage ...................................................................................................•............................................................................................................................ -0.5 to 1v00 +0.5Vl 

Output 

Temperature 

Notes 

Applied voltage 2 ............................................................................................................................................................................................ -0.5 to IVoo +0.5Vl 

Forced current3,4 ..................................................................................................................................................................................................... -1.0 to +6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ....................................................................................................... : ............................................................................................. 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Absolute maximum ratings are limiting values applied 1ndiv1dually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2 Applied voltage must be current limited to specified range, and measured with respect to GND 

3. Forcing voltage must be l1m1ted to specified range. 

Current 1s spec1f1ed as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Nom Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Comitions Min Max Min Max Units 

looo Supply Current, Quiescent Voo - Max, V1N - ov. OEM, OEA - 5V 10 10 mA 

loou Supply Current, Unloaded Voo = Max, f - 20MHz, OEM, OEA - 5V 70 80 mA 

Ill Input Current, Logic LOW Voo = Max, VIN - ov -40 -40 µA 

l1H Input Current, Logic HIGH Voo - Max, V1N - Voo +40 +40 µA 

Vol Output Voltage, Logic LOW v00 = Min, loL = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 - Min, loH =. Max 2.4 2.4 v 
1ozL Hi-Z Output Leakage Current, Output LOW v00 = Max, v1N = ov -40 -40 µA 

1oZH Hi-Z Output Leakage Current, Output HIGH Vmi = Max, v1N = Yoo +40 +40 µA 

1os Short-Circuit Output Current Voo = Max, Output HIGH, one pin to ground, -150 -150 mA 

one second duration max. 

C1 Input Capacitance TA = 25°C, f - lMHz 10 10 pF 

Co Output Capacitance TA = 25°C, f • lMHz 10 10 pF 

Note: 
1. Actual test conditions may vary from those shown, but guaran)ee operation as specified. 
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TMC2220/TMC2221 

AC characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
-1 -1 

Parameter Test Conditions Min Max Min Max Min Max Min Max Units 

Fe Clock (Correlation) Rate Voo=Min 20 17 20 17 MHz 

1PWL Clock Pulse Width, LOW Voo=Min 25 30 25 30 ns 

1PWH Clock Pulse Width. HIGH V!)!)=Min 15 15 15 15 ns 

ts Input Setup Time 15 15 17 17 ns 

tH Input Hold Time 0 0 0 0 ns 

to Output Delay Voo =Min, CLOAD = 40pF 25 25 25 25 ns 

1HO Output Hold Time Voo=Max, CLOAD=40pF 3 3 3 3 ns 

1ENA Three-State Output Enable Delay 1 Voo =Min, CLOAD = 40pF 17 17 17 17 ns 

1rns Three-State Output Disable Delay 1 Voo =Min, CLOAD = 40pF 22 22 22 22 ns 

Note: 1. All transitions are measured at a 1.5V level except for trns and !ENA· 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2220G8C STD-TA=0°C to 70°C Commercial, 17MHz 68 Pin Grid Array 2220G8C 

TMC2220G8V EXT - Tc= -55°C to 125°C MIL-STD-883, 17MHz 68 Pin Grid Array 2220G8V 

TMC2220G8C1 STD-TA=0°C to 70°C Commercial, 20MHz 68 Pin Grid Array 2220G8C1 

TMC2220G8V1 EXT - Tc= -55°C to 125°C MIL-STD-883, 20MHz 68 Pin Grid Array 2220G8V1 

TMC2220H8C STD-TA=0°C to 70°C Commercial, 17MHz 69 Pin Plastic Pin Grid Array 2220H8C 

TMC2220H8C1 STD- TA =0°C to 70°C Commercial, 20MHz 69 Pin Plastic Pin Grid Array 2220H8C1 

TMC2221B6C STD- TA =0°C to 70°C Commercial, 17MHz 28 Pin CERDIP 2221B6C 

TMC2221B6V EXT-Tc= -55°C to 125°C MIL-STD-883, 17MHz 28 Pin CERDIP 2221B6V 

TMC2221 B6C1 STD-TA=0°C to 70°C Commercial, 20MHz 28 Pin CERDIP 2221B6C1 

TMC2221B6V1 EXT-Tc= -55°C to 125°C MIL-STD-883, 20MHz 28 Pin CERDIP 2221B6V1 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right ta 
change products and specifications without notice This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed far use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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Correlators 
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Vector Arithmetic/Filters 

Vector processing, also know as systolic processing, operates in parallel on an array of data, or on a 
data stream. Very high processing throughput rates are thus achieved. 

TRW's vector processors include FIR filters (the TDC1028, TMC2242, and TMC2243), which all 
operate at video word rates. The TMC2246 Image Filter supports fast pixel manipulation of a 1 or 
2-dimensional picture. The TMC2249 is ideal for mixing two digital video streams, while the TMC2250 
and TMC2255 perform high-speed matrix multiplication and convolution. 

TRW LSI Products Inc. 



Vector Arithmetic/Filters ii~·· 
Clock 
Rate 1 Power 1 

Product Description Size (MHzl (Watts I Package Grades 2 Notes Page 

TMC1028 Digital FIR Filter 4x4xS 10 3.7 J4 4S Pin DIP C,A Cascadeable. H3 

TMC2242-1 Half-Band Digital Filter 12116-Bit 40 0.5 R2 44 lead PlCC c 2:1 Interpolate or Decimate. H15 
30 0.5 R2 44 lead PlCC c low-Pass (-6dB@0.25Fsl 

TMC2243 Video Filter 10x10x3 20 0.5 GS 69 Pin PGA C, V Cascadeable. H29 
HS 69 Pin PPGA c 

TMC2246-1 Image Filter 10x 11 Bit 40 0.5 H5 121 Pin PPGA c Four-Pixel lnterpolator. H43 
l5 132 lead CERQUAD v 

30 0.5 H5 121 Pin PPGA c 
l5 132 lead CERQUAD v 

TMC2249-1 Digital Mixer 12x12x2 30 0.5 H5 121 Pin PPGA c Cascadeable. H55 
l5 132 lead CEROUAD v Programmable Delays. 

25 0.5 H5 121 Pin PPGA c 
l5 132 lead CERQUAD v 

TMC2250-2 Matrix Multiplier 12x10x9 40 1.2 H5 121 Pin PPGA c 2D Convolution 3 x 3, 2 x 4. H69 
-1 36 1.2 H5 121 Pin PPGA c 1D Convolution, 9 Taps. 

G1 121 Pin PGA v 3 x 3 Matrix x 3 x 1 Vector. 
30 1.2 H5 121 Pin PPGA c 

G1 121 Pin PGA v 
TMC2255-1 2D Convolver 5 x 5 x S-Bit 12.5 0.6 R1 6S lead PlCC c 3 x 3, Symmetric 5 x 5 H89 

10 0.6 R1 6S lead PlCC c 2D Convolver. 

Notes: 1. Guaranteed. See product specifications for test conditions. 

2. A= High Reliability, Tc= -55"C to 125°C. 
C=Commercial. TA=0°C to 70°C. 
V=MIL-STD-883 Compliant, Tc= -55°C to 125°C 

2 TRW LSI Products Inc. 



TDC1028 

Digital FIR Filter 
Building Block, 1 OM Hz 

The TDC1028 is a video-speed, TTL compatible bit-slice 
building block for Finite Impulse Response (FIR) digital 
filters and mu!t!-bft d!g!ta! corre!ators. !t !s used 
independently in the coefficient and signal data word 
dimensions as a bit-slice processor. Word lengths can be 
multiples of four bits. Two's complement or unsigned 
magnitude operation is independently selectable for both 
coefficients and signal data words. 

The TDC1028 provides eight delay stages, eight multi­
pliers, and eight adders in a single integrated circuit. 
Eight coefficient storage registers are also provided for 
ease in programming filter characteristics and to make 
correlation possible. One coefficient may be changed 
every clock cycle. The delay registers and the adder 
pipeline registers have been merged for efficiency. 

Features 
• 10MHz Throughput Rate 
• Eight Coefficients 

Functional Block Diagram 

CLOCK IN ICLKJ )>----­

SUM IN ISltJ-121 

DATA IN !Dlg_3I 

COEFFICIENT IN ICltJ-:il 

COEFFICIENT ADDRESS lCAo-21 >---I~ 

COEFFICIENT WRITE ENABLE ICWE) 

TWO'S COMPLEMENT DATA ITCDI 

• Cascadable (To> 36 Taps) Without External 
Components 

• 4-Bit Coefficient And Signal Data Words 
• Independently Expandable Coefficient And Signal Word 

Length · 
• independentiy Seiectabie Format For Coefficients And 

Signal Data Words (Two's Complement Or Unsigned 
Magnitude) 

• Available In A 48 Pin Hermetic Ceramic DIP Package 
• Radiation Hard Sipolar Process 
• Single + 5V Power Supply 
• TTL Compatible 

Applications 
• Digital Video Filters 
• Matched Filters 
• Pulse Compression 
• Multi-Bit Correlation 
• Waveform Synthesis 
• Adaptive Filters 

SUM OUT 

ISOo-121 

DATA OUT 

IDIJo-:il 

TWO'S COMPLEMENT COEFFICIENTS (TCC) >--------------~ 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla, CA 92038 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 
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TDC1028 

Functional Block Diagram 

ClOCK IN (CLIO 

SUM IN (Slt1-12I 

COEFFICIENT IN !Cla-JI 

COEFFICIENT WRITE ENABLE (CWE 

TWO'S COMPLEMENT DATA (TCOI 
TWO'S COMPLEMENT COEFFICIENTS (TCCI ">---------------~ 

Pin Assignments 

Slg11fll ~ 48SOg 
s11 2 47 so1 
Sl2 3 4& S~ 
Sl3 4 46 SDJ 
S'4 5 44 SD4 
SI§ B 43 S05 
Slfi 7 42 SD& 
si-, a 41 sai 
S~ 9 ~ SDa 

Sig to D 39 SOg Sito t t 38 SD10 
Siu t2 37 GND 
GND 13 38 Vee 
Slt2 14 35 SD11 
~ 15 34 SDt2 
CAt t& 33 Cl3 
CAg t7 32 Clz 
TCD tB 3t Cit 
TCC t9 311 Clg 
CLK 20 29 CM 
Dig 2t 28 DOg 
Dlt 22 'LI DD1 
012 23 28 D~ 
013 24 '------~ 25 003 

48 Lead DIP - J4 Package 

4 TRW LSI Products Inc. 
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TDC1028 

Functional Description 

General Information 

The TDC1028 has four internal functions: delay, multiplication, 
addition, and coefficient storage. These functions are connected 
to form a building block for finite impulse response filters or 
correlators. Cascading inputs are provided to allow the 
construction of filters or correlators of arbitrary length. The 

Power 

The TDC1028 operates from a single +5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

Inputs 

The TDC1028 has three types of inputs: signal data, 
coefficients, and sum !cascading) inputs. 

Name Function 

Dl3 Signal Data Input MSB 

Dl2 

Dl1 

mo Signal Data Input LSB 

Cl3 Coefficient Input MSB 

Cl2 

Cl1 

Clo Coefficient Input LSB 

basic word size for coefficients and data is four bits. The 
order of the operations has been changed from the canonical 
form to permit the merging of delay and pipelining registers 
lsee Figure 11. 

Value J4 Package 

+5.0V Pin 36 

o.ov Pins 13,37 

Value J4 Package 

TTL Pin 24 

TTL Pin 23 

TTL Pin 22 

TTL Pin 21 

TTL Pin 33 

TTL Pin 32 

TTL Pin 31 

TTL Pin 30 

Sl12 Cascading Sum Input MSB TTL Pin 14 

Sl11 TTL Pin 12 

Sl10 TTL Pin 11 

Sig TTL Pin 10 

Sl9 TTL Pin 9 

Sl7 TTL Pin 8 

Sl5 TTL Pin 7 

Sl5 TTL Pin 6 

Sl4 TTL Pin 5 

Sl3 TTL Pin 4 

Sl2 TTL Pin 3 

Sl1 TTL Pin 2 

Slo Cascading Sum Input LSB TTL Pin 1 

TRW LSI Products Inc. 5 



TD.Cl028 

Data Outputs 

The TDC1028 has two outputs: a sum output and a data 
output. The data output is used to connect one TDC1028 to 

Name Function 

S012 Sum Output MSB 

S011 

S010 

S09 

S09 

S07 

S05 

S05 

S04 

S03 

S02 

so, 
sou Sum Output LSB 

D03 Data Output MSB 

D02 

D01 

DOo Data Output LSB 

Clocks 

The TOC1028 operates synchronously from a single master 
clock, which can be clocked at up to 10M Hz. All internal 
circuitry is static; there is no minimum clock frequency 
required. The rising edge of CLK latches the Coefficient Input 

Name F111ction 

CLK Clock 

Controls 

The TDC1028 has six control inputs. TCC and TCO control the 
interpretation of the data and coefficients as two's complement 
or unsigned magnitude numbers. These inputs provide two's 
complement operation for the respective input when a logic 

Name Function 

the next !cascading) for greater filter or correlation length. The 
sum output is used both for cascading and signal output. 

Value J4 Package 

m Pin 34 

m Pin 35 

m Pin 38 

m Pin 39 

m Pin 40 

m Pin 41 

TTL Pin 42 

m Pin 43 
m Pin 44 

m Pin 45 

m Pin 46 
m Pin 47 

m Pin 48 

m Pin 25 

m Pin 26 

m Pin 27 

m Pin 28 

ICl3-ol, the Coefficient Address ICA2-ol. and the Coefficient 
Write Enable control ICWEl. If CWE is LOW, a new coefficient 
will be loaded into the selected coefficient register at the next 
rising edge of CLK, as shown in Figure 4. 

Value J4 Package 

m Pin 20 

HIGH is applied, and unsigned magnitude operation when a 
logic LOW is applied. One active LOW input ICWEl controls the 
writing of a coefficient, and three inputs ICA2-ol control the 
selection of which coefficient is to be written. 

Value J4 Package 

TCC Two's Complement Coefficients TTL Pin 19 

TCO Two's Complement Data TTL Pin 18 

CWE Coefficient Write Enable TTL Pin 29 

CA2 Coefficient Address MSB m Pin 15 

CA1 m Pin 16 

CAiJ Coefficient Address LSB TTL Pin 17 

6 TRW. LSI Products Inc. 



TDC1028 

Figure 1. 

CANONICAL FIR ARCHITECTURE 

• • • 

• • • 

OUTPUT 

TOC1028 EQUIVALENT ARCHITECTURE 

Figure 2. 

ARITHMETIC SUMMATION OF "SUM" OUTPUTS FOR e-BIT COEFFICIENT. e-BIT SIGNAL DATA WORDS 

SIGN EXTENSION BITS REQUIRED IF TWQ"S COMPLEMENT IS USED 

+ 
+ 
+ 

Figure 3. 

d12 d11 d1o 

~ ~ ~ ~ d12 d11 d1o dg de di d& 

~ ~ ~ ~ d12 d11 d10 dg de di de 
d12 d11 

520 819 

d1o dg de d1 d& d5 d4 d3 dz 

81e s17 516 515 514 513 812 s11 510 

SIGNAL DATA 

MSB LSD 

COEFFICIENTS { MSB ~ 
LSBrn 

RESULT WEIGHTS 

TRW LSI Products Inc. 

dg de di ... "5 "4 dl}dz}d1}do 

d5 d4 dl dz d1 dg 

"5 d4 II] dz d1 dg 

d1 dg ...-

89 •a 57 96 '5 84 8l}sz}s1lroJ 

OUTPUT 

DELAYS 

MULTIPLIERS 

SUMMER 

MULTIPLIERS 

SUMMERS 
ANO 
DELAYS 

TDC 1 oze INPUTS 
DATA COEFFICIENTS 

LSBs LSBs 

LSBs MSBs 

MSBs LSBs 

MSBs MSBs 
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TOC1028 

Figure 4. 

SUM IN s~ 

COEFFICIENT 
DATA AND C3,1 
ADDRESS IN 

SIGNAL 
Do x D1 x Dz °' DATA IN "'x Do x Dg x 

I COEFFICIENT 7,1 
I LATCHED INTO 
I COEFFICIENT REGISTER 7 

CLOCK 

~ THE FIRST RESULT WITH COEFFICIENT SET 1 APPEARS HERE 

SUM OUT 501,0 so,,, 

s0o.1 "' Sl_z + Co.1 D_z + C,,1 o_, + ~.1 Do + CJ.1 n, + C4,1 Dz + Gi.1 D3 + Co.1 D4 + C,,1 Dii 

DATA OUT D_, 

Figure 5. 

SUM IN "o 

SIGNAL Do DATA IN D14 

CLOCK 

SUM OUT so, 

DATA OUT oo_, 
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TDC1028 ii~irw 

Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 

INPUT 

Rl = 25K 
R2 = lOK 
RJ = 50K 
R4 = 35K 

CLK ALL OTHER INPUTS 

INPUT 

Figure 8. Test Load 

TO 5000 

OUTPUT PIN~ VLOAO 

J40pf 
GND 

TRW LSI Products Inc. 

_______ ....,Vee 

R4 
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TDC1028 

Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input 

Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ........................................................................................................................................................................................................... -6.0 to +6.0mA 

Output 

Applied vohage (measured to. OGNOI ................................................................................................................................................................... -0.5 to + 5.5V 2 

Applied current, externally forced .................................................................................................................................................................... -1.0 to +6.0mA 3,4 

Short-circuit duration !single output in HIGH state to ground) ........................................................................................................................................ : 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds! ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................... -65 to 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Ten_!l!!!lature Ra':!!!!. 

Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

1PWL Clock Pulse Width, LOW 41 65 ns 

tpwH Clock Pulse Width, HIGH 55 65 ns 

tcv Clock Cycle Time 100 135 ns 

ts Input Setup Time 

Data In, Sum In 15 15 ns 

Coefficient In, Coefficient Address In 25 25 ns 

Coefficient Wr~e Enable 30 30 ns 

tH Input Hold Time IAll inputs) 5 5 ns 

VIL Input Voltage, Logic LOW 0.B 0.B v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

!m Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 
Tc Case Temperature -55 + 125 oc 

10 TRW LSI Products Inc. 



TDC1028 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Supply Current V CC = Max, Static 

TA = 0°C to 70°C 700 mA 

!,q_ = 70°C 550 mA 

Tc = -55°C to 125°C 900 mA 

Tc = 125°C 500 mA 

Ill Input Current, Logic LOW Vee = Max, v1 = 0.4V 
Data Inputs -0.4 -0.4 mA 

Clock Input -1.0 -1.0 mA 

11H Input Current, Logic HIGH Vee = Max, v1 = 2.4V 
Data Inputs 75 75 µA 

Clock Input 75 75 µA 

11 Input Current, Max Input Voltage Vee = Max, v1 = 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee = Min, loL - Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee - Min, loH = Max 2.4 2.4 v 

las Short-Circuit Output Current Vee = Max, Output HIGH, one pin to ground, -50 -50 mA 

one second duration 

C1 Input Capacitance TA = 25°C, f = lMHz 15 15 pf 

Co Output Capacitance TA = 25°C, f = lMHz 15 15 pf 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

tcv Cycle Time Vee - Min 100 135 ns 

to Output Delay Vee - Min, Test Load: VLOAD = 2.2V 30 35 ns 

Note: 
1. All transitions are measured at a 1.5V level. 

TRW LSI Products Inc. 11 



TDC1028 

Application Notes 

More than one TOC1028 may be connected together to form 
filters of greater length, greater signal data resolution, and/or 
greater coefficient resolution. 

The simplest form of expansion is length. Each TOC1028 has a 
data and a sum input, and a data and a sum output. To make 
a filter of greater length, connect the data and sum outputs to 
the data and sum inputs of the next device, as shown in 
Figures 2 and 3. This procedure is used for each section of a 
filter built with higher resolution for signal data and · 
coefficients. Note that the sum inputs of the first device in a 
series lthe one to which signal data is directly applied) must 
be supplied with a "zero" input !that is, all sum input pins 
must be grounded). This form of expansion is also used in 
combination with increased resolution, and is directly applicable 
to those cases. 

Two options are available for increased resolution. The first 
method uses external adders and pipeline registers, the second 
uses the internal adders and pipeline registers of the TOC1028. 
Block diagrams of these methods are shown in Figures 9 and 
10. The second method significantly increases latency; the 
output experiences a significant delay with respect to that of 
an ideal but causal Finite Impulse Response filter. 

This section discusses the increasing of signal data and 
coefficient resolution when both signal data and coefficients 
are given in two's complement notation. For additional 
information, refer to TRW LSI Products Application Note 
TP-22. 

The basic approach is to divide the word that requires greater 
resolution into two or more parts of four bits each. A separate 

12 

-~·-· .. , .. 
section will be needed for every four bits or fraction thereof. 
Usually, both signal data words and coefficients will be divided. 
Next, a filter section is assigned to each possible combination 
of non-overlapping 4-bit groups of signal data with 4-bit 
groups of coefficients. IA filter section is assigned for each 
element in the cross-product of the signal data and coefficient 
data word spaces.I This process is shown in Figure 3, which 
illustrates division into 4-bit segments, used with both options 
for increasing resolution. 

The choice is made between the adder option and the 
no-adder option. If the adder option is chosen, a pipelined 
adder must be designed using MSI components. A complete 
16-tap filter using 8-bit signal data words and 8-bit 
coefficients is shown in Figure 9. Care must be taken to 
assure that the outputs of each of the sections are properly 
weighted. Note that the Two's Complement Data ITCDI pin 
should be active only in the sections which have the MSD of 
the data word as the input. Likewise, the Two's Complement 
Coefficient ITCCI pin should be active only on the sections 
which have the MSD of the coefficient word as the input. 

However, another approach is possible. The TOC1028 has 
internal adders which are not used in the above configuration. 
Those are the adders in the first device in each section. By 
introducing suitable delays, these adders can be used to 
increase resolution without using external adders. A sample 
circuit, a complete 16-tap filter using 8-bit signal data words 
and 8-bit coefficients, is shown in Figure 10. Notice that this 
introduces an eighteen sample delay in the signal path. The 
necessary 8-bit wide by 9 or 18 stage long shift registers are 
provided by TRW's TDC1011. 

TRW LSI Products Inc. 



TDC1028 

Figure 9. 

TDCI028 ARRAY 
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TDC1028 

Figure 10. 
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Ordering Information 

14 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1028J4C STD-TA=0°C to 70°C Commercial 48 Pin Hermetic Ceramic DIP 1028J4C 
TDC1028J4A EXT-Tc= -55°C to 125°C High Reliability 48 Pin Hermetic Ceramic DIP 1028J4A 

All parame1ers contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2242 --~·-· ••••• 
Half-Band Interpolating/Decimating Digital Filter 
12 Bits, 40MHz 
The TMC2242 is a fixed-coefficient, linear-phase half-band 
(low-pass) digital filter VLSI circuit which can also be used 
to halve or double a digital signal's sample rate When 
used as a decimating post-filter with a double-speed 
oversampling video A/D converter, it greatly reduces the 
cost and complexity of the associated analog antialias 
pre-filter, such as that required for broadcast video 
chrominance bandwidth limiting. When used as an 
interpolating pre-filter with a double-speed oversampling 
D/A converter, the TMC2242 can simplify the 
corresponding analog reconstruction post- filter. The only 
user "programming" required is selection of mode 
(interpolate, decimate, or neither) and rounding. 

The TMC2242 accepts 12-bit two's complement data at up 
to 40 million samples per second and outputs saturated, 
two's complement or offset binary data, rounded to 9 to 16 
bits. Within the 40MHz 1/0 limit, the TMC2242's output 
sample rate can be 1 /2, 1, or 2 times its input sample rate. 

The filter is flat within ±0.02dB from 0 to 0.22Fs. with 
stopband attenuation of greater than 59.4dB from 0.28Fs 
to the Nyquist frequency. The response is 6dB down at 
0.25Fs. Symmetric-coefficient FIR filters such as the 
TMC2242 have linear phase response. Although most 
users will be pleased with the results obtained with one 
TMC2242 in the system, full compliance with the SMPTE 
601 standard of -12dB at 0.25Fs requires two devices 
cascaded serially. 

Logic Symbol 

Fabricated using TRW's proprietary OMICRON-Cone­
micron CMOS process, the TMC2242 operates at a 
guaranteed clock rate of 40MHz over the standard 
temperature and supply voltage ranges and is available 
in a 44 lead plastic chip carrier. 

Features 

• 40MHz Guaranteed Maximum Clock Rate 
• User-Selectable 2:1 Decimation, 1 :2 Interpolation 
• Frequency Response +/-0.02dB In Passband 
• Stopband (0.28 to 0.5 x Fs) Rejection 59.4dB 
• Two-Device Cascade Meets CCITT Recommendation 601 

Low-Pass Filter Requirements 
• Dedicated 12-Bit Two's Complement Input Data Port 

And 16-Bit Output Data Port With User-Selectable 
Rounding To 9 Through 16 Bits 

• Two's complement Or Inverted Offset Binary Output 
Format 

• Build-In Limiter Prevents Overflow 
• Single +5V Power Supply 
• Compact 44 Lead Plastic Chip Carrier Package 

SO DATA 
15-0 OUT 

TIMING { ~:~ ~--M 
CONTROLS SYNC ~--M 

TMC2242 14---l TCO ~~:~~~ OE 1 
CLK "}---_.. 

TRW LSI Products Inc. 
P 0 Box 2472 
La Jolla, CA 92038 

CONTROLS 
14--l:3~ RND 2-0 

Phone: (619) 457-1 ODO 
FAX: (619) 455-6314 

21565A 
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TMC224i 

Applications 
• Low-Cost, Industry-Standard Video Chrominance 

Bandwidth Limiting (Anti- Aliasing) 
• Simple, High-Performance Video Reconstruction 

Post-Filtering 
• General Digital-Domain High-Performance Low-Pass 

Filtering, Requiring: 
- Passband Below (0.22) x Fs 
- Stopband Above (0.28) x Fs 

• General Digital-Domain Waveform Reconstruction 
Post-Filtering 

• Telecommunications Systems 
• Digitally Synthesized Radio 
• Radar 

Functional Description 

The TMC2242 implements a fixed-coefficient linear-phase 
Finite Impulse Response (FIR) filter of 55 effective taps, 
with special rate-matching input and output structures to 
facilitate 1 :2 decimation and 2:1 interpolation. In the 
straight-through mode (equal input and output clock rates). 

Figure 1. Functional Block Diagram 

s111-o 

CONTROL 

INTERPOLATE: 0-1-0-1 
ELSE 1-1-1-1 

-~·-· ..... 
the filter and input and output registers will operate at the 
guaranteed maximum clock rate of 40MHz. The total 
internal pipeline latency from the input of an impulse to 
the corresponding output peak is 33 cycles; the 55-value 
output response begins after 6 clock cycles and ends after 
60 cycles. 

To perform interpolation, the chip slows the effective input 
register clock rate to half the internal and output rates. The 
TMC2242 internally inserts zeroes between the incoming 
data samples to "pad" the input data rate to match the 
output rate. 

To perform decimation. the chip sets the output register 
clock rate to half of the input and internal rates. One output 
is then obtained for every two inputs. 

In interpolation or decimation mode, the SYNC control is 
first held HIGH, then brought LOW with the first data input 
value. SYNC is held LOW until resynchronization is desired. 
For interpolation, input values should be presented at the 
first rising edge of CLK for which SYNC=O and at every 
alternate CLK rising edge thereafter. 

TCD 

RND2-0 
DEC 

INT 

SYNC 
CLK/2 IF DECIMATING; ELSE CLK 

CLK r---. TO ALL REGISTERS 21566A 
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TMC2242 

Figure 2A. Transfer Function of TMC2242 Half-Band 
FIR Filter 
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The input data word format is always two's complement. 
The output data format is two's complement when TCO is 
HIGH and inverted offset binary when TCO is LOW. The 
output data can thus be processed further or routed 
directed to a Digital-to-Analog converter for reconstruction. 
The user can tailor the output data word width to his 
system requirements using the Rounding control. As shown 
in Table 1, the output is half-LSB rounded to the resolution 
selected by the value of RND2-o. The bits below the LSB 
are then zero-filled. The asynchronous three-state output 
enable control simplifies interfacing to a bus. 

Signal Definitions 

Clock 

CLK 

SYNC 

The TMC2242 operates from a single master 
Clock. All internal registers (except output 
register in decimate mode) are strobed on 
the rising edge of Clock, and all timing 
specifications are referenced to the rising 
edge of Clock. 

The user synchronizes the incoming data 
with the TMC2242 by holding SYNC HIGH on 
Clock N, and then LOW on Clock N+ 1, when 
the first data word is presented to the input 
Sl11-o. If DEC=INT (passthrough mode), 
SYNC is inactive. SYNC may be held LOW 
until resynchronization is desired, or it may 
be toggled at 1/2 the clock rate. 

TRW LSI Products Inc. 

-~·-· .... .,., 
Figure 28. Passband Detail of TMC2242 Transfer 

Function 

Inputs 

Sl11-0 

Outputs 

S015-D 

0 .050!5 .100!5 .150fs 200!5 250fs 

Frequency 2156BA 

Data presented to the registered 12-bit two's 
complement data input port SI 11-0 will be 
latched internally on the current Clock, or on 
every other Clock if in INTERPOLATE mode. 
Sl11 istheMSB. 0 
The current result is available at the 
registered 16-bit output port S015-Q, half­
LSB rounded as determined by the rounding 
control word RND2-o. S015 is the MSB. 

Note: TMC2242's limiter ensures that an internal overflow will generate a valid full­
scale 17FFF positive or 8000 negative) output. The chip's D.C. gain is 
1.0015=0.0126dB; 0.5007 = -3.004dB in INTERPOLATE mode. 

Controls 

TCO When the Two's Complement format Control 
TCO is HIGH, all output data are presented in 
signed two's complement format. When 
LOW, the output is inverted offset binary, 
obtained inside the chip by inverting bits 
S014 through SOo, leaving S015 unchanged. 

INT When the input interpolation control INT is 
LOW, the input register is driven at full clock 
speed and the chip inserts zeroes between 
samples, "padding" the input to match the 
output rate and effectively halving the input 
data rate and the output amplitude. The 
TMC2242 then interpolates between these 
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TMC2242 

alternate input data points.to achieve a full 
output data rate. 

DEC When the decimation output control DEC is 
LOW, the outputregister is driven at half 
clock speed, decimating the output data 
stream. 

Note: When INT=DEC', both the input and output registers run at the full clock rate. 

RND2-0 These three pins set the position of the 
effective least significant bit of the output 
port by adding a rounding bit to the next 
lower internal bit and zeroing all outputs 
below the rounding bit. See Table 1. 

Note: The above controls, TCO, DEC, INT, and RND2-o determine the device function, 
numeric format, and rounding of the data. The user must exercise caution when 
changing them, since they will impact work in progress in the chip's 60 clock 
internal pipeline. 

OE The output data port Sl15-0 is in the high­
impedance state when the asynchronous 
output enable is HIGH. When OE is LOW, the 
port is enabled. 

Power 

VoD. GND The TMC2242 operates from a single +5V 
supply. All power and ground pins must be 
connected. 

Table 1. Input and Output Data Formats and Bit Weighting, TC0=1 1 

Bit Weight - Output Port During Interpolation Only2 

I -21 I 20 I 2-1 2-S 2-7 2-S 2-9 2-10 2-11 2-12 2-i3 2-14 

Bit Weight - All other 1/0 

-20 2-1 2-2 2-7 2-S 2-9 2-10 2-11 2-12 2-13 2-14 2-15 
Rounding 
RND2-0 

Input 
Sl11 Sl10 Sig ••• Sl4 Sl3 Slz Sl1 Sia 

Output 

S015 S014 S013 sos S07 sos S05 S04 S03 S02 S01 SO or 000 

S015 S014 S013 sos S07 sos S05 S04 S03 S02 S01r 0 001 

S015 S014 S013 sos S07 sos S05 S04 S03 S02r 0 0 010 

S015 S014 S013 sos S07 sos S05 S04 S03r 0 0 0 011 

S015 S014 S013 sos S07 sos S05 S04r 0 0 0 0 100 

S015 S014 S013 sos S07 sos S05r 0 0 0 0 0 101 

S015 S014 S013 sos S07 SOsr 0 0 0 0 0 0 110 

S015 S014 S013 sos S07r 0 0 0 0 0 0 0 111 

Note: 1. When TCO=O, most significant bit of output is positive instead of negative. 

2. During interpolation, device DC gain is approximately 0.5. 

3. Where "r" indicates the half-LSB-rounded bit, 0 the zeroed LSBs, and a minus sign a sign bit 
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TMC2242 •~n: 

Table 2. Hexadecimal Impulse Response and Table 3. Input Transition Response 
Decimal Equivalents of Coefficients 

INPUT OUTPUT 

INT=O INT=1 
lnpulse Decimal INT=DEC INT=DEC DEC=1 DEC=O 
Out1 Equivalent TCO=O TC0=1 TC0=1 TC0=1 

FFF2 -.000875473 coef #1, 55 400 xx xx xx xx 
0000 .0 coef #2, 54=0 400 xx xx xx xx 
0017 .001390457 >55 cycles 

0000 .c 
FFOB -.002265930 

0000 .0 400 3FE7 4018 2008 4018 DC gain 1 

0039 .003501892 400 3FE7 4018 2010 4018 

0000 
000 

FFA8 -.005355835 

0000 
000 3890 446F 245F 446F Max 

0070 .007621765 ringing 
0000 000 3890 446F 2010 446F 
0051 -.01071167 000 4FEB 3014 1004 1004 
0000 000 6FF8 1004 0000 1004 
OOF3 .01483154 000 846F F8A9 F8A9 F8A9 Min 

0000 ringing 

FEB5 -.02018738 

0000 

OlCA .02796364 

0 0000 000 7FFF 0000 0000 0000 Steady 

F079 -.03949928 
state 

0000 Note: 1. In interpolation, steady-state output wil I osci I late approximately 0.1 %, as 

03CO .05937767 
here between 2008 and 201 O 

0000 

F95E -.1036148 

0000 

1458 .3180542 coef #27, 29 

2010 .5009766 coef #28 (center) 

Note: 1. ~t=0,0,400,0,0, 
INT=DEC=1 
TC0=1 

TRW LSI Products Inc. 19 
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Package Interconnections 

Signal 
Typ!! Nam!! Function R2 Packag!! 

Timing Controls INT Interpolate 44 

DEC Decimate 1 

SYNC Synchronization 43 

CLK System Clock 42 

Data Inputs Sl11-0 Input Data Port 40, 37, 36, 35, 34, 33, 

32, 31, 30, 27, 26, 25 

Data Outputs S015-0 Output Data Port 4, 5, 6, 7' 8, 9 10, 11, 
14, 15, 16, 17, 18, 19, 

20, 21 

OE Output Enable 3 

Output Controls RND2-o Rounding 22, 23, 24 

Power Voo Supply Voltage 13, 29, 38 

GND Ground 12, 28, 39, 41 

Figure 3. Timing Diagram- Equal Rate Mode INT=DEC 

20 

1PWH 1PWL 

~1cvl 
3 

10( 4 ·10( ·1 --- ---CLK 

xxXi<'s;41Hm 
Sl11-0 )(»< 33 35 XXX»< 36 XXX»< 37 xx> 

I I 
SYNC xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

~··r- ~··r 
so 15.o X X 2 3 X 4 X 
Note: Values at so15_0 are impulse response centers (peaks) corresponding to inputs bearing 

the same numbers. Thus, the input-to-center latency is 33 registers !clock cycles). 21569A 
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Figure 4. Timing Diagram - Decimination INT=1, DEC=D 

2 3 4 

CLK 

5111-0 2 ><XX»< 3 XXX»( 4 XXX»( 5 XX)( 

33 34 35 36 

CLK 

5015-0 x ~··r 3 

Figure 5. Timing Diagram - Interpolation INT =0, DEC=D 

2 

CLK 

"n-00<xxd ! k XXXJOOOOK , 

.... xxxxx&t"I··~-- . 
33 34 35 

CLK 

501s-o x .~··r .~··r 3 

TRW LSI Products Inc. 

37 38 

~·"f 
21570A 

3 4 

xxxxxxxxxx: 
&OOOO<xxxx: 

36 37 

x 4 x 
21571A 
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Figure 6. Impulse Response - Equal 1/0 Rate Mode INT =DEC 

2 3 5 6 33 34 60 61 

• • .·nn. .. nn CLK 

SI 

-: :.-1HO 

so ---------:.....:_---..:-+X 1X2 -ax .......... vx-x__..ax~ 
: :sTART CENTER 

~too~ 

53 x 54 xx 55 xx 
END 

55 TAP IMPULSE RESPONSE 21572A 

Figure 7. Impulse Response - Interpolate Mode DEC=1, INT=O 

2 3 4 
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,.SYNC\ ~ ~ ~ ~ 
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so X1X2 X 
21573A 

Figure 8. Impulse Response - Decimate Mode DEC=O, INT=1 

2 4. 6 8 ~ 33 34 60 ~ ~ 
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I 
I 
I 
I 
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I 
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Figure 9. Equivalent Input Circuit 
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Figure 11. Threshold Levels for Three-State 
Measurement 
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Figure 10. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged)1 

Supply Voltage ............................................................................................................................................................................................... -0.5 to +7.0V 

Input Voltage ..................................................................................................................................................................................... -0.5 to (Voo + 0.5)V 

Output 

Applied voltage2 

Forced current3.4 

Short-circuit duration 

-0.5 to (Voo + o.5)V2 

-6.0 to 6.0mA3.4 

(single output in HIGH state to ground) ................................................................................................................................. 1 sec 

Temperature 

Operating case ................................................................................................................................................................ -60to+130°C 

junction ...................................................................................................................................................................................... 175°C 

Lead soldering (10 seconds) ........................................................................................................................................................ 300°C 

Storage .............................................................................................................................................................................. -65to+150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. Functional 
operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

Current 1s specified as conventional current flowing into the device. 

TRW LSI Products Inc. 23 
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Operating conditions 

Temperature Range 

Standard 
Parameter Min Max Units 

Voo Supply Voltage 4.75 5.25 v 
V1L Input Voltage, Logic LOW 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 v 
IOL Output Current, Logic LOW 8.0 mA 

IOH Output Current, Logic HIGH -4.0 mA 

tcv Cycle Time 
TMC2242 33 ns 

TMC2242-1 25 ns 

tPWL Clock Pulse Width, LOW 10 ns 

tPWH Clock Pulse Width, HIGH 10 ns 

ts Input Setup Time 

TMC2242 10 ns 

TMC2242-1 8 ns 

tH Input Hold Time 0 ns 

TA Ambient Temperature, Still Air cc 0 70 cc 

Electrical characteristics within specified operating conditions1 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

IDDQ Supply Current, Quiescent Voo=Max, V1N=OV 10 mA 

ioou Supply Current, Unloaded Voo=Max, OE=Voo. 
f=10MHz mA 

f=20MHz 140 mA 

Ill Input Current.Logic LOW Voo=Max, V1N=OV 10 µA 

llH Input Current.Logic HIGH Voo=Max, V1N=Voo -10 µA 

VOL Output Voltage.Logic LOW Voo=Min, loL=Max 0.4 v 
VOH Output Voltage.Logic HIGH Voo=Min, IOH=Max 2.4 v 

IOZL Hi-Z Output Leakage Voo=Max, V1N=OV 40 µA 
Current, Output LOW 

IOZH Hi-Z Output Leakage Voo=Max, V1N=Voo -40 µA 
Current, Output HIGH 

IOS Short-Circuit Output Voo=Max, Output HIGH, 20 80 µA 
Current one pin to ground, 

one second duration max. 

C1 Input Capacitance T A=25cC, f=1 MHz 10 pF 

Co Output Capacitance TA=25cC. f=lMHz 10 pF 

Note: 1. Actual test conditions may vary from those shown, but specified operation is guaranteed. 

24 TRW LSI Products Inc. 



TMC2242 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

to Output Delay Voo=Min, CL =25pF 
TMC2242 20 ns 

TMC2242-1 16 ns 

IHO Output iioici Voo=Max, CL =25pF 3 ns 

tENA Output Enable Voo=Min, CL =25pF 
TMC2242 20 ns 

TMC2242-1 15 ns 

to1s Output Disable Voo=Min, CL=25pF 
TMC2242 20 ns 

TMC2242-1 15 ns 

Applications Discussion 

Digitizing Composite NTSC Video 

The TMC2242 is well suited for filtering digitized 
composite NTSC-encoded analog video. Figure 12 shows 
a simple and cost-effective circuit built around the device. 
The TDC1049 9-bit Analog-to-Digital converter is a popular 
choice for digitizing high-quality video, offering a 30MHz 

maximum clock rate and 16MHz input bandwidth at 
moderate cost. The relative timing of the TDC1049 and 
TMC2242 clocks must accommodate the delay through the 
10125 EGL-to-TTL converter, the TDC1049 output delay, ..... 
and the TMC2242 input setup and hold times. ~ 

Figure 12. Digitizing NTSC Video Using the Decimation Mode 

ANALOG 
NTSC 
COMPOSITE 
IN(75n) 

Anti aliasing 
Preli lier 

CLOCK 
28.636MHz 

-0.012dB@ 5.75MHz 
-3dB @9.3MHz 
-48dB@21.5MHz 

75Q 

TRW LSI Products Inc. 

CONV 

TDC 1049 

AGND 

TDC1049ADC 

15MHz Input BW 
28.636MSPS Clock 
Di =MSB, Dg =LSB 

3x10125 
OR EQUIV. 

CLK 

TMC2242 

TMC2242 
Half-Band Filter 

2:1 Decimation Mode 
Data in@ 28.636MSPS 
Data Out@14.318MSPS 
SI 10 =MSB, SlrlSB 
S014 =MSB, S05 =LSB 
10 Bits Output Precision 
TC0=1 

2K 

DIGITIZED 
NTSC 
41sc 

21575A 
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In Figure 13, an interpolating TMC2242 drives a fast 
DI A converter to reconstruct an analog NTSC composite 
waveform. The T,DG1112 12-bit Digital- to-Analog converter 
features extremely low glitch energy for accurate 
waveform generiJtion, and settling to± 1 /2 LSB in le.ss 
than 30nsec. The same (Figure 12)75-ohm analog filter is 
used. this time after the DAG. The user must maintain the 

correct timing between the TTL Clock and the EGL Clock, 
including the delay introduced by the 10124 TTL-EGL 
converter. See the Timing Diagram and the TDC1012 
datasheet. Lower-speed applications can employ the 
TTL-input TDC1012 DAG without the level translators 
(Figure 14). 

Figure 13, High Speed Interpolation Application 
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TMC2242 
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S013 =MSB, S02 =LSB 
12 Bits Output Precision 
TCO=O 
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SI 10-0 • SO 13-2 
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OR EQUIV. 
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TDC 1112 AoUT 

D11-12 

AGND 

':" 
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12-BitDAC 
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DI 1 =MSB, Dl12 =LSB 
ECL Inputs 

Figure 14. Medium Speed Interpolation Application 
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Pin Assignments - 44 Lead Plastic Chip Carrier - R2 Package Cl c C) 0 z c..z-_m_oo_t--_<0~-..,.._M c 
CJ>U>U>U>Cl>U>CJ>CIJU>> 

Pin Name Pin Name Pin 

1 DEC 12 GND 23 

2 TCD 13 Voo 24 

3 OE 14 S07 25 

4 S015 15 S05 26 

5 S014 16 S05 27 

6 S013 17 S04 2S 

7 S012 lS S03 29 

s S011 19 S02 30 

9 S010 20 S01 31 
10 SOg 21 SOo 32 

11 sos 22 RND2 33 

Name Pin Name 

RND1 34 Sl7 
RN Do 35 Sis 

Slo 36 Sig 

Sl1 37 Sl10 
Sl2 3S voo 
GND 39 GND 

Voo 40 Sl11 
Sl3 41 GND 

Sl4 42 CLK 

Sl5 43 SYNC 

Sl5 44 INT 

5111 40 
GND 41 
CLK 42 

SYNC 43 
iNT 44 

DEC 
TCO 

OE 
5015 
5014 
5013 

~ ~ ~ ~ ::q ~ R pj M ~ ~ 

..... com~;::~~;:!:~~~ 
N ._ 0 0> COQ Q ,.._ lD In "'II' 

~~5fg g tS ~g g g g 

28 GND 
27 512 
26 511 
25 Slo 
24 RNDo 
23 RND1 
22 RND2 
21 500 
20 501 
19 502 
18 503 

21578A 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2242R2C STD-TA=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 2242R2C 

TMC2242R2C1 STD-TA=0°C to 70°C Commercial 44 Lead Plastic Chip Carrier 2242R2C1 

All parameters in this specification are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy 
TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected 
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products 
Inc. and TRW Inc. against all damages. 
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TMC2243 

CMOS FIR Filter 
10 x 10 Bit, 20MHz 

The TMC2243 is a video speed three stage 10 x 10 bit 
FIR (Finite Impulse Response) filter integrated circuit 
composed of three registered mu!tip!!er - 3dders 
concatenated into a one- dimensional systolic array. 
Utilizing two's complement representation, the TMC2243 
accepts one 10 - bit data point.updates one 10 - bit 
coefficient, and produces one 16 - bit rounded, filtered 
output point evGry 50 nanoseconds. 

The TMC2243 has features which facilitate longer FIR 
filters, a 16 -bit Sum - In port and user programmc;ible 
pipeline registers. Enabling these registers allows the 
insertion of a zero - coefficient stage before each regular 
filter stage for up to six stages per TMC2243. Larger FIR 
filters can be built by cascading Sum - In and Sum - Out. 

Coefficients are stored in 3 registers and are addressed 
via the 2- bit Write Enable control, allowing one 
coefficient to be changed per clock cycle. All Data, 
Sum - In, Sum - Out and instruction inputs are registered 
on the rising edge of clock. 

The 16 MSBs of the 23- bit internal summation path 
are available at the Sum - In and Sum - Out ports. Six 
bits of cumulative word growth are provided internally. 
Data Overflow is indicated by an output flag. 

Built with TRW's one - micron double level metal 
OMICRON -CM CMOS process, the TMC2243 is 
available in a 68 pin grid array. 

Features 
• 20MHz Data Input And Computation Rate 
• 10 x 10 Bit Multiplication With 23 - Bit Extended 

Precision Sum Of Products (Overflow, Plus 16 Output 
And 6 Guard Bits) 

TRW LSI Products Inc. 
PO Box 2472 
La Jolla. CA 92038 

• Up To 3 Zero And 3 Non - Zero Stages Per Device 
• Two's Complement Arithmetic 
• i 6 - Bit Sum - in Anu Su1n - Out Ports For Cascading 
• Internal 1 /2 LSB Rounding 
• All Inputs And Outputs Are Registered 
• One Coefficient Update Per Clock Cycle 
• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In 68 Pin Grid Array And 69 Pin Plastic PGA 

Applications 
• FIR Filters 
• Adaptive Filters 
• Multi- Bit Correlation 
• One And Two Dimension Video Filtering 
• Radar Signal Processors 
• One And Two Dimension Convolution 
• Arithmetic Element For Systolic Array Processors 

Functional Block Diagram 

Phone [619) 457-1000 
FAX [6191 455-6314 
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Functional Block Diagram 

Pin Assignments 

Ea Pin Grid Array - GB Package 
69 Pin Plastic, Pin .Grid Array ..,.. HS Package 

Pin Name Pin Name Pin Name Pin 

82 GNO K2 Dl1 KlO GNO 810 

Bl Yoo L2 Dia Kll Sl19 A10 

C2 Of K3 Clo JlO Sl17 89 

Cl FTo L3 c11 Jll Sl16 A9 
02 FT1 K4 Cl2 HlO Sl15 BB 
01 FT2 L4 Cl3 H11 Sl14 AB 
E2 CWEo K5 Cl4 GlO Sl13 87 

El CWE1 L5 Cl5 G11 Sl12 A7 

F2 Dig K6 Yoo FlO Sin 86 
Fl Die L6 Cl5 Fll Sl10 A6 

G2 Dl7 K7 Cl7 ElO Sig 85 

Gl Dl5 L7 Cle Ell Sl9 A5 

H2 Dl5 KB Clg 010 Sl7 B4 
Hl Dl4 LB Sl21 011 Sl5 A4 

J2 Dl3 K9 Sl20 ClO Voo 83 

Jl Dl2 L9 Sl19 Cll Voo A3 

Kl GNO LlO CLK 811 GNO A1. 

Note: Pin 04 is a mechanical orientation pin on the HB package at 
manufacturer's option. 
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S020 

S019 

S019 

S017 

S015 

S015 

S014 
S013 

S012 
so,, 
S010 
SOg 

S09 

S07 

sns 

000000000 11 

00000000000 10 

0 0 0 0 9 

00 
00 
00 
00 
00 

0 0 8 

0 0 7 

0 0 6 

0 0 5 

00 
00 

000000000 

ABCDEFGHJKL 
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functional Description 

General Information 

The TMC2243 consists of three identical arithmetic cells, each 
of which contains a 10 x 10 two's complement multiplier and 
a 23-bit adder. Each cell receives the current data IDll from 
the Data input register, multiplies it by a locally stored 
Coefficient !Clil, and adds it to the Sum Sl(i-11 received from 
the previous cell. The result. 

Sli = DI x Cli + Sl(i-11· 

then goes to the next cell via two serial pipeline registers. 
When only one pipeline register is enabled, stages !i-11 and i 
are sequential. When both registers are enabled, there is a 
stage with a zero coefficient between them. 

Signal Definitions 

Power 

VDD· GND The TMC2243 operates from a single +5V 
supply. 

Clock 

CLK 

Inputs 

Dlg_o 

The TMC2243 has a single clock input. The 
rising edge of CLK strobes all enabled registers. 
All timing specifications are referenced to the 
rising edge of clock. 

Dig through Dlo is the 10-bit registered Data 
Input; Dig is the MSB (sign bitl and Dlo is the 
LSB. Data is in two's complement 
representation, and is clocked into the data 
register on each rising edge of clock. See 
Figure 1. 

Sl21 thrl!ugh Sl5 is the 16-bit Sum-In port. 
Sl21 is the MSB (sign bitl. Sum-In is truncated 
to bit Sl5 !plus the 112 LSB rounding bit in 
Sl5land is in two's complement representation. 
See Figure 1. The Sum -In port is registered, on 
the rising edge of clock, only when FT1 =LOW. 

TRW LSI Products Inc. 

The input arithmetic cell receives Sl(i-11 via the 16-bit 
Sum-In port !registered when FT1 = LOWI, filling the six 
lower bits with 100 000 11/2 LSBI for internal rounding. The 
output cell outputs the 16 MSBs !V21 through V5I of SOi 
through a register to the Sum -Out port. The Overflow flag is 
set when the final output exceeds 16 bits and resets with the 
output of the next non overflowing result. Sum -Out and the 
Overflow Flag can be forced to high-impedance with the 
Output Enable control. See Figure 1. 

The two-bit Write Enable control specifies the loading of the 
three coefficient registers lone per arithmetic cell) with data 
appearing at the Coefficient Input port. 

Outputs 

S021-6 

Unique input setup requirements must be 
observed when operating in the feedthrough 
mode IFT 1 = HIGHI. See text. 

Clg through Clo is the 10-bit registered 
Coefficient Input; Clg is the MSB !sign bitl and 
Clo is the LSB. Each coefficient and its write 
enable address !CWE1 -31 are registered on the 
same clock. The coefficient is then latched into 
the indicated register IC1-3I at the rising edge 
of the next clock. The contents of this bus are 
ignored if a coefficient register is not selected 
!CWE = OOI. The format of Clg _ o is identical to 
that of Dlg_o. 

S021 through S05 is the three-state 16-bit 
registered Sum-Out port; S021 is the MSB 
(sign bitl. For maximum precision, the internal 
products and accumulations are 23 bits but 
Sum -Out is internally truncated to 16 bits, and 
excludes the overflow bit and the 6 LSBs. The 
format is identical to that of Sl21-6· See 
Figure 1. 
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Controls 

CWE1-0 The two bits of the registered Coefficient Write 
Enable control indicate which of the coefficient 
registers is to receive a new coefficient at the 
beginning of the next clock cycle. 

CWE 1-o Coefficient Register Selected 

00 Holds all coefficients unchanged. 
01 C1 

. 10 C2 
11 C3 

These .registered Feed Through controls select 
clocked IFTi = LOWI or feedthrough 
lFTi = HIGH! operation for each of the pipeline 

Package Interconnections 

Signal Signal 
Type Name 

Power Vaa 
GND 

Inputs Dlg_o 

Sl21-s 

Clg_o 

Outputs S021-S 

Clock CLK 

Controls CWE1-0 

FT3_1 
OE 

Flag ov 

32 

Flags 

ov 

F ... ction 

Supply Voltage 

Ground 

Data Input 

Sum Input 

Coefficient Input 

Sum Output 

Master Clock 

registers. Saning FTi = LOW inserts a zero 
coefficient stage, or additional register, before 
the ith non-zero stage. 

Output Enable is a registered three-state enable 
control which forces the Sum -Out port and 
Overflow to the high-impedance state when 
HIGH. These outputs are enabled when OE is 
LOW. 

The Overflow Flag is a registered three-state 
output which goes HIGH whenever the 
summation result exceeds 16 bits and is reset 
to LOW on the next nonoverflowing result. 

GB, HB Package Pins 

Bl, KS, C10, Cl 1 
B2, Kl, K10, Bll 

F2, Fl, G2, Gl, H2, 
Hl, J2, Jl, K2, L2 

LS, K9, L9, Kll, J10, 
Jll, H10, Hll, G10, Gll, 
F10, Fll, E10, Ell, 010, 011 

KB, L7, K7, L6, L5, 
K5, L4, K4, L3, K3 

A10, B9, A9, BB, AB, B7, A7, BS, 

AS, B5, A5, B4, A4, B3, A3, A2 

L10 

Coefficient Wr~e Enable El, E2 
Feedthrough 01, 02, Cl 

Output Enable C2 

Overflow B10 
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TMC2243 •. ~ ... 
Figure 1. Data Formats and Internal Busing 

2-0. 2-g 

I Ag I As I A1 I A6 I A5 I A4 I A3 I A2 I A1 I Au I DATA IN 

X I Bg I Be I B1 I Bs I B5 I B4 I B3 I B2 I B1 I Bo I COEFFICIENT IN 

+ 

+ 

+ 

SIGN EXTENSION 

-24 21 20 • 

P19 P19 P19 P19 Prn P17 P15 P15 P14 P13 P12 P11 Pm 

S21 S21 S20 S19 Srn S17 S15 S15 S14 S13 S12 S11 S10 

T22 T21 T20 T19 T19 T17 T15 T15 T14 T13 T12 T11 T10 

019 019 019 019 Orn 017 015 015 014 013 012 011 010 

U22 U21 U20 U19 Urn U17 U15 U15 U14 U13 U12 U11 U10 

R19 R19 R19 R19 R18 R17 R15 R15 R14 R13 R12 R11 Rm 

V22 V21 V20 V19 V19 V17 V15 V15 V14 V13 V12 V11 V10 

Where: 
S = Sum-In, Sum-Out 
P, 0, R = Products 
T. U. V = Partial Sums 

Because the Sum-In and Sum-Out ports are truncated by 
6 bits relative to the external accumulation pipeline, the 
TMC2243 rounds internally by adding 2-13 to each emerging 

TRW LSI Products Inc. 

2-13 2-18 

Pg Pe P] P5 P5 P4 P3 P2 P1 Po FIRST PRODUCT 

Sg S9 S7 S5 1 0 SUM-IN 

lg T9 T7 T5 T5 T4 T3 T2 T1 To FIRST PARTIAL SUM 

Og 09 07 Os 05 ~ 03 02 01 Do SECOND PRODUCT 

Ug U9 U7 U5 U5 U4 U3 U2 U1 Uo SECOND PARTIAL SUM 

Rg Ro R1 R5 R5 R4 R3 R2 R1 Ro THIRD PRODUCT 

Vg Ve V7 V5 V5 V4 V3 V2 V1 Vo FINAL SUM 

sum of products, effecting half-LSB rounding relative to the 
output format. The chip internally utilizes all lower-order bits, 
to 2-18. 
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Figure 2. Timing Diagram Demonstrating Basic Operation with FT1-3 = HIGH (no zero stages) 

Cl 

CWE % 1 

I 
SI x Sia 

I 
FT )K 3 

so. ov 
Note 2 

Notes: 

I 

JOO( xxx 
I 
xx Sit xx 
I 
)00( 3 xxx 
I 

so, S02 

2 4 

3 xxx 
1S1s11 1H<Sll Note 1 

Sl2 xx Sl3 xx Sl4 xx Sl5 xx 
I I 

3 xxx 3 xxx 3 xxx xxx 
S03 S04 

so 

6 

Sl5 

3 

1. Setup and Hold requirements for the Sum Input are similar to the other registered inputs when when FT 1 ~ LOW See text. 

2. Sum Out and Overflow timing are shown with ilE ~ LOW. 

x 
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The basic equation describing the function of the TMC2243 
operating in a fixed state is: 

SDINI = Sl(N - 6 + FT1 + FT2 + FT31 
+ C1 x Dl(N - 7 + FT2 + FT31 
+ C2 x Dl(N - 5 + FT31 
+ C3 x Dl(N-31 

Careful observation of the clock delays shown is basic to 
construction of a filter algorithm. The operating sequence for 
the common application with FT1-3 = HIGH Ina zero stages) 
is shown in Figure 2. The simplified block diagram 
demonstrates the clock stages in this configuration. When 
FT1 = HIGH, the input feedthrough register is bypassed, and 
care must be taken to observe the setup requirements on the 
input of the first adder. Due to the absence of the input 
register buffer, note that the adder operates on data stable 
just prior to the arrival of the next clock, and not that setup 

at the rising edge of the current clock. When FT 1 = LOW the 
input register latches the input data, and the Sum Input 
follows setup and hold requirements similar to the other 
registered inputs of the TMC2243. When FT1 = HIGH, tSISll is 
guaranteed to allow 20MHz pipelined operation, assuming that 
input setup is observed, including cascaded operation. See the 
AC Characteristics table, and Figure 9, Applications Discussion. 

Figure 3 shows the effects of the feedthrough registers on 
f!!ter oper=t!on, w!1h tvve d!fferer.! co!!figurat!ons. The inputs 
are those presented at the corresponding rising edge of clock, 
excepting the delayed setup requirements of the Sum Input 
when FT1 = HIGH. The outputs are those available up to and 
including the corresponding edge of clock. Applications utilizing 
the TMC2243's ability to modify coefficients dynamically are 
demonstrated in Figure 4, showing the operation of a typical 
adaptive filter. Note that the Sum Output will be zero in the 
first few clock cycles of all examples only if the Coefficient 
Registers are initialized to zero beforehand. 

Figure 3. Impulse Response Filter Operation Sequence with FT 2,3 = LOW 

Cycle Sl(A) FT1 = LOW SHBI FT 1 = HIGH DI Cl CWE so 
1 0 0 0 Ko 01 0 

2 0 0 0 K1 10 0 

3 0 0 0 K2 11 0 

4 Slo 0 Dlo 0 00 

5 s11 Slo Dl1 0 00 0 

6 Sl2 Sl1 Dl2 0 00 0 

7 Sl3 Sl2 Dl3 0 00 DloK2 
s Sl4 Sl3 Dl4 Ko' 01 Dl1K2 
g Sl5 Sl4 Dl5 0 00 DloK1 + Dl2K2 

10 Sl5 Sl5 Dl5 Ki' 10 Slo + Dl1K1 + Dl3K2 
11 Sl7 Sl5 Dl7 0 00 Sl1 + DloKo + Dl2K 1 + Dl4K2 
12 Sis Sl7 Dis K2' 11 Sl2 + Dl1Ko + Dl3K1 + Dl5K2 
13 Sig Sis Dig 0 00 Sl3 + Dl2Ko + Dl4K 1 + Dl5K2 
14 0 Sig 0 0 00 Sl4 + Dl3Ko + Dl5K1 + Dl7K2 

15 0 0 0 0 00 Sl5 + Dl4Ko + Dl5K1 + DlsK2 
16 0 0 0 0 00 Sl5 + Dl5Ko' + Dl7K1' + DlgKi 
17 0 0 0 0 00 Sl7 + Dl5Ko' + DlsK 1' 

1S 0 0 0 0 00 Sis + Dl7Ko' + DlgK1' 
1g 0 0 0 0 00 Sig + rnsKo' 

20 0 0 0 0 00 DlgKo' 

21 0 0 0 0 00 0 
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SllAI is the sequence of Sum Input data with FT 1-3 = LOW !three zero stages!. 

Cl 

CWE 

DI 

SI so 

SON = SIN-6 + C101N-7 + C20IN-5 + C301N-3 

SllBI is the sequence of Sum Input data with FT 1 = HIGH and FT 2,3 = LOW ltwo zero stages!. 

Cl 

CWE 

DI 

so 
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Figure 4. Typical Adaptive Filter Operation Sequence 

Cycle SI DI Cl CWE so 
a Sia Dia Al al a 

1 s11 01, A2 10 a 

2 Sl2 Dl2 AJ 11 o 
3 Sl3 Dl3 81 01 a 

4 Sl4 Dl4 82 10 o 
5 s15 Dl5 83 11 o 
6 Sl5 Dis c, 01 Sl2 + A1Dl1 + A2Dl2 + AJDl3 
7 Sl7 Dl7 C2 10 Sl3 + AiDl2 + A2Dl3 + AJDl4 
s Sis ms C3 11 Sl4 + A 1 Dl3 + A2Dl4 + AJDl5 
9 Sl9 Dl9 00 Sl5 + 81Dl4 + 82Dl5 + 83Dls 

10 Sl10 Dim 00 Sis + 81Dl5 + 82Dl5 + 83Dl7 
11 Sl11 Dl11 00 Sl7 + 81Dls + 82Dl7 + 83Dls 
12 Sl12 Dl12 00 Sis + C1 Dl7 + C2Dls + C3Dl9 
13 Sl13 Dl13 00 Sl9 + C1Dls + C2Dl9 + C3Dl10 

with FT 1 ~ LOW and FT 2,3 ~ HIGH lone zero stage) 

Cl 

CWE 

DI 

SI so 
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Figure 5. Equivalent Input Circuit 

n SUBSTRATE 

03 

p WELL 

Figure 7. Test Load 

n+ 

02 

p WELL 

.,,. GND 

} 

TD 500Q 

OUTPUT PIN~ VLOAD 

I40pF 
GND 
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Figure 6. Equivalent Output Circuit 

Voo 

n SUBSTRATE 

01 

p+ 
___ ....__<> OUTPUT 

n+ 

02 

p WELL 

.,,. GND 

Figure 8. Transition Levels For Three-State Measurements 

CLK 1 

THREE-STATE 
OUTPUTS 

Note: 

1ms o.5v 

HIGH IMPEDANCE 

0.5V 

1. Assumes iiE has gone LOW, within the Input Setup requirements. 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage .................................................................................................................................................................................................................................... -0.5 to + 7.0V 

Input Voltage ... ························ ...................................................................................................................................................................................... -0.5 to IVoo +0.5VI 

Output 

Applied voltage 2 .............................................................................................................................................................................................. -0.5 to IV DD + 0.5VI 

Forced current3,4 ........................................................................................................................................................................................................ -1.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Notes 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

Applied voltage must be current limited to specified range, and measured with respect to GNO. 

Forcing voltage must be l1m1ted to specified range. 

Current is specified as conventional current flowing into the device 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

Vil Input Voltage, logic LOW 2.0 2.0 v 
V1H Input Voltage, logic HIGH 0.8 0.8 v 

10l Output Current, logic LOW 4.0 4.0 mA 

Iott Output Current, logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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DC characteristics within specified operating conditions 1 

Temperature Range : 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

loon Supply Current, Quiescent Voo = Max, VIN = OV, OE = HIGH 15 15 mA 

loou Supply Current, Unloaded Voo = Max, OE = HIGH 

f = 20MHz 90 90 mA 

f = lOMHz 48 48 mA 

l1L Input Current, Logic LOW Voo = Max, v1N = OV -75 75 -75 75 µA 

l1H Input Current, Logic HIGH v00 = Max, v1N = v00 -75 75 -75 75 µA 

Vol Output Voltage, Logic LOW V DD = Min, loL = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 = Min, loH = Max 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW v00 = Max, v1N = ov -40 40 -40 40 µA 

loZH Hi-Z Output Leakage Curren~ Output HIGH v00 = Max, v1N = v00 -40 40 -40 40 µA 

los Short-Circuit Output Current Voo = Max, Output HIGH, one pin to ground, -150 -150 mA 

one second duration max 

C1 Input Capacitance TA= 25°C, f = lMHz 10 10 pF 

Co Output Capacitance TA= 25°C, f = lMHz 10 10 pF 

Note: 
1:..Actual test .conditions may vary from those shown, but ·guarantee operation as specified. 

AC characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cv Cycle Time v00 = Min 50 50 ns 

1PWL Clock Pulse Width LOW v00 = Min 20 20 ns 

.tPWH Clock Pulse Width HIGH v00 = Min 20 20 ns 

ts Input Setup Time 15 20 ns 

1s1s11 Input Setup Time, Sl2l -6• FT 1 = HIGH 25 28 ns 

FT1 = LOW 18 20 ns 

tH Input Hold Time 2 3 ns 

tH(SI) Input Hold Time, Sl21-6 5 5 ns 

to Output Delay Voo = Min, CLOAD - 40pF 30 30 ns 

toe Output Delay, Cascaded Voo - Min, CLOAO - lOpF 20 20 ns 

1HO Output Hold Time Voo = Max, CLOAD - 40pF 5 5 ns 

tENA Three-State Output, Enable Delay 1 Voo = Min, CLOAD - 40pF 20 25 ns 

trns Three-State Output, Disable Oelay 1 Voo - Min, CLOAD = 40pF 15 20 ns 

Note: 
1. All transitions are measured at a 1.5V level except for to1s and tENA· 
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Application Discussion 

loading and Updating of Coefficients 

Because of the TMC2243's internal architecture, its impulse 
response is C3, C2, C1, where C3 is the rightmost coefficient 
and C 1 is the leftmost. However, for glitchless performance, 
coefficients must be updated from left to right: C1 then C2 
then C3. 

For example, consider an adaptive filter whose first set of 
coefficients is Ai, second set is Bi and third set is Ci (Figure 
41. First, the TMC2243 is initialized with Ai. If these are loaded 
in numerical lleft to right) sequence, two of the first three 
data points can be loaded with them, as shown in Figure 4. 
Immediately after the third coefficient is loaded, the first 
coefficient of the next set can be loaded, if desired, along with 
the third data point. 

Building Longer Filters 

To build a filter of more than three non-zero stages, merely 
concatenate a series of TMC2243s. The coefficient inputs may 
be connected to the data bus, a separate common coefficient 
bus, or separate buses, depending on system architecture, 
memory and bus resources, and coefficient updating 
requirements. The data inputs are connected to a common bus. 
If the first feedthrough register is used land a zero stage is 
not desired there), an external register should be inserted in 
the data input path for proper timing (Figure 91. 

The 16-bit Sum-Out port of each TMC2243 is connected to 
the Sum -Jn port of the next TMC2243 in the chain; the filter 
output is the Sum -Out port of the last TMC2243. Since the 
6 LSBs of each TMC2243's accumulation pipeline are not 

Table 1. Impulse Response 

000 

001 

010 

011 
100 

101 

110 

111 

Notes: 

Response 

C3 C2 C1 

C3 C2 C1 

C3 C2 C1 0 

C3 C2 C1 

C3 (;2 C1 

C3 C2 C1 

C3 C2 C1 0 

C3 C2 C1 

1 C3 1s the rightmost coefficient, C1 is the leftmost. 

2. FT1 1s relevant only if SUMIN 1s used. When multiple chips are 
cascaded, FT1 ~ LOW places a zero stage between their concatenated 
impulse responses. 

output, each TM C2243 incorporates a rounding increment of 1 
into the sixth bit, to minimize bias. 

When TMC2243s are cascaded in this fashion, the minimum 
permissible clock period is the sum of the output delay and 
the Sum-In port's input setup time. When the Input Registers 
are enabled (that is, FT 1 ~ LOW), full 20MHz performance can 
be obtained. 

All data and coefficient inputs and outputs are two's 
complement representation, whose relative scaling is presented 
in the Data Formats table, Figure 1. Although the data values 
are shown in fractional format, the user can arbitrarily rescale 
them, as long as consistency is maintained. 

Figure 9. Basic Diagram for Stacking the TMC2243 for High-Speed Operation 
(no zero tap desired between each TMC2243, all FT 1 = LOW) 

FROM 
SYSTEM 
BUS ')----+--PICI TMC2243 

sot----+1s1 

CLK )-----+- TO ALL REGISTERS 

TRW LSI Products Inc. 

1-----l-llMCI TMC2243 

DI 

soi------s1 soi-----1~ 

TO 
ADDITIONAL 
STAGES 
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Ordering Information 

42 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2243G8C STD-TA =0°C to 70°C Commercial 68 Pin Grid Array 2243G8C 

TMC2243G8V EXT-Tc= -55°C to 125°C MIL-STD-883 68 Pin Grid Array 2243G8V 

TMC2243H8C STD-TA =0°C to 10°c Commercial 69 Pin Plastic Pin Grid Array 2243H8C 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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CMOS Image Filter 
11x10 Bit, 40MHz 

The TMC2246 is a video speed convolutional array 
composed of four 11 x 10 bit registered multipliers 
foiiowed by a summer and an accumuiator. Aii eight 
multiplier inputs are accessible to the user and may be 
updated every clock cycle with integer or fractional two's 
complement data. A pipelined architecture, fully 
registered input and output ports, and asynchronous 
three-state output enable control simplify the design of 
complex systems. 

The data or coefficient inputs to the multipliers may be 
held over multiple clock cycles, providing storage for 
mixing and filtering coefficients. The 25-bit accumulator 
path of the TMC2246 allows two bits of cumulative 
word growth which may be internally rounded to 16 bits. 
Output data are updated every 25ns clock cycle, and 
may be held under user control. All data inputs, outputs, 
and controls are TTL compatible and are registered on 
the rising edge of clock, except the three-state output 
enable. 

The TMC2246 is uniquely suited to performing pixel 
interpolation in image manipulation and filtering 
applications. As a companion to the TRW TMC2301 
Image Resampling Sequencer, the TMC2246 Image Filter 
can execute a bilinear interpolation of an image (4-pixel 
kernels) at real-time video rates. Larger kernels or other 
more complex functions can be realized with no loss in 
performance by utilizing multiple devices. 

With unrestricted access to all data and coefficient input 
ports, the TMC2246 offers considerable flexibility in 
applications performing digital filtering, adaptive FIR 
filters, mixers, and other similar systems requiring high­
speed processing. 

TRW LSI Products Inc. 
PD. Box 2472 
La Jolla, CA 92038 

Fabricated using TRWs proprietary OMICRON-C™ one­
micron CMOS process, the TMC2246 operates at a 
guaranteed clock rate ot 40MHz over the full 
temperature and supply voltage ranges, and is available 
in a 120 pin plastic pin grid array. 

Features 
• 40MHz Data And Coefficient Input And Computation 

Rate 
• Four 11x10 Bit Multipliers With Individual Data And 

Coefficient Inputs And 25-Bit Accumulator 
• User-Selectable Fractional Or Integer Two's 

Complement Data Formats 
• Input And Output Data Latches, With User-

Configurable Enables 
• User-Selectable 16-Bit Rounded Output 
• Fully Registered, Pipelined Architecture 
• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In A 120 Pin Plastic Pin Grid Array 

Applications 
• Fast Pixel Interpolation 
• Fast Image Manipulation 
• Image Mixing And Keying 
• High-Performance FIR Filters 
• Adaptive Digital Filters 
• One And Two Dimensional Image Processing 
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Functional Block Diagram 
Dlo-9 Clo-10 ENBl D2tJ_9 C2tJ-10 ENB2 DJo-9 CJo-tO ENBJ D4tJ_9 C4tJ-to ENB4 

ACC 

FSEL 

CLK ) .. TO ALL REGISTERS 

Functional Description 

General Information 

The TMC2246 Image Filter is a flexible multiplier­
summer array which computes the accumulated sum of 
four 11 x 10 bit products, allowing word growth up to 25 
bits. The inputs are user-configurable, allowing latching of 
either the 10 or 11-bit input data. The data format is 
user-selectable between integer or fractional two's 
complement arithmetic. Total latency from input registers 
to output data port is five clocks. The output data path 
is 16 bits wide, providing the lower 16 bits of the 
accumulator when in integer format or the upper 16 bits 
of the 25-bit accumulator path when fractional two's 
complement notation is selected. One-time rounding to 
16 bits is performed when accumulating fractional data, 
which is disabled when operating in integer format to 
maintain the integrity of the least-significant bits. 
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io-~~~~~~~~~~ OCEN .__..,___, 

St5-0 

Signal Definitions 

Power 

Voo, GNO The TMC2246 operates from a single + 5V 
supply. All pins must be connected. 

Clock 

CLK The TMC2246 operates from a single 
master clock input. The rising edge of clock 
strobes all enabled registers. All timing 
specifications are referenced to the rising 
edge of clock. 

Inputs 

019_0-
049_0 

01 through 04 are the 10-bit data input 
ports. The LSB is Oxo. See Figure 1. 
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Inputs (cont.) 

C110-o - C1 through C4 are the 11-bit coefficient 
C410-o input ports. The LSB is Cxo. See Figure 1. 

Outputs 

S15-0 

Controls 

FSEL 

The current 16-bit result is available at the 
Sum output. The LSB is So. See Figure 1. 

Data input during the current clock is 

Figure 2. Input Register Control 

ENB1-4 

1 

0 

ENSEL 

0 

x 

Input Register Held 

Data i 
Coefficient i 

None 

Where X denotes a "Don't Care" condition. Any register 
not exp!!cit!y he!d ~s updated Ori th8 next r~sing edge of 
clock. 

assumed to be in fractional two's comple- ACC When the registered Accumulator control is 
LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. If operating in fractional 
two's complement format (FSEL =LOW). 
one-half LSB rounding to 16 bits is 
performed on the result. This allows the 
user to perform summations without 
propagating roundoff errors. When ACC is 
HIGH, the internal accumulator adds the 
emerging product to the sum of previous 
products, without performing additional 

ENSEL 

ENB1-
ENB4 

ment format, rounding to 16 bits is per-
formed as determined by the accumu-
lator control ACC. and the upper 16 bits of 
the accumulator are output when the 
registered Format Select input is LOW. 
When FSEL is HIGH, two's complement 
integer format is assumed, and the lower 
16 bits of the accumulator are presented at 
the output. No rounding is performed when 
operating in integer mode. See Figure 1 
and the Applications Discussion. 

The registeted Enable Select determines 
whether the data or the coefficient input 
registers may be held on the next rising OCEN 
edge of clock, in conjunction with the 
individual input enables ENB1 - ENB4. See 
Figure 2. 

When ENBi (i=1, 2, 3, or 4) is LOW, 
registers Ci and Di are both strobed by the 
next rising edge of CLK. When ENBi is 
HIGH and ENSEL is LOW, Di is strobed, but OEN 
Ci is held. When ENBi and ENSEL are both 
HIGH, Di is held and Ci is strobed. See 
Figure 2. Thus, either or both input 
registers to each multiplier are updated on 
each clock cycle. 

TRW LSI Products Inc. 

rounding. a-. 
The output of the accumulator is latched 
into the output register on the next clock 
when the registered Clock Enable is LOW. 
When OCEN is HIGH the contents of the 
output register remain unchanged, however 
accumulation will continue internally if ACC 
remains HIGH. 

Data currently in the output registers is 
available at the output bus S 15-0 when 
the asynchronous Output Enable is LOW. 
When OEN is HIGH, the outputs are in the 
high-impedance state. 
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Figure 1. Data Formats 
fractional Two's Complement Format (FSEL =LOW) · 

[ 15 I 14 I 13 I 12 I 11 10 9 8 1. 6 

-20 .2-1 2-2 2-3 

-21 20 .2-1 2-2 2-3 

l- 26j 25 J 24 J 23 122 21 20 .2-1 2-2 2-3 

Integer Two's Complement format (FSEL= HIGH) 

-29 28 27 26 

-210 29 28 27 26 

l-21~ 214 J 213 j 2121211 210 29 . 28 27 26 

Note: A minus sign indicates the sign bit. 

Package Interconnections 

Signal Signal 
Type Name. Function 

Power Voo Supply Voltage 
GNO Ground 

Clock CLK System Clock 

Inputs D19_0 01 Input 

029_0 02 Input 

039_0 03 Input 

049_0 04 Input 

Cl 10-0 Cl Input 

C210-o C2 Input 

-'-
C310-o C3 Input 

C410-o C4 Input 

Outputs S15_0 Sum Output 

Controls FSEL Format Select 
ENSEL Enable Select 
ENB1-ENB4 Input Enables 
ACC Accumulate 
OCEN Output Register Enable 

OEN Output Enable 

No Connect Not Connected 
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5 

2-4 

2-4 

2-4 

25 

25 

25 

4 3 2 1 0 

2-5 2-6 2;7 2-8 2-9 

2-5 2-6 2-7 2-8 2-9 

2-5 2-6 2-7 2-8 2-9 

24 23 22 21 20 

24 23 22 21 20 

24 z3 zZ z1 zO 

HS Package Pins 

F3, H3, L7, ca 
E3, G3, J3, LS, Hll, C7 

C3 

Ml, K3, L2, Nl, L3, 
M2, N2, L4, M3, N3 
J12, K13, J11, K12, L13, 
L12, .K11, M13, M12, Lll 
J13, H12, H13, G12, G11, 
G13, F13, F12, Fll, E13 
84, C5, A4, 85, A5, 
C6, BS, A6, A7, 87 
M4, L5, N4, MS, N5, MS, 
NS, M7, N7, NB, MB 
N13, Mll, LIO, N12, Nll, 
MIO, L9, NlO, M9, N9, LB 
E12, 013, Ell, 012, C13, 813, 
011, C12, A13, C11, 812 
AB, 88, A9, 89, A 10, C9, 
810, All, 811, ClO, A12 

Cl, 02, 01, E2, El, F2, Fl, G2, 
Gl, Hl, H2, J1, J2, Kl, K2, Ll 

82 
Al 
C4, A2, A3, 83 
Bl 
03 
C2 

04 (Index Pin) 

~··· .. , .. 
BIT 

DATA (D1.4l 

COEFFICIENT (C1-4) 

SUM 

DATA (D1.4l 

COEFFICIENT (C1.4l 

SUM 

LS Package Pins 

13, 21, 50, 112 
9, 17, 25, 4S, 79, 116 

2 

28, 29, 30, 31, 35, 
36, 37, 38, 39, 40 
77. 7S, 75, 74, 73, 
72, 71, 70, S9, 68 
78, 80, 81, 82, 83, 
84, 85, as. 87, 88 
125, 124, 123, 122, 121, 
120, 119, 118, 117, 115 
41, 42, 43, 44, 45, 47, 
48, 49, 51, 52, 53 
64, S3, 62, Sl, 60, 59, 
58, 57, 5S, 55, 54 
89, 90, 91, 92, 93, 94, 
95, 9S, 97, 101, 102 
114, 113, 111, 110, 109, 108, 
107, 106, 105, 104, 103 

7, 8, 10, 11, 12, 14, 15, IS, 18, 
19, 20, 22, 23, 24, 2S, 27 

3 
130 
128, 127, 12S, 129 
4 
5 
s 
1, 32, 33, 34, 65, SS. 67, 
98, 99, 100, 131, 132 
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Figure 3. Timing Diagram 

CLK I ~tH --I 
D19_g-D4g_g xx DA xxxxx 

--1 i--'s 
c110-o-C410-o xx CA xxxxx 

I I I 
CDNTRDLS 1 xx xxxxx 

II I 
S15_g1 

Notes: 1 Except OEN 

2. Assumes OEN~ LOW 

Figure 4. Equivalent Input Circuit 

n SUBSTRATE 

03 

p WELL 

n+ 

02 

p WELL 

.,,. .,,. GND 

DB xx 
CB )¢( 

~·,l=~'"t xx 
= I I I I 

Figure 5. Equivalent Output Circuit 

n SUBSTRATE 

01 

} p+ -----o OUTPUT 
n+ 

02 

p WELL 

Figure 6. Threshold levels for Three-State Measurement 

THREE-STATE 
OUTPUTS 

TRW LSI Products Inc. 

1ms o.5v 

0.5V 

HIGH IMPEDANCE 

2.0V 
o.av 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ....................................................................................................................................................................................... -0.5 to + 7.0V 

Input Voltage ............................................................................................................................................................................ -0.5 to 1v00 + 0.5)V 

Output 

Applied voltage 2 ................................................................................................................................................... -0.5 to 1v00 + 0.5)V 

Forced current 3.4 .................. ............ ... .............................................. ..................... ......... .................................. .... ......... - 6.0 to 6.0mA 

Short-circuit duration !single output in HIGH state to ground) ........................................................................................ 1 Second 

Temperature 

Operating, case ....................................................................................................................................................... - 60 to + 130°C 

junction ............................................................................................................................................................... '·........ 1 7 5 ° C 

Lead, soldering 110 seconds) ......................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................... -65 to + 150°C 

Notes· Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions 1s NOT 1mpl1ed. 

Applied voltage must be current limited to spec1f1ed range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current 1s spec1f1ed as conventional current flowing rnto the device 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 

V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

tcv Cycle Time Voo= Min 
TMC2246 33 ns 

TMC2246-1 25 ns 

tpwL Clock Pulse Width, LOW Voo=Min 
TMC2246 15 ns 
TMC2246-1 10 ns 

tpwH Clock Pulse Width, HIGH Voo=Min 10 ns 

ts Input Setup Time TMC2246 10 ns 

TMC2246-1 8 ns 

tH Input Hold Time 2 ns 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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Electrical characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max 

IDDQ Supply Current, Quiescent Voo=Max, V1N=OV 6 

loou Supply Current, Unloaded Voo =Max, OEN= 5V, f = 30MHz 100 

Ill Input Current, Logic LOW Voo=Max, V1N=OV -10 -10 

l:H Input Curr8nt. l_ogi~ HIGH Voo-Max, '!ir;-Voo ~ Q '" 

Vol Output Voltage, Logic LOW v00 =Min, loL =Max 0.4 0.4 

VoH Output Voltage, Logic HIGH Voo=Min, loH=Max 2.4 2.4 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 -40 

lozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, V1N=Voo 40 40 

los Short-Circuit Output Voo =Max, Output HIGH, one pin to 60 60 

ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 10 

Co Output Capacitance TA=25°C, f=lMHz 10 10 

Note: 1. Actual test conditions may vary from those shown, but operation is guaranteed as specified. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 2 

Parameter Test Conditions 

to Output Delay Voo=Min, CLoAo=25pF 
TMC2246 

TMC2246-1 

tHo Output Hold Time Voo =Max, CLOAD = 25pF 

tENA Three-State Output Enable Delay 1 Voo =Min, CLOAD = 25pF 

trns Three-State Output Disable Delay I Voo =Min, CLOAD = 25pF 

Notes: I. All transitions are measured at a 1.5V level except for trns and tENA· 

2. Consult factory for extended temperature specifications. 

TRW LSI Products Inc. 

Min Max Min Max 

15 

13 

5 

15 

20 

Units 

mA 

mA 

µA . 
/'M 

v 
v 

µA 

µA 

mA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 

ns 
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Applications Discussion 

Demonstration of Operation 

The versatile input clock enables and unrestricted data 
and coefficient inputs provided on the TMC2246 allow 
considerable flexibility in numerous image and signal 
processing architectures. Figure 7 shows a typical 
sequence of operations which clarifies the inherent clock 
latencies of the device and illustrates fixed coefficient 

Figure 7. Typical TMC2246 Operation Sequence 

CLK 01 C1 ENB1 02 C2 ENB2 DJ CJ 

0 - - 0 - - 0 - -

1 01{1) Cl{l) 1 02{1) C2{1) 1 03{1) C3(1) 

2 01{2) x 0 02{2) x 0 03(2) x 
3 01{3) C1{3) 0 02{3) C2(3) 0 03(3) x 
4 D1{4) C1{4) - 02(4) C2{4) - 03{4) C3(4) 

5 

6 

7 

8 

Notice in this example, operating in fractional two's 
complement mode, that rounding is imposed on the first 

Using the TMC2246 for Pixel Interpolation 

As a companion product to the TMC2301 Image 
Resampling Sequencer, the TMC2246 offers an excellent 
tool for performing high-speed pixel interpolation and 
image filtering. Any pixel resampling operation with 
multiple-pixel kernels must utilize some parallel­
processing technique, such as memory banding, in order 
to maintain high-speed image throughput rates. Memory 
Banding utilizes adders to generate parallel offset 
addresses, allowing the user to access multiple pixel 

50 

storage, product accumulation, and device reconfigura­
tion prior to beginning a new accumulation. This 
assumes that the device is set to fractional two's 
complement mode (FSEL =LOW). with OCEN =LOW, 
OEN= LOW, and the input registers configured to hold 
coefficients only (ENSEL= LOW). X= "don't care." 

ENBJ 04 C4 ENB4 ACC Sum 

0 - - 0 - -
1 04{1) C4(1) 1 0 -
1 04(2) x 1 1 -
0 04{3) x 0 1 

- 04(4) C4(4) - 0 

S{5) = 01{1)C1{1)+ 02{1)C2{1) 

+ 03{1)C3(1) + 04{1)C4(1) +rlO 

S{6) = S{5) + 01 (2)C1(1)+02(2)C2(1) 

+ 03(2)C3(1) + 04(2)C4{1) 

S(7) = S{6) + 01 (3)C1 (3) + 02(3)C2(3) 

+ 03(3)C3{1) + 04{3)C4{1) 

S(S) = 01 (4)C1{4)+02(4)C2(4) 

+ 03(4)C3{4) + 04(4)C4(4) + r 10 

cycle only of an accumulation. This avoids the propaga­
tion of accumulated roundoff errors. 

locations simultaneously. Using such techniques, one 
TMC2246 can perform bilinear interpolation (four-pixel 
kernel) with no loss in system performance. Larger 
kernels can be realized in similar systems with additional 
TMC2246s. See TRW Application Brief AB-4, 
"Performing Bilinear Interpolation Using the 
TMC2301". Figure 8 illustrates a basic pixel inter­
polation application. 

TRW LSI Products Inc. 
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Figure 8. Bilinear Interpolation Using the TMC2246 
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TMC2246 Applications in Digital Filtering 

Unrestricted access to all input ports of the TMC2246 
allows the user considerable flexiblity in realizing 
numerous digital filter architectures. Figure 9 illustrates 
how the device may be utilized as a flexible high-speed 
FIR Filter with the ability to modify all of the filter 
coefficients dynamically or to store a fixed set if desired. 

Figure 9. Utilization of the TMC2246 for FIR Filtering 

ii~iri' 

Longer filters, with more taps, are realized by including 
an external adder (such as the common 74381 type) to 
cascade multiple TMC2246s. Alternatively, two additional 
taps and a cascading adder are available in the TRW 
TMC2249 Digital Mixer. 

DATA--t-------------------41>-----4.,._------

CDEFF ---l>------------+-------------->--_...,._ __ _ 
SELECT ---ll--< _________ -+-_-+-_______ --4_,__ ___ _ 

TMC2246 
S15_0 

FILTER OUTPUT 

TMC2246 
S15-0 

Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name 

C3 CLK G3 GNO L3 015 L7 Voo Lll 020 Gll 035 C11 C31 
82 FSEL Gl S7 M2 014 N7 Clz M12 021 G13 034 812 C3o 
81 ACC Hl S5 N2 013 NB c1 1 M13 02z F13 033 A12 C4o 
03 OCEN H2 S5 L4 012 MB Clo Kll 023 F12 032 C10 C41 
C2 OEN H3 Voo M3 011 LB C2o L12 024 F11 031 . 811 C42 
Cl S15 Jl S4 N3 010 N9 c21 L13 025 E13 030 All C43 
02 S14 J2 S3 M4 C110 M9 C22 K12 025 E12 C310 810 C44 
E3 GNO Kl S2 L5 C19 N10 C23 J11 027 013 C39 C9 C45 
01 S13 J3 GNO N4 C1a L9 C24 K13 029 Ell C3a A10 C45 
E2 S12 K2 S1 M5 C17 M10 C25 J12 029 012 C37 89 C47 
El S11 L1 So N5 C15 N11 C25 J13 039 C13 C35 A9 C4a 
F3 Voo Ml 019 L6 GNO N12 C27 Hll GNO 813 C35 ca Voo 
F2 S10 K3 Ola M6 C15 LlO C2a H12 039 011 C34 88 C49 
Fl S9 L2 017 N6 C14 Mll C29 H13 037 C12 C33 AB C410 
G2 Sa Nl 015 M7 C13 N13 C210 G12 035 A13 C32 87 040 

Pin 

C7 

A7 

A6 

86 
C6 
A5 

85 

A4 

C5 
84 

A3 
A2 

C4 

83 
Al 
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Pin Assignments - 132 Leaded CEROUAD, L5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name 

1 NC 23 S3 45 C15 67 NC 89 C310 111 C4g 
2 CLK 24 S2 46 GNO 68 020 90 C39 112 Voo 
3 FSEL 25 GNO 47 c1 5 69 021 91 C38 113 C49 
4 ACC 26 S1 48 C1 4 70 022 92 C37 114 C410 
5 OCENB 27 So 49 C13 71 023 93 C35 115 040 
6 OENB 28 019 50 Voo 72 024 94 C35 116 GNO 

" S15 29 ;:;; 8 5i C12 73 025 95 C34 117 041 ' 
8 S14 30 017 52 C1 1 74 025 96 C33 118 042 
9 GNO 31 015 53 Clo 75 027 97 C32 119 043 

10 S13 32 NC 54 C2o 76 028 98 NC 120 044 
11 S12 33 NC 55 C2 1 77 029 99 NC 121 045 
12 S11 34 NC 56 C22 78 039 100 NC 122 045 
13 Voo 35 015 57 C23 79 GNO 101 C31 123 047 
14 S10 36 014 58 C24 80 033 102 C3o 124 043 
15 S9 37 013 59 C25 81 037 103 C4o 125 049 
16 Sg 38 012 60 C25 82 035 104 C4 1 126 EN3B 

17 GNO 39 011 61 C27 83 035 105 C42 127 EN2B 

18 S7 40 010 62 C2g 84 034 106 C43 128 EN1B 

19 S5 41 Cl 10 63 C29 85 033 107 C44 129 EN4B 

20 S5 42 C19 64 C210 86 032 108 C45 130 ENSEL 

21 Voo 43 C1g 65 NC 87 031 109 C45 131 NC 

22 S4 44 C17 66 NC 88 030 110 C47 132 NC 

132 100 

13 © © © © © © ©© © © © © © 
12 © © © © ©© © © © © © © © 
11 © © © © ©© ©© © © © © © 

~'" ' '""'""" 
99 

10 © © © © © © 

9 © © © © © © 

8 © © © © © © 
TOP VIEW TOP VIEW © © © CAVITY UP © © © 

© © © © © © 

© © © © © © 

© © © © © 

© © © © © © © © © © © © 

© © © © © © © © © © © © © 33 67 

© © © © © © © © © © © © © 

A B c D E F G H J K M N 
21041A 

34 66 21062A 

120 Pin Plastic Pin Grid Array - H5 Package 132 Leaded CEROUAD - L5 Package 
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Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TMC2246H5C STD-TA =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2246H5C 
TMC2246H5C1 STD-TA =0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2246H5C1 

TMC2246L5V EXT-Tc= -55°C to 125°C MI L-STD-883 132 Leaded CERQUAD 2246L5V 
TMC2246L5V1 EXT-Tc= -55°C to 125°C MlL-STD-883 132 Leaded CERQUAD 2246L5V1 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use rn life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 
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CMOS Digital Mixer 
12 x 12 Bit, 30MHz 

The TMC2249 is a high-speed digital arithmetic circuit 
consisting of two 12-bit multipliers, an adder and a 
cascadi:;auit: a1xurr1uiaiur. Aii four muitipiier inputs are 
accessible to the user, and each includes a user­
programmable pipeline delay of up to 16 clocks in 
length. The 24-bit adder/subtractor is followed by an 
accumulator and 16-bit input port which allows the user 
to cascade multiple TMC2249s. A new 16-bit 
accumulated output is available every clock, up to the 
maximum rate of 30MHz. All inputs and outputs are 
registered except the three-state output enable, and all 
are TTL compatible. 

The TMC2249 utilizes a pipelined, bus-oriented structure 
offering significant flexibility. Input register clock enables 
and programmable input data pipeline delays on each 
port offer an adaptable input structure for high-
speed digital systems. Following the multipliers, the user 
may perform addition or subtraction of either product, 
arithmetic rounding to 16 bits, and accumulation and 
summation of products with a cascading input. The 
output port allows access to all 24 bits of the internal 
accumulator by switching between overlapping least and 
most-significant 16-bit words, and a three-state output 
enable simplifies a connection to an external system bus. 

All programmable features are utilized on a clock­
by-clock basis, with internal data and control pipeline 
registers provided to maintain synchronous operation 
between incoming data and all available functions within 
the device. 

The TMC2249 has numerous applications in digital 
processing algorithms, from executing simple image 
mixing and switching, to performing complex arithmetic 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla. CA 92038 

functions and complex waveform synthesis. FIR filters, 
digital quadrature mixers and modulators, and vector 
arithmetic functions may also be implemented with this 
device. 

Fabricated using TRWs proprietary OMICRON-C™ one­
micron CMOS process, the TMC2249 operates at a 
guaranteed clock rate of 30MHz over the standard 
commercial temperature and supply voltage ranges, and 
is available in a low-cost 120 pin plastic pin grid array. 

Features 
• 30MHz Input And Computation Rate 
• Two 12-Bit Multipliers With Separate Data And 

Coefficient Inputs 
• Independent, User-Selectable Pipeline Delays Of 1 to 

16 Clocks On All Input Ports 
• Separate 16-Bit Input Port Allows Cascading Or 

Addition Of A Constant 
• User-Selectable Rounding Of Products 
• Fully Registered, Pipelined Architecture 
• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In A 120 Pin Plastic Pin Grid Array 

Applications 
• Video Switching 
• Image Mixing 
• Digital Signal Modulation 
• Complex Frequency Synthesis 
• Digital Filtering 
• Complex Arithmetic Functions 
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Functional Block Diagram 

ENA ADEL3 •0 

Functional Description 

General Information 

The TMC2249 performs the summation of products 
described by the formula: 

SIN+ 6) = AIN-ADEL) •BIN- BDEL)o(-1 NEG1 INI) 

+ CIN-CDEL) • D(N- DDEL)o(-1 NEG2(N)) + CAS(N + 3• FT) 

where ADEL through DDEL range from 1 to 16 pipe 
delays. All inputs and controls utilize pipeline delay 
registers to maintain synchronicity with the data input 
during that clock, except when the Cascade data input is 
routed directly to the accumulator by use of the 
Feedthrough control. One-half LSB rounding to 16 bits 
may be performed on the sum of products while 
summing with the cascade input data. The user may 
access either the upper or lower 16 bits of the 24-bit 
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12 

1 

12x(16:1)MUX 

12 

accumulator by swapping overlapping registers. The 
output bus has an asynchronous high-impedance enable, 
to simplify interfacing to complex systems. 

Signal Definitions 

Power 

Voo. GND The TMC2249 operates from a single + 5V 
supply. All power and ground pins must be 
connected. 

Clock 

CLK The TMC2249 operates from a single 
master clock input. The rising edge of clock 
strobes all enabled registers. All timing 
specifications are referenced to the rising 
edge of clock. 

TRW LSI Products Inc. 
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Inputs 

A11-0- A through D are the four 12-bit regis-
D11-0 tered data input ports. Ao-Do are the LSBs. 

See Table 1. Data presented to the input 
ports is clocked in to the top of the 
16-stage delay pipeline on the next clock 
when enabled, "pushing" data down the 
register stack. 

CAS15-0 CAS is the 16-bit Cascade data input port. 
CASo is the LSB. See Table 1. 

Outputs 

S15-0 The current 16-bit result is available at the 
Sum output. The LSB is So. The output 
may be the most or least significant 16 bits 
of the current accumulator output, as 
determined by SWAP. So is the LSB. See 
Table 1. 

Controls 

ENA-END Input data presented to port i11-0 (i =A, B, 
C, or DI are latched into delay pipeline i, 
and data already in pipeline i advance by 
one register position, on each rising edge 
of CLK for which ENi is LOW. When ENi is 
HIGH, the data in pipeline i do not move 
and the value at the input port i will be 
lost before it reaches the multiplier. 

ADEL3_0- ADEL through DDEL are the four-bit 
DDEL3_0 registered input data pipe delay select word 

inputs. Data to be presented to the multi-
pliers is selected from one of sixteen stages 
in the input data delay pipe registers, as 
indicated by the delay select word 
presented to the respective input port . 
during that clock. The minimum delay 1s 
one clock (select word= 0000), and the 
maximum delay is 16 clocks (select 
word=1111). Following powerup these 
values are indeterminate and must be 
initialized by the user. 

NEG1, NEG2 The products of the multipliers are negated. 
causing a subtraction to be performed 
during the internal summation of products, 
when the Negate controls are HIGH. NEG1 
negates the product Ax B, while NEG2 acts 
on the output of the multiplier which 
generates the product C x D. These controls 

TRW LSI Products Inc. 

RND 

FT 

CASEN 

ACC 

SWAP 

OE 

indicate the operation to be performed on 
data input during the current clock, when 
the length controls ADEL- DDEL are set to 
zero. 

When the rounding control is HIGH, the 
sum of products resulting from data input 
during that clock is rounded to 16 bits. 
Rounding is performed only during the 
fir~l t:ycie of each accumulation sequence, 
to avoid the accumulation of roundoff 
errors. 

When the Feedthrough control is HIGH, the 
pipeline delay through the cascade data 
path is minimized to simplify the cascading 
of multiple devices. When FT is LOW and 
ADEL through DDEL are all set to 0, the 
data inputs are aligned, such that 
S(n + 6) = CAS(n) + A(n)B(n) + C(n)D(n). 
See Table 2. 

Data presented at the cascade data input 
port are latched and accumulated i.nternally 
when the input enable CASEN during that ..... 
clock is LOW. When CASEN is HIGH, the ..... 
cascade input port is ignored. 

When the registered Accumulator control 
is LOW, no internal accumulation will be 
performed on the data input during the 
current clock, effectively clearing the prior 
accumulated sum. When ACC is HIGH, 
the internal accumulator adds the emerging 
product to the sum of previous products. 

The user may access both the most and 
least-significant 16 bits of the 24-bit 
accumulator by utilizing SWAP. Normal 
operation of the device, with SWAP= ~IGH, 
outputs the most significant word. Setting 
SWAP= LOW puts a double-register 
structure into "toggle" mode, allowing the 
user to examine the LSW on alternate 
clocks. New output data will not be clocked 
into the output registers until SWAP returns 
HIGH. 

Data currently in the output registers is 
available at the output bus S 15-0 when the 
asynchronous Output Enable is LOW. When 
OE is HIGH, the outputs are in the high­
impedance state. 
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Table 1. Data Formats and Bit Weighting 

[ 1s I 14 I 13 I 12 11 10 9 B 7 6 

_ 211 z1D z9 zB z7 z& 

~ 22~ 222 J 221 I 220 219 z1B z17 21& 21s 214 

21s 214 213 212 211 210 z9 zB z7 z& 

_ 223 222 221 220 219 z1B 211 z1& 21s 214 

Note: 1. A minus sign indicates the sign bit. 

Package Interconnections 

Signal Signal 
Type Name Function 

Power vDD Supply Voltage 
GND Ground 

Clock CLK System Clock 

Inputs A11-0 A Input 

B11-o B Input 

C11-o C Input 

D11-0 D Input 

ADEL3_0 A Delay 

BDEL3_0 B Delay 

CDEL3_0 C Delay 

DDEL3_0 D Delay 

CAS15-0 Cascade Input 

Outputs S15-0 Sum Output 

Controls ENA-END l~ut Enables 
NEGl, NEG2 Negate 
RND Round 
FT Feedthrough 
CASEN Cascade Enable 
ACC Accumulate 
SWAP Swap Output Words 
OE Output Enable 

No Connect NC None 

Index Pin 
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5 

z5 

213 

z5 

213 

4 3 2 

z4 z3 z2 

212 z11 210 

1 

z1 

z9 

0 

zO 

zB 

BIT 

DATA INPUT (A11-o-D11-ol 

CASCADE INPUT (CAS1s-ol 

SUM (S1s-ol 

z4 z3 z2 z1 zO LSW 

212 z11 210 z9 zB MSW 

HS Package Pins LS Package Pins 

F3, H3, L7, ca 13, 21, 50, 112 
E3, G3, J3, L6, H11, C7 9, 17, 25, 46, 79, 116 

C3 2 

NS, MS, LS, N9, M9, N10, 52, 53, 54, 55, 56, 57, 
L9, M10, Nll, N12, LlO, Mll 58, 59, 60, 61, 62, 63 
N7, M7, N6, M6, N5, M5, 51, 49, 48, 47, 45, 44, 
N4, L5, M4, N3, M3, L4 43, 42, 41, 40, 39, 38 
A9, B9, A10, C9, B10, All, 111, 110, 109, 108, 107, 106, 
Bll, ClO, A12, B12, Cll, A13 105, 104, 103, 102, 101, 100 
BS, AS, B7, A7, A6, B6, 113, 114, 115, 117, 118, 119, 
C6, A5, B5, A4, C5, B4 120, 121, 122, 123, 124, 125 
Lll, M12, M13, K11 68, 69, 70, 71 
M2, L3, Nl, L2 36, 35, 31, 30 
Dll, B13, C13, D12 95, 94, 93, 92 
A2, C4, B3, Al 127, 128, 129, 130 
L13, K12, Jll, K13, J12, J13, 73, 74, 75, 76, 77, 78, 80, 81, 
H12, H13, G12, Gll, G13, F13, 82, 83, 84, 85, 86, 87, 88, 89 
F12, Fll, E13, E12 

Cl, D2, Dl, E2, El, F2, Fl, G2, 7, 8, 10, 11, 12, 14, 15, 16, 
Gl, Hl, H2, Jl, J2, Kl, K2, L1 18, 19, 20, 22, 23, 24, 26, 27 

N13, N2, C12, A3 64, 37, 96, 126 
Bl, D3 4, 5 
C2 6 
Ell 91 
013 90 
B2 3 
K3 29 
Ml 28 

L12 1, 32, 33, 34, 65, 66, 67, 
72, 98, 99, 100, 131, 132 

D4 
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Figure 1. Timing Diagram 

2 

CLK I I 
-H tH --

A11-o-D11-o xx DA xxxx DB xx 
I I I 

CONTROLSl xx · xxxx xx 
St5-02 --j•sf--

Notes: 1. Except OE. 
2. Assumes OE= LOW, and ADEL- DDEL set to 0. 

Figure 2. Equivalent Input Circuit 
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Figure 4. Threshold Levels for Three-State Measurement 
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Figure 3. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................ - 0.5 to + 7 .OV 

Input Voltage ........................................................................................................................................................... , ..................... -0.5 to (Voo + 0.5)V 

Output 
Applied voltage 2 ................................................................................................................................................. ,. -0.5 to (Voo + 0.5)V 
Forced current 3.4 ......................................................................................................................... ,. ................ : ................. - 6.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................... 1 Second 

Temperature 
Operating, case .............................................................................................................................................................. -60 to + 130°C 

junction ........................................................................................................................................................................... 175°C 
Lead, soldering (10 seconds) ......................................................................................................................................................... 300°C 

Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 1 

Parameter Test Conditions Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 
VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

tcy Cycle Time Voo=Min 
TMC2249 40 ns 
TMC2249-1 33 ns 

tpwL Clock Pulse Width, LOW Voo=Min 15 ns 

tpwH Clock Pulse Width, HIGH Voo=Min 10 ns 

ts Input Setup Time 8 ns 

tH Input Hold Time 4 ns 

TA Ambient Temperature, Still Air Q. 70 ·c 

Tc Case Temperature -55 125 •c 
·----L--------- ___ ___. ___ 

Note: 1. Consult factory for extended temperature specifications. 
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DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

IDDQ Supply Current, Quiescent VDD=Max, V1N=OV 6 mA 

IDDU Supply Current, Unloaded VDD=Max, OEN=5V, 1=25MHz 100 mA 

Ill Input Current, Logic LOW VDD=Max, V1N=OV -10 -10 µA 

l1H Input Current, Logic HIGH VDD=Max, V1N=VDD 10 10 µA 

Vol Output Voltage, Logic LOW VDD= Min, loL =Max 0.4 0.4 v 

VoH Output Voltage, Logic HIGH VDD= Min, loH =Max 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW VDD=Max, V1N=OV -40 -40 µA 

lozH Hi-Z Output Leakage Current, Output HIGH vDD=Max, V1N=VoD 40 40 µA 

los Short-Circuit Output Voo= Max, Output HIGH, one pin to 60 60 mA 

ground, one second duration max. 

C1 Input Capacitance TA=25°C, l=lMHz 10 10 pF 

Co Output Capacitance TA=25°C, 1=1MHz 10 10 pF 

Note I Actual test cond1t1ons may vary from those shown, but operation 1s guaranteed as specified. 

AC characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

to Output Delay VDD=Min, CLOAD=25pF 
TMC2249 17 ns 

TMC2249-1 15 ns 

tHo Output Hold Time VDD= Max, CLOAD = 25pF 5 ns 

1ENA Three-State Output Enable Delay I VDD =Min, CLOAD = 25pF 15 ns 

1DIS Three-State Output Disable Delay I VDD =Min, CLOAD = 25pF 20 ns 

Note· 1 All transitions are measured at a 1 5V level except for trns and tENA 
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Applications Discussion 

Basic Operation 

The TMC2249 is a flexible signal and image processing 
building block with numerous user-selectable functions 
which expand it's usefulness. Table 2 clarifies the 

Table 2. TMC2249 Operation Sequence 

operation of the device, demonstrating the various 
features available to the user and the timing delays 
incurred. 

CLK ADEL A11.o BDEL 811.0 CDEL C11-0 DDEL D11-0 NEG1 NEG2 CAS1s-o FT ACC RND SWAP 815_0 

1 0 Alli 0 Bill 0 C(l) 0 0(1) L 
2 0 A(2) 0 Bl2) 0 c121 0 012) L 
3 0 Al3) 0 Bl3) 0 Cl31 0 0131 H 
4 0 Al41 0 Bl41 0 Cl41 0 0141 L 
5 0 Al5) 0 Bl5) 0 Cl5) 0 0151 L 
6 0 A(6) 0 Bl61 0 Cl6) 0 0161 L 
7 0 A17) 0 8(7) 0 C171 0 017) L 
B 0 AIB) 0 BIBI 0 C(B) 0 O(B) L 
9 0 Al9) 0 Bl91 0 Cl9) 0 0191 L 

10 
11 
12 
13 
14 

Where H =HIGH, L= LOW. "ms" indicates most 
significant output word (bits 23 - 8). "Is" indicates least 
significant word (bits 15- 0). The appropriates enables 
for the indicated data are assumed, otherwise ' - ' 

Digital Filtering 

The input structure of the TMC2249 demonstrates great 
versatility when all four multiplier inputs and the pro­
grammable delay registers are utilized. Tables 3 and 4 
demonstrate how a direct-form symmetric FIR filter of 
up to 32 taps can be implemented. By utilizing the four 
input delay registers as pipelined storage banks, the user 
can store up to 32 coefficient-data word pairs, split into 
alternate "even" and "odd" halves. Two taps of the 
filter are calculated on each clock, and the user then 
increments/decrements the delay words (ADEL- DDEL). 
The sums of products are successively added to the 
global sum in the internal accumulator. Once all of the 
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L 
H 

L 
L 
L 
L 
L 
L 
L 

- L L L H -
- L L L H -
- L L L H -

CASl4) L L L H -
- L L L H -
- L L H H IA(l)•Blll +Cll)·Ollllms 
- L H H H IA(2) • Bl21- C(2) • 01211ms 

CASIBI H L L L l-A(3) • 8131+C(3)•0(311ms 

- L L L H IAl41•8(4) + Cl41•0141 + CAS1411ms 
(Al5) • 8(5) + Cl5) • 0151 + CASIBllms 
IAl61• 8(6) + Cl61· 0161+271ms 
(A17) • B(7) + C171•017) + S(l 1 llms 

(Sl12111s 
IA(9) ·BIBI+ C171 • Ol611ms 

indicates that port not enabled. Note that the output 
data summation including A(8) - 0(8) is lost, since the 
output on cycle 13 is swapped to the LSW of S( 12) on 
cycle 8. 

products of the desired taps have been summed, the 
resultant is available at the output. The user then 
"pushes" a new time-data sample on to the appropriate 
even or odd data register "stack" and reiterates the 
summation. Note that the coefficient bank "pointers", 
the BDEL and DDEL delay words, are alternately 
incremented and decremented on successive filter passes 
to maintain alignment between the incoming data 
samples and their respective coefficients. The effective 
filter speed is calculated by dividing the clock rate by 
one-half the number of taps implemented. 
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Table 3. Using the TMC2249 to Perform FIR Filtering - Initial Data Loading 

Even Data Odd Data Coefficient Storage 

Register Position (Hex) A c B D 

0 x(31) x(30) h(O) h(l) 

1 x(29) x(28) h(2) h(3) 

2 x(27) x(26) h(4) h(5) 

3 x(25) x(24) h(6) h(7) 

4 x(23) x(22) h(B) h(9) 

5 x(21) x(20) h(l 0) h(l 1) 

6 x(19) x(l 8) h(12) h(13) 

7 x(17) x(16) h(14) h(15) 

8 x(15) x(14) h(l 5) h(14) 

9 x(13) x(12) h(13) h(12) 

A x(ll) x(lO) h(l 1) h(lO) 

B x(9) x(B) h(9) h(B) 

c x(7) x(6) h(7) h(6) 

D x(5) x(4) h(5) h(4) 

E x(3) x(2) h(3) h(2) 

F x(l) x(O) h(l) h(O) 

Table 4. FIR Filtering - Operation Sequence 

Push Push Resultant 
Cycle A B c D ADEL CDEL BDEL DDEL ACC ENA ENC ENB END Convolution Sum Output 

1 - - - - 0 0 0 0 H H H H H x(31) • h(O) + x(30) ·h(l) 

2 - - - - 1 1 1 1 H H H H H + x(29)·h(2) + x(28)·h(3) 

3 - - - - 2 2 2 2 H H H H H + x(27) • h(4) + x(26)·h(5) 

4 - - - - 3 3 3 3 H H H H H + x(25)• h(6) + x(24) • h(7) 

5 - - - - 4 4 4 4 H H H H H + x(23) • h(B) + (22) • h(9) 

6 - - - - 5 5 5 5 H H H H H + x(21)·h(l O)+x(20)·h(l 1) 

7 - - - - 6 6 6 6 H H H H H + x(19)·h(l 2) +x(18)o(13) 

8 - - - - 7 7 7 7 H H H H H + x(17)·h(14) +x(16)•h(l 5) 

9 - - - - 8 8 8 8 H H H H H + x(l 5)·h(l 5) + (14)•h(14) 

10 - - - - 9 9 9 9 H H H H H + x(13)·h(13) + x(12)·h(l 2) 

11 - - - - A A A A H H H H H +x(l l)·h(l 1) + x(lO)·h(l 0) 

12 - - - - B B B B H H H H H + X(9) • h(9) + x(B) • h(B) 

13 - - - - c c c c H H H H H + x(7) • h(7) + x(6) • h(6) 

14 - - - - D D D D H H H H H + x(5) • h(5) + x(4) •h(4) 

15 - - - - E E E E H H H H H + x(3)•h(3) +x(2)·h(2) 

16 - - x(32) - F F F F H H L H H + x(l)•h(l) +x(O)•h(O) 

17 - - - - 0 0 F F H H H H H x(31) • h(l) + x(32) ·h(O) 

18 - - - - 1 1 E E H H H H H + x(29)•h(3) +x(30)•h(2) 

19 - - - - 2 2 D D H H H H H + x(27) • h(5) + x(28)• h(4) 

20 - - - - 3 3 c c H H H H H + x(25) • h(7) + x(26)· h(6) 31 

21 - - - - 4 4 B B H H H H H + x{23) • h(9) + x{24)• h{B) S = l: h{k)x{n - k) 

k=O 
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Digital Filtering (cont.) 

Alternatively, non-symmetric FIR Filters can be 
implemented using the TMC2249 in a similar fashion. 
Here, a shift register is used to delay the incoming data 
fed to the A input by an amount equal to one-half the 
length of the filter (the length of the A delay register). 
As shown in Figure 5, the data is then sent to the C 
input, thus "stacking" the A and C delay registers to 
create a single N-tap FIR filter. The incremented delay 
words (ADEL- DDEL) for all four inputs are identical. 
Again, the filter throughput is equal to the clock speed 
divided by one-half the number of taps implemented. 

Figure 5. Non-Symmetric 32-Tap FIR Filtering 
Using the TMC2249 

x(m) 

TMC2011 

16-STAGE 
SHIFT REGISTER 

A B 

x(m + 0) h(O) 

C D 
x(m + 16) h(16) 

x(m + 15) h(151 x(m + 311 h(311 

TMC2249 

s1s-o 

FILTER 
OUTPUT 

Complex Arithmetic Functions 

The TMC2249 can also be used to perform complex 
arithmetic functions. The basic function performed by the 
device, ignoring the delay controls, 

SUM= l±A·B) + l±C•D), 

can realize in two steps the familiar summation: 

IP+jR)IS+jT) =!PS-RT)+ jiPT+SR) 
111 12) 

by loading the TMC2249 as follows: 

TMC2249 Inputs 

Step A B c D NEG1 NEG2 Resultant Output 

1 p s R T L H !PS-RT) 

2 p T R s L L (PT +SR) 

where H and L indicate a logic HIGH and LOW. 

64 

Thus we can perform a complex multiplication in two 
clock cycles. Notice that the user must switch the two 
components of the second input vector between the B 
and D inputs to obtain the second complex summation. 

Calculating a Butterfly 

Taking advantage of the complex multiply which we 
implemented above using the TMC2249, we can expand 
slightly to calculate a Radix-2 Butterfly, the core of the 
Fast Fourier Transform algorithm. To review, the Butterfly 
is calculated as shown in Figure 6. 

Figure 6. Signal Flow Diagram of Radix-2 Butterfly 

Where X = A+B(WNfJ 
Y = A-B(WNrl. 

and wNr is the complex phase coefficient. or "twiddle 
factor" for the N-point transform, which is: 

wNr = e - j(27r/N) 

= cos(27r/N) + jisin(27r/N)) 
= Re(W) + jlm(W). 

with Re and Im indicating the real and imaginary parts 
of the vector. 

Expanding the complex vectors A and B to calculate X 
and Y, we get: 

X = IRe(A) + jlm(A)) + IRe(B)Re(W)- lmiB)lm(W) + jiRe(B)lm(W) + lm(B)Re(W)) 

= (Re(A) + Re(B)Re(W)- lmlB)lmlW)) + jilm(A) + Re(B)lm(W) + lm(B)Re(W)) 

= Re(X)+jlm(X) 

and, 

Y = (Re(A) + jlm(A))- IRe(B)Re(W)- lmlB)lmlWI + jiRe(B)lmlWI + lmlB)RelWll 

= (Re(A)- ReiB)Re(W) + lm(B)lm(W)) + jilmlA)-RelB)lmiW)- lmlB)Re(W)) 

= Re(Y)+jlmlY) 
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Calculating a Butterfly (cont.) 

The butterfly is then neatly implemented in four clocks, 
as follows: 

TMC2249 Inputs 

CAS Resultant 
Step A B c D Input NEG1 NEG2 Output 

1 Rel Bl ReiW) lmlBI lmlWI Re IA) L H Re(X) 

2 Re(B) ReiWI lm(Bl lm(W) Re(A) H L Re(Y) 

3 Re(B) lm(W) lm(B) ReiW) lm(A) L L lm(X) 

4 Re(B) lm(W) lm(B) ReiW) lm(A) H H lm(Y) 

Notice again that the components of the second vector 
must be switched by the user on the second half of the 
computation, as well as the parts of the vector 
presented to the cascade input. 

Quadrature Modulation 

The TMC2249 can also be used to advantage as a 
digital-domain complex frequency synthesizer, as 
demonstrated in Figure 7. Here, orthogonal sinusoidal 
waveforms are generated digitally by sequentially 
addressing Sine and Cosine ROMS. These quadrature 
phase coefficients can then be multiplied with two input 
signals, such as digitized analog data. The TMC2249 
then adds these products, which could be output directly 
to a high-speed digitai-to-anaiog convener such as the 
TRW TDC1012 for direct waveform synthesis. This 12-bit. 
20MHz DAC is ideally suited to waveform generation, 
featuring extremely low glitch energy for low spurious 
harmonics. 

Figure 7. Direct Quadrature Waveform Synthesizer Using the TMC2249 

B=SIGNAL 1 

12 

A= MIXER 16 RPT liE 
AMPLITUDE 

R 12M x 
TMC2330 12M OUTPUT = Ax (B x COS(FT) + C x SIN (FT)) 

32 y 

F= MIXER p 
FREQUENCY 

01 

Pin Assignments - 120 Pin Plastic Pin Grid Array, H5 Package 

Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name Pin Name 

C3 CLK G3 GND L3 BDELz L7 vDD Lil ADEL3 Gil CAS5 Cll C1 C7 GND 
B2 ACC G1 S7 M2 BDEL3 N7 B11 M12 ADELz G13 CAS5 B12 C2 A7 DB 
Bl NEGl Hl S5 N2 ENB NB A11 M13 ADEL1 F13 CAS4 A12 C3 A6 D1 
D3 NEG2 H2 S5 L4 Bo MB A10 Kll ADE Lo F12 CAS3 ClO C4 B6 D5 
C2 RND H3 vDD M3 B1 LB Ag L12 NC Fil CASz Bll C5 C6 D5 
Cl S15 Jl S4 N3 Bz N9 Ag L13 CAS15 E13 CAS1 All C5 A5 D4 
D2 S14 J2 S3 M4 B3 M9 A1 K12 CAS14 E12 CASo BlO C7 B5 D3 
E3 GND Kl Sz L5 B4 NlO A5 Jll CAS13 D13 CASEN C9 Cg A4 Dz 
Dl S13 J3 GND N4 B5 L9 A5 K13 CAS12 Ell FT AlO C9 C5 D1 
E2 S12 K2 S1 M5 B5 M10 A4 J12 CAS11 D12 CDELo B9 C10 B4 Do 
El S11 L1 So N5 B1 Nil A3 J13 CAS10 C13 CDEL1 A9 C11 A3 END 
F3 vDD Ml OE L6 GND N12 Az Hll GND B13 CDELz CB vDD A2 DDEL3 
F2 S10 K3 SWAP M6 Bg LIO A1 H12 CAS9 Dll CDEL3 BB D11 C4 DDELz 
Fl S9 L2 BDELo N6 Bg Mil Ao H13 CASB C12 ENC AB D10 B3 DDEL1 
G2 Sg Nl BDEL1 M7 Bio N13 ENA G12 CAS7 A13 Co B7 Dg Al DDELo 
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Pin Assignments - 132 Leaded CEROUAD, L5 Package 

Pin 

1 

2 

3 

4 

5 

6 

7 

s 

9 

10 

11 

12 

13 

14 

15 

16 

17 

lS 

19 

20 

21 

22 

66 

Name Pin Name Pin Name 

NC 23 S3 45 87 
CLK 24 S2 46 GND 

ACC 25 GND 47 Bs 
NEGl 26 S1 4S 89 
NEG2 27 So 49 810 
RND 2S DE 50 vDD 

S15 29 SWAP 51 811 

S14 30 BDELo 52 An 
GND 31 BDEL1 53 A10 

S13 32 NC 54 Ag 

S12 33 NC 55 As 

S11 34 NC 56 A1 

vDD 35 BDEL2 57 A5 

S10 36 BDEL3 5S A5 

S9 37 ENB 59 A4 

Ss 3S Bo 60 A3 
GND 39 81 61 A2 

S7 40 82 62 A1 

S5 41 83 63 Ao 

S5 42 84 64 ENA 

vDD 43 85 65 NC 

S4 44 85 66 NC 

13 © © © © © © © © © © © © © 
12 © © © © © © © © © © © © © 
11 © © © © © © © © © © © © © 
10 © © © 
9 © © © 

©©© 
©©© 

8 ©©© ©©© 
7 ©©© ©©© 
6 ©©© ©©© 
5 ©©© ©©© 
4 ©©© ©©© 
3 ©©©©©©©©©©©©© 

©©©©©©©©©©©©© 
©©©©©©©©©©©©© 

ABCDEFGHJKLMN 
21041A 

120 Pin Plastic Pin Grid Array - H5 Package 
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70 

71 

72 
73 

74 

75 

76 

77 

7S 

79 

so 

S1 

S2 

S3 

S4 

S5 

S6 

S7 

SS 

Name Pin Name Pin Name 

NC S9 CASo 111 C11 
ADEL3 90 CASEN · 112 vDD 
ADEL2 91 FT 113 Dll 
ADEL1 92 CDELo 114 D10 
ADE Lo 93 CDEL1 115 Dg 
NC 94 CDEL2 116 GND 

CAS15 95 CDEL3 117 Ds 
CAS1 4 96 ENC 11S D1 
CAS13 97 Co 119 D5 
CAS12 9S NC 120 D5 
CAS11 99 NC 121 D4 
CAS10 100 NC 122 D3 
GND 101 C1 123 D2 
CAS9 102 C2 124 Dl 
CASs 103 C3 125 Do 
CAS7 104 C4 126 END 

CAS5 105 C5 127 DDEL3 

CAS5 106 C5 12S DDEL2 

CAS4 107 C7 129 DDEL1 

CAS3 lOS Cs 130 DDELo 

CAS2 109 Cg 131 NC 

CAS1 110 C10 132 NC 

132 100 

~ / PIN 1 IDENTIFIER 

TOP VIEW 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2249H5C STD-TA=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2249H5C 

TMC2249H5C1 STD-TA= 0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 2249H5C1 

TMC2249L5V EXT-Tc= -55°C to 12s0 c MIL-STD-883 132 Leaded CERQUAD 2249L5V 

TMC2249L5V1 EXT-Tc= -55°C to 125°C MIL-STD-883 132 Leaded CERQUAD 2249L5V1 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate, TRW reserves the right to change 
proaucts ana spec1ncat1ans w1tnout notice, I n1s mtormat1on does not convey any license under patent rights of TRW Inc, or others 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc, against all damages. 
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TMC2250 

Matrix Multiplier 
12 x 10 Bits, 40MHz 

The TMC2250 is a flexible high-performance nine­
multiplier array VLSI circuit which can execute a 
cascadeable 9-tap FIR filter, a cascadeable 4 x 2 or 
3 x 3-pixel image convolution, or a 3 x 3 color space 
conversion. All configurations offer throughput at up to 
the maximum guaranteed 40MHz clock rate with 12-bit 
data and 10-bit coefficients. All inputs and outputs are 
registered on the rising edges of the clock. 

The 3 x 3 matrix multiply or color conversion configu­
ration can perform video standards conversion (YIO or 
YUV to RGB, etc.) or three-dimensional perspective 
translation at real-time video rates. 

The 9-tap FIR filter configuration, useful in Video, 
Telecommunications, and Signal Processing, features 

Logic Symbol 

CLOCK 

a 16-bit cascade input to allow construction of 
longer filters. 

The cascadeable 3 x 3 and 4 x 2-pixel image convolver 
functions allow the user to perform numerous image 
processing functions, including static filters and edge 
detectors. The 16-bit cascade input port facilitates two­
chip 40MHz cubic convolution (4 x 4-pixel kernel). 

The TMC2250 is fabricated in TRW's OMICRON-C™ 
one-micron CMOS process and operates at clock speeds 
of up to 40MHz over the full commercial (0°C to 70°C) 
temperature and supply voltage ranges. It is available in 
a 121 pin plastic pin grid array (PPGA) package. All input 
and output signals are TTL compatible. 

PIN DATA CASCADE 
NAME OUTPUT INTERFACE 

CONTROL DODE (1,0) @@@ ~~ XC (11 ·0) = X (11·0)/CASIN (15-4) CWE(1,0) 

r·· COEFFICIENT KB (9 • 0) 
INPUTS 

KC(9·0) 

{""' DATA 
INPUTS Bl11 ·0) 

c (11·0) 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

10 

10 

10 

12 

12 

12 

@@@ 
@@@ 12 

9 • MULTIPLIER ARRAY 

Phone: (619) 457-1000 
FAX (6191 455-6314 

YC (11·8) = Y (11·8) I CASIN (3 • 0) 

Y(7·4) = Y(7·4) 

YC(3·0) = Y(3·0)/CASOUT(3·0) 

ZC (11 • 0) = Z (11 • 0) I CASOUT (15 • 4) 

21280A 
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TMC2.250 

Features 
• . Four User-Selectable Filtering And Transformation 

Functions: 
Triple Dot Product 13 x 3) Matrix Multiply 
Cascadeable 9-Tap Systolic FIR Filter 
Cascadeable 3 x 3-Pixel Image Convolver 
Cascadeable 4 x 2-Pixel Image Convolver 

• 40MHz l25ns) Pipelined Throughput 
• 12-Bit Input And Output Data, 10-Bit Coefficients 
• 16-Bit Cascade Input And Output Ports In All Filter 

Modes 
• Onboard Coefficient Storage, With Three-Cycle 

Updating Of All Nine Coefficients 

Applications 
• Image Filtering And Manipulation 
• Video Effects Generation 
• Video Standards Conversion And Encoding/Decoding 
• Three-Dimensional Image Manipulation 
• Medical Image Processing 
• Edge Detection For Object Recognition 
• FIR Filtering For Communications Systems 

Functional Description 

General Information 

The TMC2250 is a nine-multiplier array with the internal 
bus structure and summing adders needed to implement 
a 3 x 3 matrix multiplier !triple dot product) or cascade­
able 9-tap FIR filter, 3 x 3-pixel convolver, or 4 x 2-pixel 
convolver, all in one monolithic circuit. With a 30MHz 
guaranteed maximum clock rate, this device offers video 
and imaging system designers a single-chip solution to 
numerous common image and signal-processing problems. 

The three data input ports IA. B, C) accept 12-bit two's 
complement integer data, which is also the format for 
the output ports IX. Y. Z) in the matrix multiply mode 
!Mode 00). In the filter configurations !Modes 01, 10, 

70 

and 11). the cascade ports assume 12-bit integer, 4-bit 
fractional two's complement data on both input and 
output. The coefficient input ports IKA, KB, KC) are 
always 10-bit two's complement fractional. Table 1 
details the bit weighting of the input and output data in 
all configurations. 

Operating Modes 

The TMC2250 can implement four different digital filter 
architectures. Upon selection of the desired function by 
the user !MODE 1-0l. the device reconfigures its internal 
data paths and input and output buses appropriately. The 
output ports IXC, YC, and ZC) are configured in all filter 
modes as 16-bit Cascade In and Cascade Out ports so 
that multiple devices can be connected to build larger 
filters. These modes are described individually below. The 
1/0 pin-function configurations for all four modes are 
shown in Table 1. 

Definitions 

The calculations performed by the TMC2250 in each 
mode are also shown below, utilizing the following 
notation: 

Al1). 815). 
Cl2). 
CASINl3) 

KA111). 
KB314) 

Xl1). Yl4). 
Zl6), 
CASOUTl6) 

Indicates the data word presented to that 
input port during the specified clock rising 
edge Ix). Applies to all input ports A11-0· 
811-0. C11-o. and CASIN15-0· 

Indicates coefficient data stored in the 
specified one of the nine onboard coeffi­
cient registers KA 1 through KC3, as shown 
in the block diagram for that mode, input 
during or before the specified clock rising 
edge Ix). 

Indicates data available at that output port 
too after the specified clock rising edge 
Ix). Applies to all output ports X11-o. 
Yn-o. z 11-0· and CASO UT 15-0· 

TRW LSI Products Inc. 



TMC2250 

Table 1. Data Port Formatting by Mode 

Inputs 

Mode A11-0 811-0 C11.o KAg.o KBg.Q 

00 All-O 811-0 C11-o KA9.o KB9.Q 

01 All-o All-O NC KA9.o KBg.o 

10 All-O 811-0 C11-o KA9.o KB9.o 

11 A11-o 811-0 NC KA9.o KB9.o 

Numeric Format 

Table 2 shows the binary weightings of the input and 
output ports of the TMC2250. Although the internal 
sums of products could grow to 23 bits, in the matrix 
multiply mode !Mode OD) the outputs X, Y, and Z are 
truncated to yield 12-bit integer words. Thus the output 
format is identical to the input data format. In the filter 
configurations !Modes 01, 10, and 11) the cascade 
output is always half-LSB rounded to 16 bits, specifically 
12 integer bits and 4 fractional guard bits, with no 
overflow "headroom." The user is of course free to half­
LSB round the output word to any size less than 16 bits 
by forcing a 1 into the bit position of the cascade input 
immediately below the desired LSB. In all modes, bit 
weighting is easily adjusted if desired by applying the 
same scaling correction factor to both input and output 
data words. If the coefficients are rescaled, the relative 
weightings of the CASIN and CASOUT ports will differ 
accordingly. 

Inputs/Outputs Outputs 

KCg.o XC11-0 YC11-8 Y7_4 YC3.o ZC11-0 

KC9.o X11-0 y 11-S Y7.4 Y3.o Z11-0 

KCg.o CASIN15.4 CASIN3.o NC CASOUT3.o CASOUT15.4 

KC9.o CASIN15.4 CASIN3.o NC CASOUT3.o CASOUT15.4 

KC9.o CASIN15.4 CASIN3.o NC CASOUT3_0 CASOUT15.4 

Data Overflow 

As shown in Table 2, the TMC2250's matched input and 
output data formats accommodate 0 dB !unity) gain. 
Therefore, the user must be aware of input conditions 
that could lead to numeric overflow. Maximum input 
data and coefficient word sizes must be taken into 
account with the specific algorithm performed to ensure 
that no overflow occurs. 

Signal Definitions 

Power 

Voo. GND The TMC2250 operates from a single + 5V ""'-
supply. All pins must be connected. ~ 

Clock 

CLK The TMC2250 operates from a single 
system clock input. All timing specifications 
are referenced to the rising edge of clock. 

Table 2. Bit Weightings For Input and Output Data Words 

Bit Weights 211 210 29 28 27 26 25 24 23 22 21 20 2-1 2-2 2-J 2-4 2-5 2-6 2-7 2-8 2-9 

Inputs 

All Modes 
Data A, B, C -111 110 19 Is 17 15 15 14 13 12 11 lo 

Coefficients 
KA, KB, KC -Kg Ks K1 K5 K5 K4 K3 K2 Ki Ko 

Modes 01, 10, 11 
CASIN -Cl15 Cl14 Cl13 Cl 12 Cl 11 c1 10 Clg Cls Cl7 Cl5 Cl5 Cl4 Cl3 Cl2 Cl1 Clo 

Internal Sum X20 X19 Xrn X17 X15 X15 X14 X13 X12 X11 X10 X9 Xs X7 X5 X5 X4 X3 Xz X1 Xo 

Outputs 

Mode 00 
X, Y,Z -011 010 09 Os 07 05 05 04 03 Dz 01 Do 

Modes 01, 10, 11 
CASOUT -CD15 CD14 CD13 CD12 CD11 CD10 C09 CDs C07 C05 C05 C04 

Note: I. A minus sign indicates a two's complement sign bit. 
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TMC2250 

3 x 3 Matrix Multplier (Mode 00) 

This mode utilizes all six input and output ports in the 
basic configuration to realize a "triple dot product;• in 
which each output is the sum of all three input words in 
that column multiplied by the appropriate stored 
coefficients. The three corresponding sums of products 
are available at the outputs five clock cycles after the 
input data are latched, and three new data words 

truncated to 12 bits are then available every clock cycle. 
See Table 6 and the Applications Discussion section 
regarding encoded video standard conversion matrices. 

Xl5) =Al1)KA 111) + Bl1)KB111) + C11)KC111) 
Yl5) =Al1)KA211) + Bl1)KB211l + Cl1)KC211) 
Zl5) =Al1)KA311) + Bl1)KB311) + Cl1)KC311) 

Figure 1. 3 x 3 Matrix Multiplier Impulse Response (Mode 00) 

CLK 

CWE x 01 xx 1 0 xx 11 A . 00 AX 
KA, KB, KC x K_1 xx K_2 xx K_3 x 

DATA IN A, B, C 

MODE CONTROL xx 00 xx 
XOUT 

YOUT 

KA3 + KB3 + KC3 

ZOUT /.. x 21282A 
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Figure 2. 3 x 3 Matrix Multiplier Configuration (Mode DO) 

x y Z 21281A 
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9-Tap FIR Filter (Mode 01) 

The architecture for this configuration is shown in Figure 
3. The user loads the desired coefficient set, presents 
input data to ports A and B simultaneously (most appli­
cations will wire the A and B inputs together), and 
receives the resulting 9-sample response, half-LSB 
rounded to 16 bits, 5 to 13 clock cycles later. A new 
output data word is available every clock cycle. The 
figure shows that the input data are automatically right­
shifted one location through the row of multiplier input 

Figure 3. 9-Tap FIR Filter Impulse Response (Mode 01) 

CLK 

cwE Xo1X10X11X 

KA,KB,KC xK_1xK_2xK_3x 

DATA IN A, B 8 
MODE CONTROL x 
CASIN 

registers on every clock in anticipation of a new input 
data word. 

CASOUTl13) = A(9)KA3(9) + AIB)KA2(8) + A17)KA 1 (7) 
+ B(6)KB3(9) + Bi5)KB2(8) + B(4)KB1 (7) 
+ B(3)KC3(9) + B(2)KC2(8) + Bl1)KC1 (7) 
+CASIN(10) 

Latency: Impulse in to center of 9-tap response= 9 
registers. Cascade In to Cascade Out= 4 registers. 

11 12 13 14 15 16 

£ 
01 x 

17 

CASOUT x KA3 x KA2 x KA1 x KB3 x KB2 x KB1 x KC3 x KC2 x KC1 x 013 x 
21284A 
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Figure 4. 9-Tap FIR Filter Configuration (Mode 01) 

.- -A 

KA 

-- B 

KB 

KC 

16(MSB) 

'10000' 
HALF LSB 
ROUNDING 

TRW LSI Products Inc. 

Z=CASOUT 
(0-15) 
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TMC2250 

3 x 3-Pixel Convolver (Mode 10) 

This filter configuration accepts a 3-pixel-square neigh­
borhood, side-loaded three pixels at a time through input 
ports A, B, and C, and multiplies the 9 most recent pixel 
values by the coefficient set currently stored in the 
registers. These products are summed with the data 
presented to the cascade input, and a new 3-cycle 
impulse response, rounded to 16 bits, is available at the 
output port 5-7 clocks later, with a new output available 
on every clock cycle. The input pixel data are automati­
cally shifted one location to the right through the three 
rows of multiplier input registers on every clock in 

anticipation of three new input data words, effectively 
sliding the convolutional window over one column in an 
image plane. 

CASOUT17) =A(3)KA3(3) +A(2)KA2(2) +A(1)KA1 (1) 
+ B(3)KB3(3) + B(2)KB2(2) + B(1 )KB1 (1) 
+ C(3)KC3(3) + C(2)KC2(2) + C(1 )KC1 (1) 
+CASIN(4) 

Latency: Impulse in to center of 3-tap response= 6 
registers. Cascade In to Cascade Out= 4 registers. 

Figure 5. 3 x 3-Pixel Convolver Impulse Response (Mode 10) 

76 

CLK 

CWE x 01 

KA, KB, KC x K_1 

DATA IN 
A, B,C 

MODE 10 

CASIN 

CASOUT 

x 1 0 x 11 x 
x K_2 x K_3 x 

)0( 01 x 
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Figure 6. 3 x 3-Pixel Convolver Configuration (Mode 10) 

A 

KA 

B 

KB 

c 

16 MSB 

'10000' 
HALF LSB 
ROUNDING 

TRW LSI Products Inc. 

Z=CASOUT 
(0·15) 
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4 x 2-Pixel Cascadeable Convolver (Mode 11) 

Similar to Mode 10, the 4 x 2-pixel convolver allows the 
user to perform full-speed cubic convolution with only 
two TMC2250 devices and the TMC2111 Pipeline Delay 
Register to synchronize the cascade ports (see the 
Applications Discussion section). Pixel data are side­
loaded into ports A and B, multiplied by the onboard 
coefficients, summed with the cascade input, and half­
LSB rounded to 16 bits. The four-cycle impulse response 
emerges at the cascade output port 5 to 8 clock cycles 
later. A new output word is available on every clock 
cycle. Note that Multiplier KC2 is not used in this mode 

-~··· ,,, .. 
and that its stored coefficient is ignored. As shown 
below. the column of input pixel data is automatically 
shifted one location to the right through the two rows of 
multiplier input registers on every clock in anticipation of 
two new input data words, effectively sliding the 
convolutional window over one column in an image 
plane. 

CASOUT(BI = A(4)KA3(4) + A(3)KA2(3) + A(2)KA 1 (2) 
· + A(1)KB3(4) + B(4)KB3(4) + B(3)KB2(3) 
+ B(2)KB1(2) + B(1)KC1 (2) + CASIN(5) 

Figure 7. 4 x 2-Pixel Convolver Impulse Response (Mode 11) 

CLK 

CWE x 01 xx 10 xx 11 h 00 

KA, KB, KC x K_1 xx K_2 xx K_3 x 
DATA IN A, B ti. 1. O )().,, 

MODE xx 11 xx 
CASIN 

CASOUT 
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Figure 8. 4 x 2-Pixel Convolver Configuration (Mode 11) 

'10000' 
HALFLSB 
ROUNDING 
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Z= CASOUT 
(Q.15) 
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TMC2250 

Signal Definitions (cont.) 

Controls 

MODE1, o The TMC2250 will switch to the configu­
ration selected by the user (as shown in 
Table 3) on the next clock. This registered 
control is usually static; however, should the 
user wish to switch between modes, the 
internal pipeline latencies of the device 
must be taken into account. Valid data will 
not be available at the outputs in the new 
configuration until enough clocks in the 
new mode have passed to flush the internal 
registers. 

Table 3. Configuration Mode Word 

MODE1, O Configuration Mode 

00 3 x 3 Matrix Multiply 

01 9-Tap One-Dimensional FIR 

10 3 x 3-Pixel Convolver 

11 4 x 2-Pixel Convolver 

Data presented to the coefficient input 
ports (KA, KB, and KC) will update three of 
the internal coefficient storage registers, as 
indicated by the simultaneous Coefficient 
Write Enable select, on the next clock. 
See Table 4 and the Functional Block 
Diagram. 

Table 4. Coefficient Write Enable Word 

CWEt, o 
00 

01 

10 
11 

Coefficient Set Selected 

Hold all registers 

Update KAl, KBl, KC1 
Update KA2, KB2, KC2 

Update KA3, KB3, KC3 

Table 5. Coefficient Input Ports 

80 

Input Port 

KA 

KB 
KC 

Registers Available 

KA1, KA2, KA3 

KBl, KB2, KB3 
KCl, KC2, KC3 

-~·-· ,,,.,, 

Inputs And Outputs 

A 11-0· Data presented to the 10-bit registered 
B11-0· data input ports A, B, and C are latched 
C11-o into the multiplier input registers for the 

currently selected configuration (Table 3 ). 
In all modes except Mode 00, new data 
are internally right-shifted to the next filter 
tap on each rising edge of CLK. 

CASIN15-0 

X11-o. 
Y11-o. 
Z11-0 

Data presented to the 10-bit registered 
coefficient input ports KA, KB, and KC are 
latched three at a time into the internal 
coefficient storage register set indicated by 
the Coefficient Write Enable CWE 1 o on 
the next clock, as shown in Table 4. 

In all modes except Mode 00, the x port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Input port CASIN 15-0· Data 
presented to this input will be added to 
the weighted sums of the data words 
which were presented to the input ports 
(A, B, and C). 

In the matrix multiply mode, data are 
available at the 12-bit registered output 
ports X, Y. and Z too after every clock. 
These ports are reconfigured in the 
filtering modes as i 6-bit Cascade Input 
and Output ports. 

NOTE: The output ports X, Y, Z and CASOUT. and the 
input port CASIN are internally reconfigured by the 
device as required for each mode of the device. The 
multiple-function pins have names which are combi­
nations of these titles, as appropriate. 

CASOUT 15-0 In all modes except Mode 00, the Z port 
and four bits of the Y output port are 
reconfigured as the 16-bit registered 
Cascade Output port CASOUT 15-0· 
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TMC2250 
Package Interconnections 

Signal Signal 
Type Name Function 

Power vDD Supply Voltage 

GND Ground 

Clock CLK System Clock 

Controls MDDE1,0 Mode Control 

CWE1,0 Coefficient Write Enable 

Input/Output A11-0 Data Input A 

B11-0 Data Input B 

C11-o Data Input C 

KA9_0 Coefficient Input A 1, A2, A3 

KB9_0 Coefficient Input Bl, 82, B3 

KC9_0 Coefficient Input Cl, C2, C3 

XC11-0 CASIN 15_4/0utput X 

YC11-S CASIN3_0/0utput Y 11-0 

Y7_4 Output Y7_4 Only 

YC3_0 CASO UT 3-o/Output Y3_0 

ZC11-0 CASOUT 15-4/0utput Z11-o 

Figure 9. Input/Output Timing Diagram 

~ 
1 I I 2 I 

1PWH---->j f.------
3 I 4 I s 

CLK 

CWE 

KA, KB, KC 

X, Y,Z 
CASOUT 

~ r l-.~. 
~~ -1 to 

PREVIOUS 

Figure 10. Equivalent Input Circuit 
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p+ 

CONTROL 
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1KO 
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n+ 

02 
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.,, GNO 
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21289A 

21122A 

H5 Package Pins 

F3, H3, L7, CS, C4 

E3, G3, J3, L4, L6, Hl 1, C7, C5 

Dll 

85, A4 

J12, J13 

Ell, D13, E12, E13, F11, F12, F13, G13, G11, G12, H13, H12 

810, All, 811, C10, A12, 812, Cll, A13, C12, 813, C13, D12 

A5, C6, 86, A6, A7, 87, AS, BS, A9, 89, A10, C9 

K13, J11, K12, L13, L12, Kll, M13, M12, L11, N13 

Mll, L10, N12, N11, MlO, L9, NlO, M9, N9, LS 

MS, NS, N7, M7, N6, M6, N5, M5, N4, L5 

84, A3, A2, 83, A 1, C3, 82, B 1, D3, C2, Cl, D2 

Dl, E2, El, F2 

Fl, G2, Gl, Hl 

Kl, J2, Jl, H2 

M4, N3, M3, N2, M2, L3, Nl, L2, K3, Ml, L1, K2 

Figure 11. Equivalent Output Circuit 
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TMC2250 
Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ................................................................ ...................................................................................................... ................. - 0.5 to + 7 .OV 

Input Voltage ............................................................................................................................................................................... - 0.5 to 1v00 + 5.0JV 

Output 
Applied voltage ................................................................................................................................................... -0.5 to (Voo+5.0JV 2 

Forced current .......................................................................................................................................................... - 6.0 to 6.0mA 3.4 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................... 1 Second 

Temperature 
Operating, case .............................................................................................................................................................. - 60 to + 130°C 

junction .......................................................................................... ........................................................................ ........ 175°C 

Lead, soldering (10 seconds) ......................................................................................................................................................... 300°C 

Storage ................................................................................................................................................................................ -65 to 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
-

CLK Only 0.8 0.6 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current Logic LOW 4.0 4.0 mA 

loH Output Current Logic HIGH -2.0 -2.0 mA 

tcv Cycle Time 

TMC2250 33 33 ns 

TMC2250-1 27.7 27.7 ns 

TMC2250-2 25 ns 

tpwL Clock Pulse Width, LOW 

TMC2250 15 15 ns 

TMC2250-1 12 12 ns 

TMC2250-2 10 ns 

tpwH Clock Pulse Width, HIGH 10 10 ns 

ts Input Setup Time 

TMC2250 8 8 ns 

TMC2250-1 7 7 ns 

TMC2250-2 6 ns 

tH Input Hold Time 

TMC2250 3 3 ns 

TMC2250-1 3 3 ns 

TMC2250-2 2 ns 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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TMC2250 

Electrical characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1ooa Supply Current, Quiescent Voo=Max, V1N=OV 12 12 mA 

loou Supply Current, Unloaded Voo =Max, f= 20MHz 160 160 mA 

l1L Input Current, Logic LDW 2 Voo=Max, V1N=OV -10 -10 µA 

l:H Input Current, Logic HIGH 2 v00 =Max. v1r, = v00 10 1!J µ,A 

IDIL Input Current, Logic LOW 3 v00 =Max, v1N =av -40 -40 µ,A 

lo1H Input Current, Logic HIGH 3 Voo=Max, V1N=Voo 40 40 µA 

Vol Output Voltage, Logic LOW v00 =Min, loL = 4mA 0.4 0.4 v 

VoH Output Voltage, Logic HIGH v00 =Min, loH= -2mA 2.4 2.4 v 

1os Short-Circuit Output Current Voo=Max, Output HIGH, one pin to -20 -80 -20 -80 mA 

to ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 10 pf 

Co Output Capacitance TA=25°C, f=lMHz 10 10 pf 

Notes: 1. Actual test conditions may vary from those shown, but guarantee operation ns specified 

2. Except pins XC11-o. YC11-B· 

3. Pins XC11-o. YC11-8 only. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

to Output Delay Voo =Min, CLoAo=25pf 
TMC2250 18 20 ns 
TMC2250-1 17 18 ns 
TMC2250-2 16 ns 

tHo Output Hold Time Voo =Max, CLOAD = 25pf 
TMC2250 4 4 ns 
TMC2250-1 3 3 ns 
TMC2250-2 3 ns 
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Applications Discussion 

Converting Video Data from RGB to VIQ or VUV 

The TMC2250 simplifies the task of converting encoded 
color video data between the RGB (color component) 
format and the YIO (quadrature encoded chrominance) or 
YUV (color difference) format. Beginning with RGB 
component data, the standard relationships, with 8-bit 
quantization, are: 

Y = (77R + 150G + 298)/256 and 
I= (153R- 71G-828)/256+128 
0= (54R-134G + 808)/256+128 

In digital systems, I and 0 or U and V are sometimes 
renormalized to: 

I= (128R- 59G- 698)/256 
0= (52R-128G + 768)/256 
U = (128R-107G - 21 B)/256 
V = (-43R- 85G + 1288)/256 

With each coefficient expressed as a fraction of 256, 
these numbers are easily converted to binary for loading 
into the coefficient storage of the TMC2250. The half­
scale (80hexl offsets included in the chrominance and 
color-difference terms can easily be added to the 
appropriate sums after the matrix multiplication, if 
desired. Table 6 contains the 10-bit two's complement 
coefficients to be loaded into the TMC2250 to perform 
the desired conversion from RGB format. Once these 
factors are in place the user can continuously convert 
encoded data at real-time video rates, with three new 
encoded outputs available on every clock cycle. 

Table 6. Colorspace Conversion Coefficients 1, 2 

Conversion KA1 KA2 KAJ 

RGB to YIQ 040 099 036 
RGB to YIQ3 040 080 034 

RGB to YUV 040 083 304 
RGB to vuv3 040 080 305 

KB1 

096 

096 

096 

096 

Y= (77R + 150G +298)/256 
U=(131R-110G-21B)/256+ 128 
V = (-44R- 87G + 1318)/256+128 

KB2 KBJ KC1 KC2 

3B9 37A 010 3AE 

3C5 380 010 3BB 

392 3A9 010 3EB 

395 3AB 010 3EB 

Notes: 1. All entries are given in 10-bit two's complement hexadecimal, such that all entries beginning in "2" or "3" are negative. 

2. This table assumes the following bus assignments: 

84 

R > +i AIN 

'- ..... BIN / G 

' .. C1N / B 

Xour ..... 

Your ..... .. 
Zour .. 

y 

IORU 

QORV 
21420A 

3. Second and fourth entries are renormalized such that largest coefficient= .5 1080hexl· 
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Converting Video Data from VIQ or YUV to RGB 

With a different set of coefficients, the TMC2250 can 
perform the inverse conversions, whose governing 
equations are: 

R = (256Y + 2431+1590)/256 
G = (256Y- 721-1640)/256 
B = (256Y- 2841+4430)/256 

The values corresponding to digital normalization (see 
Converting Video Data from RGB to YIQ or YUV) 
are: 

R = 256Y + 2921+1670)/256 
G = (256Y- 861-1720)/256 
B = (2561- 3411+4560)/256 

Since the first YUV to RGB equation set includes the 
coefficient "520," which won't fit into a 10-bit two's 
complement integer format, we must either divide all 
coefficients by 2, degrading precision by one bit, or by 
520/511. In Table 1, the 520/511 correction factor was 
selected. 

Table 7. Colorspace Conversion Coefficients 1. 2 

Conversion KA1 KA2 KAJ 

YIQ to RGB 100 100 100 
YIQ to RGB3 100 100 100 

YUV to RGB OFC OFC OFC 
YUV to RGB3 100 100 100 

and 

and 

KB1 

OF3 

124 

000 

000 

R = (256Y +OU+ 292V)/256 
G = (256Y-101 U -149V)/256 
B = (256Y + 520U + OV)/256 

R = (256Y +OU+ 359V)/256 
G = (256Y- 88U -183V)/256 
B = (256Y + 453U + OV)/256 

KB2 KBJ KC1 

388 3E4 09F 

3AA 2AB OA7 

390 lFF 11F 

3A8 125 167 

Notes 1. All entries are grven in 10-bit two's complement hexadecimal, such that all entries beginning in ''2" or "3" are negative. 

2. This table assumes the followino bus assionments: 

y 

IORU 

QORV 
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3. Second and fourth entries are renormalized such that largest coefficient= .5 ID8Dhexl· 
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Performing Large-Kernel Pixel Interpolation 

The Cascade Input and Output Ports of the TMC2250 
allow the user to stack multiple devices to perform larger 
interpolation kernels with no decrease in pixel through­
put. Figure 12 illustrates a basic application utilizing 
Mode 11 to realize a 4 x 4-pixel kernel. also called Cubic 
Convolution. This example utilizes the TMC2011 Variable­
Length Shift Register to compensate for the internal 
latency of each TMC2250. Alternatively, some appli­
cations may utilize RAM, FIFOs, or other methods to 
store multiple-line pixel data. In these cases the user 

Figure 12. Performing Cubic Convolution with Two 
TMC2250s 

4 X 2 TMC2250 

B >-+1-2--------B CASOUT 

may compensate for latency by simply offsetting the 
access sequencing of the storage devices. 

Pin Assignments - 121 Pin Plastic (H5) or Ceramic (G1) Pin Grid Array 

Pin Name Pin Name 

Al XC7 B3 XC3 
A2 XCg B4 XC11 
A3 XC10 B5 MOOE1 
A4 MOOEo BS Cg 
A5 C11 B7 Cs 
AS Ca BS C4 
A7 C7 Bg C2 
AS C5 BlO Bn 
Ag C3 B11 Bg 
AlO C1 B12 Bs 
All Bio B13 B2 
A12 B1 Cl XC1 
A13 B4 C2 XC2 
Bl XC4 C3 XCs 
B2 XC5 C4 Voo 
04 Index Pin (Unconnected) 
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Pin Name Pin Name Pin Name 

C5 GNO El YCg Gll A3 
CS C10 E2 YC10 G12 A2 
C7 GNO E3 GNO G13 A4 
cs Voo Ell All Hl Y4 
cg Co E12 Ag H2 YCo 
ClO Bg E13 Ag H3 Voo 
Cll B5 Fl Y7 Hll GNO 

C12 B3 F2 YC3 H12 Ao 
C13 B1 F3 Voo H13 A1 
01 YC11 Fll A1 Jl YC1 
02 XCo F12 As J2 YC2 
03 XC3 F13 A5 J3 GNO 

011 CLK Gl Y5 Jll KA3 
012 Bo G2 Ys J12 CWE1 
013 A10 G3 GNO J13 CWEo 

13 © © © © © © © © © © © © © 
12 © © © © © © © © © © © © © 
11 © © © © © © © © © © © © © 
10 © © © © © © 

7 

6 

4 

3 

©©© © © © 
©©© ©©© 
©©© ©©© 
©©© ©©© 
©©© ©©© 
©©© ©©© 
©©©©©©©©©© ©©© 
©©©©©©©©©©©©© 
©©©©©©©©©©©©© 

ABCDEFGHJKLMN 
21041A 

Pin 

Kl 

K2 

K3 

Kll 

K12 
K13 

L1 

L2 

L3 

L4 

L5 

LS 

L7 

LB 

L9 

OUTPUT 21290A 

Name Pin Name Pin Name 

YC3 LlO KB3 M12 KA2 

ZCo Lll KA1 M13 KA3 

ZC3 L12 KA5 Nl ZC5 
KA4 L13 KAs N2 ZC3 

KA7 Ml ZC2 N3 ZC10 
KAg M2 ZC7 N4 KC1 

ZC1 M3 ZCg N5 KC3 

ZC4 M4 ZC11 NS KC5 
ZCs M5 KC2 N7 KC7 
GNO MS KC4 NS KC3 
KCo M7 KCs Ng KB1 
GNO MB KCg NlO KB3 

Voo Mg KB2 N11 KBs 

KBo MlO KB5 N12 KB7 

KB4 Mll KBg N13 KAo 

TRW LSI Products Inc. 



TMC2250 

Ordering Information 

Product Speed Temperature Range Screening Package Package 
Number (MHz) Marking 

TMC2250H5C 30 STD-TA =0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 2250H5C 

TMC2250H5C-1 36 STD-TA= 0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 2250H5C-1 

TMC2250H5C-2 40 STD-TA =0°C to 70°C Commercial 121 Pin Plastic Pin Grid Array 2250H5C-2 

TMC2250G1V 30 MIL-Tc= -55°C to 125°C MIL-STD-883 121 Pin Ceramic Pin Grid Array 2250G1V 
TMC2250G1V1 

j_ 36 Mil-Tc= -55°C to 125°C MIL-STD-883 121 Pin Ceramic Pin Grid Array 2250G1V1 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifrcations without notice. Thrs information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use rn life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes alt risk of 
such use and indemnifies TRW LSI Products Inc. agarnst all damages. 
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CMOS 3x3, 5x5 Image Convolver 
8 x 8 Bits, 12MHz Data Rate 

Like the faster TMC2250, the low cost TMC2255 can 
perform a t:!ple 3:x:1 m.atrix-11ectnr m1Jltirlir.rJtion or a 3x3 
convolution. It can also perform a 5x5 convolution with 
bidimensionally symmetrical coefficients The on-chip 
coefficient memory stores four sets of nine 8-bit two's 
complement coefficients. Two of the TMC2255' s five 8-bit 
data input ports are also used to load instructions and 
coefficients, which can be updated during operation. The 
device accepts the unsigned and/or two's complement 
data at 1/3 of the applied clock rate. 

The 3(3x1) matrix multiply mode supports various 3-space 
numerical operations, such as video standards conversion 
(e.g. YIQ to RGB) or three-dimensional perspective 
transformation. Three input ports accept the 8-bit two's 
complement and/or unsigned magnitude data. The two 
remaining input ports can be loaded with coefficients and/ 
or device control parameters "on-the-fly." In this mode, an 
output is generated on every clock cycle. 

The 3x3 and 5x5 pixel image convolver modes support 
numerous functions, including static filtering and edge 

Logic Symbol 

--~·-· ••••• 
detection. On every third clock cycle, the TMC2255 
accepts three (3x3 mode) or five (5x5 mode) data inputs. 
In the 5x5 mode, the coefficient kernel must be symmetric 
both horizontally and vertically. Outputs from the device 
are generated on every third clock cycle, matching the 
input pixel data rate, and can be limited ("clipped") to 8, 9 
or 12 bits. 

Fabricated in TRW's OMICRON-C™ one-micron CMOS 
process, the TMC2255 will operate at clock rates of 0 to 
30MHz over the full commercial temperature (0°C to 70°C) 
and supply voltage ranges. 

Features 

• 8-Bit Data And Coefficient Input Precision 
• Triple 3x1 Matrix-Vector Multiplication Mode 
• 3x3 And 5x5 Two Dimensional Convolution Modes 
• TTL-Compatible 1/0 With Three-State Output Bus 
• Offered In 68-Contact Plastic Chip Carrier (PLCC) 
• Built-In 8-, 9-, Or 12-Bit Arithmetic Limiter 
• Two's Complement, Unsigned, Or Mixed Data Formats 

A1-0 

8 1-0 

DATA c,_o INPUTS 

D7.o 

@@@ 
@@@ 
@@@ Z11-0} DATA 

OUTPUTS 

E7-0 

CONTROL 
CLE INPUTS 

CRA 1_0 

CLK 
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FAX: (619) 455-6314 
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Applications 

• RGB To/From YUV /YIO Color Space Conversion 
• 3x3 Or 5x5 Two Dimensional FIR Filtering 
• Edge Enhancement And General Image Processing 
• Robotics And Image Recognition 
• Electronic Darkroom 
• Desktop Publishing 

Associated Products 

• TMC2011 Variable Length Shift Register 
• TMC2302 Image Manipulation Sequencer 

Functional Description 

The TMC2255 contains an array of multipliers and adders, 
four 9x8-bit coefficient "pages" and a global control block, 
all of which ca@e initialized or reconfigured through ports 
D and E when CLE is LOW. Device parameters include 
matrix coefficients, internal device configuration (mode), 
rounding precision, and input/output data formats (two's 
complement, unsigned, or mixed). After the control 
parameters have been loaded, device operation 
commences with the next clock rising edge on which CLE 
returns HIGH. Depending on the mode selected, three or 

Figure 1. Structural Block Diagram 

CLE 

CRA1-0 

CLK 

90 

INPUT 
MULTIPLICATION/ 

PREADDITION ACCUMULATION 

CONTROL 

five data are input in parallel and proceed through a 
sequence of operations: Input, Preaddition, Multiply­
Accumulation, Rounding, Limiting and Output (Figures 1-4). 

Input Stage 

Inputs are supplied to ports A through C in all operating 
modes on every third clock cycle, beginnin..9.._'!Yith the clock 
rising edge that contains the most recent CLE LOW to HIGH 
transition. Control and/or coefficient parameters can be 
input through ports D and E during any of the three master 
clock cycles that make up each data cycle. In the 5x5 
convolution mode data enter the device through ports A-E. 
Control and/or coefficients may be updated through ports D 
and E on the remaining two cycles of each clock triplet. 

Input data formats may be unsigned and/or two's 
complement, as identified in the mode select field of 
port E. 

Preaddition 

In and only in 5x5 convolution, the horizontal and vertical 
symmetry of the coefficients permits nine multipliers to do 
the work of 25. To facilitate this, the data input to ports A 
and E are pre-added before multiplication, as are the Band 
D inputs (Figure 4, the 5x5 Block Diagram). 

ROUNDING LIMITING OUTPUT 

Z11-0 

RND LMT 

21423A 
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Coefficient Memory 

The TMC2255 contains enough memory to store four 
"pages~f nine 8-bit two's complement coefficients each. 
When CLE is LOW. a new coefficient is written through 
port E to the page and location address identified on port 
D. On every third clock cycle, the coefficient page to be 
read and used in the immediate 3-cycle computation set is 
selected by CRAo and CRA1. Of the nine coefficients per 
page. K1. i (i=1 to 3) process the port A (and E) data; K2, i. 
the port B (and 0) data; and K3, i, the port C data. 

Multiplication and Accumulation 

The device computes nine products during every three 
clock cycles. accumulating them internally to full precision. 

Rounding 

Accumulated sums of products are rounded before the last 
5 or 6 bits are truncated. Rounding is performed by adding 
"010000" or "100000" to the emerging data stream. 
accordi.llilto the desired precision of the output results. 
When CLE=O and D=OXXX1111, pin E5 sets the chip's 
rounding position. viz: E5=0: add .010000 and use Zo as 

TRW LSI Products Inc. 

least significant bit; E5= 1: add .100000 and use Z1 as least 
significant bit, ignoring Zo. 

Output Limiting 

The device provides programmable output limiting in 
unsigned (UN) and/or two's complement (TC) format and 
for 8. 9. or 12 bits of output precision (including Zo). In 
3(3x1) mode, for an RGB to YIO transformation, the device 
can limit Z1 (Y) to 9 bits unsigned whiie limiting Z3 (i) and 
Z3 (0) to 9 bits two's complement. 

Outputs 

Output is through the 12-bit Z port. which provides 1/2or1 
LSB precision. relative to the input format. In the 3(3x1) 
mode three outputs will appear consecutively at the Z port 
during each triple clock cycle; for data input on clock rising 
edge 0, these results will emerge too after clock rising 
edges 7, 8, and 9. In both convolution modes the results 
are output at 1/3 the device master clock rate, with the 
first point of the impulse response emerging after clock 
rising edge 9. To facilitate connection to a bus. the output 
buffers are enabled and disabled (placed in_high­
impedance state) by asynchronous control OE. 
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Figure 2. Functional Block Diagram. 3(3x1) Mode 

CLE 

4x9x8 
COEFFICIENT 

RAM 

CRA1-o~._RA ______ __. 

92 

16 

Z11-0 21424A 

TRW LSI Products Inc. 



TMC2255 

Figure 3. Functional Block Diagram, 3x3 Mode 
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Figure 4. Functional Block Diagram, 5x5 Mode 
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Signal Definitions 

Inputs 

CLK 

DATA INPUTS 

CLE 

CRAQ, CRA1 

Master chip clock, 0 to 30MHz. All 
operations are referenced to the rising 
edges of CLK. 

Of the device's five 8-bit data input ports, 
A 8. and C nre used exclusively as data 
inputs. whereas D and E are also used to 
program the device (see description of 
CLE pin). For 5x5 convolution, all five 
ports accept incoming data. In the other 
modes, only Ports A-C accept incoming 
data, leaving D and E dedicated to 
control and coefficient values, which may 
be updated at any time. In all modes, 
data are loaded on every third rising 
edge of CLOCK, beginoJD.g on a clock 
rising edge for which CLE makes a O-to-1 
transition. Bits A7, B7, ... are the two's 
complement sign bits or most significant 
unsigned bits; bits Ao, Bo, ... are the 
least significant bits (LSBs). 

Active-LOW coefficient and control load 
enable. When CLE is LOW, E becomes 
the input port for the coefficients, and D 
becomes the coefficient write address 
and control port When CLE is HIGH, all 
coefficients are held unchanged. A LOW 
to HIGH transition at CLE also 
synchronizes the TMC2255, ushering in a 
new data input 

Coefficient read address The chip can 
hold four "pages" of nine coefficients 
each. These two pins determine which of 
the four coefficient sets is to be used 
with the data entering during that cycle. 

The timing of coefficient selection by 
CRA is mode dependent In the 3(3x1) 
mode, CRA influences all coefficients 
simultaneously. In the 3x3 and 5x5 
convolution modes, however, CRA 
selects the coefficients for each 
multiplier column individually, i.e., three 
per clock cycle from left to right (Block 
Diagram - 3x3 Mode). CRA should be 
changed only on "data input" clock 

TRW LSI Products Inc. 

cycles to avoid corrupting 3x3 or 3x(3x1) 
work in progress. CRA should not be 
updated during a 5x5 operation whose 
result is needed. 

When updating coefficients on-the-fly 
the user should not set CRA 1-0 and 05:4 
to the same page, but should read from 
one page while writing to another. 

OE Asynchronous,]_[;tive-LOW output 
enable. When OE is LOW, the output 
drivers are enabled. When OE is HIGH 
they are disabled (high-impedance). ' 

Outputs 

DATA OUTPUTS Outputs available on the Z Port are 
enabled by OE. Z 11 is the unsigned 
MSB or two's complement MSB/sign 
bit; Z1 is the integer LSB ("ones' digit"). 
Zo is the 1/2 (fractional) digit In the 
3(3x1) mode (E=XXXXXOXX), a new valid 
result will emerge too after every rising 
edge of CLOCK. In the other modes 
(E=XXXXX1XX), a result emerges after ~ 
every third rising edge of CLOCK. When ~ 
9-bit limiting is used, bits Z11 through Zs 
will be identical. 

Operation and Timing 

Before operation, the TMC2255 must be initialized, i.e. 
loaded with coefficients and set to the desired operating 
mode, data format, and rounding precision. The chip is 
programmed via ports D and E, which double as data input 
ports in 5X5 mode. 

Initialization 

Chip Select 

This control is accessed through bit 7 of port D. When CLE 
is LOW, D7 must be LOW to allow the coefficient/control 
information to be updated. If D7 is HIGH when CLE is 
forced LOW, the device will not allow the coefficient or 
control information to be updated, and device execution 
will begin or continue~ commanded on the previous LOW 
to HIGH transition of CLE. Holding 07 HIGH (at least when 
CLE is LOW) permits the system to resynchronize the chip 
without changing any coefficients or configuration 
parameters. 
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Coefficient Loading 

When CLE and 07 are LOW, the coefficient values 
presented to port 6 are loaded into the coefficient position 
and page registers selected by port 0, as shown below. 

When Update From E1-o: 
D7.o= Coef Page 

OXYYOOOO 1, 1 VY 
OXYYOOOl 1, 2 VY 

OXYY0010 1,3 VY 
OXYY0100 2, 1 VY 

OXYY0101 2, 2 VY 

OXYY0110 2,3 VY 

OXVY1000 3, 1 VY 
OXYY1001 3, 2 VY 

OXYY1010 3,3 VY 

OXXXOX11 Hold all Coefficients 

OXXXX011 Hold all Coefficients 

OXXX110X Hold all Coefficients 

OXXX11XO Hold all Coefficients 

OXXX1111 Control Information 

1XXXXXX Hold all Coefficients 

X = Don't Care 

Each of the four "pages" YY comprises a full set of nine 
coefficients (one per filter tap). 
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Mode Selection 

When CLE=O and D=DXXX1111. pins Ez-o select the chip's 
operating MODE and input data formats, viz: 

When Data Formats= 
E7-0= Mode= A B c 
oxxxxooo 3(3x1)mat mpy TC TC TC 

OXXXX001 3(3x1 )mat mpy UN TC TC 

OXXXX010 <Reserved - DO NOT USE> 

OXXXX011 3(3x1)mat mpy 

Zl = A*Kl, 1 + B*K2,1 + C*K3, 1 
Z2 = A*Kl,2 + B*K2,2 + C*K3,2 

Z3 = A*Kl,3 + B*K2,3 + C*K3,3 

OXXXX100 

OXXXX101 

3x3 convolution 

3x3 convolution 

Z=Al*Kl,1 +Bl*K2,1 +Cl*K3,1 

+ A2*K1 ,2 + B2*K2,2 + C2*K3,2 

+ A3*K1,3 + B3*K2,3 + C3*K3,3 

OXXXX110 

OXXXX111 

5x5 convolution 

5x5 convolution 

UN UN UN 

first of 3 results 

last of 3 results 

TC TC TC 

UN UN UN 

TC TC TC 

UN UN UN 

Z = Al*Kl,3 + Bl*K2,3 + Cl*K3,3 + Dl*K2,3 + El*Kl,3 

+ A2*K1 ,2 + B2*K2,2 + C2*K3,2 + D2*K2,2 + E2*K1 ,2 

+A3*K1,1 + B3*K2,1 + C3*K3,1 + D3*K2,1 + E3*K1,1 

+ A4*K1,2 + B4*K2,2 + C4*K3,2 + D4*K2,2 + E4*K1,2 

+ A5*K1,3 + B5*K2,3 + C5*K3,3 + D5*K2,3 + E5*K1,3 

lXXXXXXX [Unchanged from previous setting] 

[Coefficients are always 8-bittwo's complement.] 
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Rounding 

All computuations are rounded internally following the 
final accumulation of products. Rounding position depends 
on the output format. If the user desires outputs with 
1/2 LSB precision (relative to the inputs) then rounding is 
performed into z_ 1. just to the right of the LSB of the 
output port, Zo. For 1 LSB precision, rounding is into Zo. 
and the output is on pins Z11-1 only. 

When E1-o = Outputs are, Rounded at: 

OOXXXXXX Z11-Zo (12 bits) Z-1 
01XXXXXX Z11-Z1 (11 bits) Z-o 
1XXXXXXX Unchanged from previous setting 

Output Limiting 

When CLE=O and D=OXXX1111, pins E5-3 tell the chip to 
which numerical format(s) to limit the emerging results. 
Unsigned (UN). two's complement (TC). and mixed data 
formats of 8, 9, or 12 bits (including Zol are supported, as 
follows. Limit "Z" applies to 3x3 and 5x5 convolutional 
modes; limits Z1, Z2, Z3 apply to 3(3x1) mode. 

E1-o= LimitZ1 or Z LimitZ2 LimitZ3 Range 
(RND=O) 

OXOOOXXX <Limiter Disabled> 
OX001XXX UN9 UN9 UN9 0,255.5 
OX010XXX TC12 TC12 TC12 -1024, 1023.5 
OX011XXX UN12 UN12 UN12 0,2047.5 
OX100XXX TC9 TC9 TC9 -128,127.5 
OX101XXX UN9 TC9 TC9 (mixed) 
OX110XXX <Reserved; Do Not Use> 
OX111XXX UNB UNB UNB 0,127.5 
lXXXXXX Unchanged from previous setting 

Prior to output, the limiter (if enabled) tests the leading bits 
of the emerging result. In the unsigned limit modes, if the 
MSB= 1, denoting a negative value, the output is forced to 
O; if the MSB=O but any other bit above the 8, 9 or 12 bit 
output field = 1, the output is forced to 11111111111.1 In 
the TC9 limit mode, values above 127.5 (00001111111.1) 
are forced to 00001111111.1 and values below -128 
become 11110000000.0. In the TC12 limit mode, 
values above 1023.5 (01111111111.1) are forced to 
01111111111.1, and values below -1024 become 
10000000000.0. If full LSB rounding {Es=1) is used, output 
bit Zo is ignored, each data format is correspondingly 1 bit 
narrower than shown in the table, and the .5 fractions 
disappear from the range limits. 

TRW LSI Products Inc. 

Timing 

Result Latency 

Device operating mode affects when valid results will be 
available at the output port Z11 :O· The three results of a 
3x1 triple dot product whose inputs enter on clock rising 
edge 0 will be available too after clock rising edges 
7, 8, and 9. In a 3 x 3 and 5 x 5 convolution, the first 
three impu!se response points will emerge after clock 
rising edges 9, 12, and 15. The last two points of a 
5-point response {5x5 mode) will follow after rising edges 
18 and 21. 

Instructions. Inputs. and Synchronization 

Each rising edge of CLK which bears a CLE LOW to HIGH 
transistion resynchronizes the device. If CLE goes from 
LOW to HIGH on clock rising edge N, then the chip will 
resynchronize. starting a new 3-cycle sequence on that 
edge. It will look for incoming data at clock rising edges 
N+3i, where i =_l.2 .... (Timing Diagrams, Figures 5 
through 11). If CLE is brought LOW while an operation is 
already in progress {e.g~. to update coefficients). it should 
be brought HIGH only on a regular data input clock cycle 
{N+3i), to avoid corrupting pending results. 

If CLE is LOW. control and/or coefficient information 
entering on a rising edge of CLK will affect all subsequent 
data inputs until the control parameters are again updated. 
Internal pipelining of the controls ensures that "in 
progress" operations on data previol!§ly input to the device 
will continue unaffected, as long as CLE is brought HIGH 
only on data input clock edges. 

System Timing 

Because the TMC2255' s data throughput rate is 1 /3 of its 
incoming clock rate, the user must synchronize the data 
inputs with the chip's control inputs and internal operation. 
Figures 5through 8 illustrate four ways to use rising 
edges of CLE to align data inputs in the 3{3x1) and 3x3 
modes, whereas Figures 9through 11 show how to use 
CLE in the 5x5 mode. 
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TMC2255 

In Figure 5, the CLE 0 to 1 transition on CLK rising edge 
3("t = 3") initializes the chip. The final configuration and 
coefficient values are loaded through ports D and Eat t = 2 
and the first incoming data enter ports A, 8, and Con rising 
edge 6. In 3(3x1) mode, the three results from the t = 6 
input data emerge after t = 13, 14, and 15. In 3x3 mode, the 
first result from the edge 6 input data appears after edge 
15 and remains until t = 18, when the second result using 

-~·-· ··~ .. 
t = 6 inputs (which is the first result using t = 9 inputs) 
emerges. After t = 18, the convolution of the t = 6, t = 9, 
and t = 12 inputs, the last output involving the t = 6 input, 
appears. The part operates continuousy, with inputs read 
on every third rising clock edge and a new output available 
too after each rising clock edge (3(3x1) mode) or every 
third rising edge (3x3 mode). 

Figure 5. 3(3x1), 3x3 Timing Diagram, Single CLE Rising Edge 

9 12 15 18 

CLK 

CLE I I I I I I 
~O(XXXXXXXXXXXXLXXXXXMXXXXXNXXXXXPXXXXX 0 XXX) 
C7_0 I I I I I I 
01-0 O(XXXX L XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX) 

I I I I I I 
EMO<XXXXLXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX) 

I I I I I I 

OE I I I I I I 
z11 _0 __ ,3_x1_1 --OOOOOOOOOOOOOOOX LI x L2 x L3 x MIX M2X M3 x NI 

I I I I I I 
Z11-0 ----- LI L2+MI (3x3). X 

21428A 
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TMC2255 ii~n 

In Figure 6, CLK rising edges at t = 3, 6. 9, ... resynchronize t = 2. 5. 8 ..... Data input/output timing is unchanged from 
the chip, with configuration or coefficient updates at Figure 4. 

Figure 6. JxX Modes, Periodic Long CLE Pulses 

2 3 6 12 15 18 

CLK 

CLE---~ 

I : : ; : I 

I w1 w1 w1 w1 LJJ...--1--u 
: : : : : : 

:~:: O(XXXXXXXXXXXX L XXXXX M XXXXX N XXXXX P XXXXX n XXX) 
I : I : I : I : I : I : 

01-0 O(XXXX K XXXXX L XXXXX M XXXXX N XXXXX P XXXXX n XXXXX 
I : I : I : I : I : I 

E1-o O(XXXX K XXXXX L XXXXX M XXXXX N XXXXX P XXXXX n XXXXX 
I I I I I I 

oe---~ I I I I I I 
z11-o __ ,_3x_1,--<XXXXXXXXXXXXXXX u Xu X L3 X M1XM2 XM3X 

I J I I I I 
Z11-o --'""-3x...;.3)__ L1 x L2+M1 

21429A 
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TMC2255 -~·-· ..... 
In Figure 7, CLK rising edges at t = 3, 6, 9, ... again 
resynchronize the chip, but configuration and coefficients 

may be changed twice as often, at t = 1, 2, 4, 5, 7, 8, .... 

Figure 7. 3xX Modes, Periodic Short CLE Pulses 

3 9 12 15 18 

E7_0 ()(XXXX xxx L x L xxx M x M xxx N x N xxx p x p xxx Q x Q xxx x 
I I I I I I 

DE I I I I I I 
z11-o __ t.-..3x.-..11 __ 000000000000000XL1XuXL3XM1XM2XM3X 

I I I I I I (3x3). X 
Z11-o ----~ L1.L2+M1 

21430A 
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TMC2255 

In Figure 8, data timing is the same as that of Figure 5. 
However. since CLE is left LOW after the one-cycle 
initialization pulse, instructions and coefficients may be 
updated on every clock cycle, or three times per data input. 

Figure 8. JxX Modes, Single CLE Rising Edge 

CLK 
I 

-~·-· 
··~ .. 

Instructions entering between data values, e.g. at t = 4 or 
t = 5, affect the next data value (i.e .. that entering at t = 6). 
Instructions entering with a given data value (e.g., t = 6) 
affect the next data input (i.e., at t = 9). 

12 15 18 

CLE I I I I I I I I 

~«xxxxxxxx*x*xlx*x*xMx*x*xNx*x*xpx*x*xax*xj 
C7_0 I : : I : : I : : I : : I : : I : : 
~«xxxxKXXXLXLXXXMXMXXXNXNXXXPXPXXXnXnXXX x 

I : : I : : I : : I : : I : : I : 

OE I I I I I I 
z,,_o __ ,a_x1_1 -~OOOOOOOOOOOOOOOX L1 X L2 X L3X M1XM2XMaX 

I I I I I I 
(3x3). X Zn-o ---'---'--- L1 L2+M1 

21431A 
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TMC2255 

In Figure 9. the CLK rising edge at t = 3 synchronizes the 
operation. The final configuration and coefficient values 
are loaded through ports D and E at t = 2 and the first 
incoming data enter ports A through E at t = 6. The first 
result using the t = 6 input appears after t = 15 and remains 

Figure 9. 5x5 Convolution, Single CLE Rising Edge 

3 

CLK 

9 

until t = 18. The last result using the t = 6 input emerges 
after t = 27 and remains until t = 30. The part operates 
continuously, with data inputs read on every third rising 
edge of CLK and a new output available too after every 
third rising edge of CLK. 

12 15 18 

CLE I . I I I I I 
:~:: (XXXXXXXXXXXXX L xxxxx M xxxxx N xxxxx p xxxxx Q XXX) 
C7.o . I I . 1. . I I I 
0M«xxxx~xxxxxxxlxxxxxMxxxxxNxxxxxpxxxxx 0 xxx> 

I f 1 · I I I 
E7.o «xxxx KC xxxxxxx L xxxxx Mxxxxx N xxxxx p xxxxx 0 xxx> 

I I I I I I 

DE I I I I I I 
Z11-o L1 x L2+M1 

21432A 
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In Figure 70, one new coefficient or configuration value 
can be input for every data input, at t = 5, 8, 11, .... 

Figure 10. 5x5 Convolution, Periodic Long CLE Pulse 
3 6 12 15 18 

OE ___ ____, 

I I I I I I 
Z11-o ---- L1 x l2+M1 

In Figure 71, two new coefficients or configuration values 
can be loaded for every incoming data point, at t = 4, 5, 7, 
8, 10, 11, .... 

Figure 11. 5x5 Convolution, Periodic Short CLE Pulse 
6 12 15 18 

OE I I I I I I 

21433A a-

Z11-0 L1 x l2+M1 

21434A 
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TMC2255 

In 5x5 mode, CLE should not be left LOW continuously, 
since ports D and E must serve as data inputs on every 
third clock cycle. If CLE is LOW on a data input cycle, the 
chip will interpret the current D and E inputs as both data 
and instructrions/coefficients. 

Figure 12.1/0 Timing Diagram 

tcv 

1~ 
tpwH~ ~ 

3 · I 4 I s 
CLK 

A. B,C,D, E, ~~Ir-- ' I _J ' 1.- 1PWL 

CHA.CLE ---f-+- _, 
1 
I to 

z PREVIOUS XXNEWX 
tHD_J k-

24021A 

Figure 13. Data Formats and Bit Alignment 

210 ... 27 

Data at Input Ports: A1 

Coefficients: 

Internally Accumulated Products: P1& ... P13 

Data at Output Port (Round = 0): Zn ... Za 

Data at Output Port (Round= 1): Zn ... Za 

104 

-~·-· .. ,.,, 
Power-Up Sequence 

To ensure proper operation, the TMC2255 should receive at 
least two clock rising edges soon after power-up, with CLE 
making a O-to-1 transition on edge 4, 5, or 6. Otherwise, 
some of the internal multiplexers will power up in 
disallowed states and draw excessive power. 

Data Formats 

Figure 73summarizes the TMC2255's data and coefficient 
formats for all operating modes. Although integer 
weighting of input data is shown, the binary point may be 
moved anywhere to the left, as long as the binary point of 
the output is moved the same distance. Likewise, the 
coefficient binary point can be moved, as long as the 
output binary point is moved equally or the data input 
binary point is moved in the opposite direction. In all 
coefficients and in all two's complement data, the most 
significant bit carries a negative weighting. 

. .. 22 21 20 2-1 2-2 ... 2-6 . 

... A2 A1 Ao . 
K1 I<& Ks . K4 ... Ko 

. .. Pa P7 P& . Ps P4 ... Po 

... Z3 Z2 Z1 Zo . 

... Z3 Z2 Z1 . (lgnoreZo) 
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TMC2255 

Absolute maximum ratings (beyond which the device may be damaged)l 

Supply Voltage .............................................................................................................................................................................................. -0.5 to +7.0V 

Input Voltage .. .................................................................................................................................................................. -0.5 to (Voo + 0.5)V 

Output 

Applied voltage ........................................................................................................................................................ -0.5 to (Voo + 0.5)V2 

Forced current .................................................................................................................................................................. -6.0 to 6.0mA3.4 

Short-circuit duration 

(single output in HIGH state to ground) ..................................................................................................................................... 1 sec 

Temperature 

Operating case ..................................................................................................................................................................... -60to+130°C 

junction ........................................................................................................................................................................................... 175°C 

Lead soldering (10 seconds) ............................................................................................................................................................ 300°C 

Storage .................................................................................................................................................................................... -65 to 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating 
conditions. Functional operation under any of these conditions is NOT implied. 

2 Applied voltage must be current limited to specified range. and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4 Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max 

voo Supply Voltage 4.75 5.0 5.25 

V1L Input Voltage LOW 0.8 

V1H Input Voltage HIGH 2.0 

IOL Output Current LOW 4.0 

IOH Output Current HIGH -2.0 

tcy Cycle Time 

TMC2255 33 
TMC2255-1 27 

tPWL Clock Pulse Width LOW 

TMC2255 16 

TMC2255-1 14 

tPWH Clock Pulse With HIGH 

TMC2255 13 

TMC2255-1 10 

ts Input Setup Time 

TMC2255 8 
TMC2255-1 6 

tH Input Hold Time 0 

tA Ambient Temperature 0 25 70 

TRW LSI Products Inc. 

Units 

v 

v 

v 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
oc 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

loon Supply Current, Quiesc 15 mA 

Voo=Max, V1N=O 

ioou Supply Current, No Load 100 mA 

Voo=Max, tcy=50ns 

llL Input Current, LOW -10 µA 

llH Input Current, HIGH 10 µA 

VOL Output Voltage, LOW 0.4 v 
VQH Output Voltage, HIGH 2.0 v 

ios Short-Circuit Out Current -100 uA 

C1 Input Capacitance 10 pF 

Co Output Capacitance 10 pF 

Note: Actual test conditions may vary from those shown, but guarantee operation as specified. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

to Output Delay Voo=Min, CL =25pF 

TMC2255 22 ns 

TMC2255-1 19 ns 

tHO Output Hold Voo=Max, CL =25pF 6 ns 

tENA Output Enable Voo=Min, CL =25pF 

TMC2255 18 ns 

TMC2255-1 15 ns 

to1s Output Disable Voo=min, CL =25pF 

TMC2255 21 ns 

TMC2255-1 20 ns 

106 TRW LSI Products Inc. 



TMC2255 

Figure 14. Equivalent Input Circuit 
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Figure 15. Equivalent Output Circuit 
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Figure 16. Transition Levels for Three-State Measurements 

THREE-STATE 
OUTPUTS 

101s o.sv 

21265A a. 
----------\1111111 
Package Interconnections 

Signal Signal 
Type Name Function Rt Package 

Power VDD Supply Voltage (+5) 2,10,17,53 
GND Ground 1,9, 18,26,35,52 

Clock CLK System Clock 8 

Control CLE Coefficient Load Enable 6 
OE Output Enable 7 

CRA1-0 Coefficient Read Address 62,63 

Inputs A7-0 Data Input Port A 64,65,66,67 ,68,3,4, 5 

B1-o Data B 54,55,56,57 ,58,59,60,61 

C1-o Data C 44,45,46,4 7,48,49, 50,51 

D7-0 Control/Data D 36,37 ,38,39,40,41,42,43 

E1-o Coefficient/Data E 27 ,28,29,30,31,32,33,34 

Outputs Z11-0 Data Outputs 11, 12, 14, 15, 16, 19,20,21,22,23,24,25 
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Pin Assignments- 68-Lead Plastic Chip Carrier - R1 Package 

Pin Name Pin Name Pin Name Pin Name 
cc 

.- N M "<:t' lO CD ,_ CZ 0 ...- N M ...- lO C.O ,_ 
mmmmmmm>~UUUUUUUU 

~m~~~~~~~~~~~~~~~ 
1 GND 18 GND 3S GND S2 GND 

2 Voo 19 Z5 36 D7 S3 voo 
3 A2 20 Zs 37 D5 54 87 

Bo S1 43 Do 
CRA1 S2 42 D1 

4 Al 21 Z4 38 D5 55 85 
s Ao 22 Z3 39 D4 S6 Bs 
6 CLE 23 Z2 40 D3 S7 84 

CRAo S3 41 D2 
A7 S4 40 D3 
As S5 39 D4 
A5 SS 38 D5 

7 OE 24 Z1 41 02 58 83 A4 S7 37 Ds 

8 CLK 25 Zo 42 D1 59 B2 
A3 S8 36 D7 

GND 1 35 GND 
9 GNO 26 GND 43 Do 60 B1 Voo 34 Eo 
10 Voo 27 E1 44 C7 61 Bo A2 33 E1 

11 Z11 28 E5 4S C5 62 CRA1 
12 Z10 29 Es 46 Cs 63 . CRAo 

A1 4 32 E2 
Ao 31 E3 

CLE 30 E4 
13 GND 30 E4 47 C4 64 A1 OE 7 29 Es 

14 Z9 31 E3 48 C3 6S A5 
lS Zg 32 E2 49 C2 66 As 

CLK 28 Es 
GND 27 E7 

16 Z7 33 El so C1 67 A4 0.-NM"<:t'lOC.Or-~~O..-NM"<:t'lOC.O 
..-..-.-..-..-.-.-.-.-..-NNNNNNN 

17 Voo 34 Eo S1 Co 68 A3 ~~~~~~~~~~~~~~N~~ 21427A 

Ordering Information 
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Product Data Temperature Range Screening Package Package 
Number Rate MHz Marking 

TMC22SSR1C 10 STD-TA = 0°c to 1ooc Commercial 68 Pin PLCC 2255R1C 

TMC22SSR1C1 12.5 STD-TA= 0°c to 1ooc Commercial 68 Pin PLCC 225SR1C1 

All parameters m this spec1f1cat1on are guaranteed by design, characterization, sample testing ot 100% testing, as appropriate. 
TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW 
Inc. or others. 

Life Support Policy 
TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the component can 
reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such 
use and indemnifies TRW LSI Products Inc. and TRW Inc. against all damages. 

TRW LSI Products Inc. 



Fixed-Point Arithmetic 

Since the first monolithic multiplier was introduced by TRW in 1976, and multiplication was changed 
from something difficult to something easy, this building block has become ubiquitous in the world of 
signal processing. TRW continues to provide the broadest line of fixed-point multipliers, with word 
sizes from 8 to 16 bits, with and without embedded accumulators. 

Bringing the same ease-of-application to another difficult arithmetic problem in signal processing, the 
TMC3211 Integer Divider produces a 32-bit quotient at 20 million operations/second. Now it is no 
longer necessary to avoid division in image and signal processing algorithms. 

TRW LSI Products Inc. 



Fixed~Point Arithmetic iloV 
Clock 
Rate 1 Power 1 

Product Description Size I MHz) (Watts) Package. Grades 2 Notes Page 

TMC20BK-1 Multiplier 8x8 45 0.55 85, N5 40 Pin DIP c Two's Complement 151 
50 0.55 85 40'Pin DIP V,SMD Compatible with MPV008H. 
65 0.55 85, N5 40 Pin DIP c 
70 0.55 85 40 Pin DIP V, SMD 

TMC28KU-1 Multiplier 8x8 45 0.55 85, N5 40 Pin DIP c Unsigned Magnitude. 151 
50 0.55 85 40 Pin DIP V, SMD Compatible with MPY008H. 
65 0.55 85, N5 40 Pin DIP c 
70 0.55 85 40 Pin DIP V, SMD 

MPY012H Multiplier 12 x 12 115 3.7 JI 64 Pin DIP c 24-8it Product. 13 
140 4.1 Jl 64 Pin DIP A 

MPY112K Multiplier 12 x 12 50 2.4 J4 48 Pin DIP c 16-8it Product 129 
55 3.0 J4 48 Pin DIP A 

TMC21&H Multiplier 16 x 16 145 0.37 J3 64 Pin DIP c 32-8it Product. 161 
185 0.37 J3 64 Pin DIP A 

MPY01&K-1 Multiplier 16x 16 40 4.6 J1 64 Pin DIP c 32-8it Product. 115 
45 4.6 Jl 64 Pin DIP A 

Multiplier 16x 16 45 4.6 J1 64 Pin DIP c 
50 4.6 JI 64 Pin DIP A 

TMC2208 Multiplier-Accumulator 8xB 40 0.4 J4, N4 4B Pin DIP c Compatible with TDC1 OOB. 175 
R1 68 Lead PLCC c 

50 0.4 J4 4B Pin DIP v 
TMC2009 Multiplier-Accumulator 12 x 12 135 0.32 J3 64 Pin DIP c 139 

170 0.32 J3 64 Pin DIP v 
170 0.32 C1 64 Contact CC v 

TMC2210-1 Multiplier-Accumulator 16x 16 65 0.33 NO 64 Pin DIP c Industry-Standard I 6-8it MAC. IB5 
GB 69 Pin PGA c 

BO 0.33 JO 64 Pin DIP v 
GB 69 Pin PGA v 

BO 0.33 NO 64 Pin DIP c 
GB 69 Pin PGA c 

100 0.33 JO 64 Pin DIP v 
GB 69 Pin PGA v 

-2 100- 0.33 NO 64 Pin DIP c 
-3 160 0.33 NO 64 Pin DIP c 

TMC3211 Integer Divider 32-8it 50 O.B2 H5 121 Pin PPGA c 32-8it Dividend, Quotient 195 

Notes: 1. Guaranteed. See product specifications for test conditions. 

2. A=High Reliability. Tc= -55°C to 125°C. 
C=Commercial, TA=0°C to 70°C. 
V=MIL-STD-883 Compliant, Tc= -55°C to 125°C 
SMD =Available per Standardized Military Drawing, Tc= - 55°C to 125°C. 
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MPY012H 

Multiplier 
12x12 Bit, 115ns 

The MPY012H is a high-speed 12 x 12 bit parallel 
multiplier which operates at a 115ns cycle time j8.7MHz 
multiplication rate I. The mult1piicand and the muitipiier 
may be independently specified as two's complement or 
unsigned magnitude, yielding a full-precision 24-bit 
product. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The MPY012H is built with TRW's 
2-micron bipolar process. 

Features 
• 115ns Multiply Time (Worst Case) 
• 12 x 12 Bit Parallel Multiplication With 24-Bit Product 

Output 

Functional Block Diagram 

Y1N 

IY11-ol ---t'----..n 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

I~·· 

• Three-State Outputs 
• Fully TTL Compatible 
• Two's Complement, Unsigned Magnitude, And Mixed 

Mode Multiplication 
• Proven High-Reliability Radiation Hard Bipolar Process 
• Single + 5V Power Supply 
• Available In A 64 Pin Ceramic DIP 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

FORMAT 
ADJUST 

RS 

Phone: 16191 457-1000 
FAX: 16191 455-6314 

CLK M 

FT CLK L 

TRIM 

TRIL 

MSPouT 
IP23-1zl 

LSPOUT 

IP11-ol 

3 

©TRW Inc. 1990 
40G01320 Rev. C-11/90 
Printed in the U.S.A. 
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MPY012H 

Functional Block Digram 

Y1N 

IY11-ol .._~..._12 _ __,., 

Pin Assignments 

4 

X7 1 
X& 2 
Xs 3 
x.. 4 
X3 5 
X2 6 
X1 7 
Xo e 

(LSBI Po 9 
P1 10 
Pz 11 
P3 12 
P4 13 
P5 14 
P& 15 
Pi 16 
Pe 17 
Pg 1e 

P10 19 
P11 20 

TRIL 21 
TRIM 22 
GND 23 
GND 24 

FT 25 
RS 26 

CLK L 27 
CLK M 28 

P12 29 
P13 30 
P14 31 

FORMAT 
ADJUST 

RS 

P15 32 .._____ ____ _______, 

64 Xe 
63 Xg 
62 X10 
61 X11 
60 CLK X 
59 CLK Y 
58 RND 
57 TCX 
56 Yo 
55 Y1 
54 Yz 
53 Y3 
52 Y4 
51 Y5 
50 Vee 
49 Vee 
48 Vee 
47 Y& 
46 Y7 
45 Ye 
44 Yg 
43 Y10 
42 Y11 
41 TCY 

CLK M 

FT CLK L 

40 P23 (MSBI 
39 P22 
38 Pz1 
37 Pzo 
36 P19 
35 P1e 
34 P17 
33 P1& 

TRIM 

TRIL 

64 Lead DIP - J1 Package 

TRW LSI Products Inc. 
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MPY012H 

Functional Description 

General Information 

The MPY012H has three functional sections: input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 12-bit numbers which are to be 
multiplied and the instruction which controls the output 
rounding. This rounding control is used when a single-word 
output is desired. Each input operand is stored independently, 
simplifying multiplication by a constant. The asynchronous· 
multiplier array is a network of AND gates and adders, 

Power 

The MPY012H operates from a single +5 Volt supply. All 
power and ground lines must be connected. 

Name Function 

designed to handle two's complement or unsigned magnitude 
numbers. The output registers hold the product as two 12-bit 
words, the Most Significant Product IMSPI and the Least 
Significant Product ILSPI. Three-state output drivers allow the 
MPY012H to be used on a bus, or allow the least and most 
significant outputs to be lllultiplexed over thP. sAmP. 17-hit 
output lines. 

Value J1 Package 

Vee Positive Supply Vohage +5.DV Pins 48, 49, !iO 

GND Ground o.ov Pins 23, 24 

Control 

The MPY012H has seven control lines: 

FT A control line which makes the output register TCX, TCY 
transparent if it is HIGH. 

Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or TCY forces ... 
the MPY012H to consider the appropriate input ... 

TRIM, TRIL Three-state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
state when TRIM or TAIL is HIGH, and enabled 
when the appropriate control is LOW. 

RS 

RND 

RS is an output format control. A HIGH level on 
RS deletes the sign bit from the LSP and shifts 
the MSP down one bit. This is mandatory for 
unsigned magnitude, mixed mode, and two's 
complement integer operations. 

When RND is HIGH, a one is added to the 
MSB of the LSP. Note that this bit depends on 
the state of the RS control. If RS is LOW when 
RND is HIGH, a one will be added to the 2-12 
bit IP1ol. If RS is HIGH when RNO is HIGH, a 
one will be added to the 2-11 bit IP11 L In 
either case, the LSP output will reflect this 
addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 

TRW LSI Products Inc. 

as a two's complement number, while a LOW 
forces the M PY012H to consider the appropriate 
input as a magnitude only number. 

FT, RS, TRIM and TRIL are not registered. The TCX input is 
registered, and clocked in at the rising edge of the X clock 
signal, CLK X. The TCY input is also registered, and clocked in 
at the rising edge of the Y clock signal, CLK Y. The RND input 
is registered, and clocked in at the rising edge of the logical 
OR of both CLK X and CLK Y. Special attention to the clock 
signals is required if normally HIGH clock signals are used. 
Problems with loading the RND control signal can be avoided 
by the use of normally LOW clocks. 

5 
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Control (Cont.I 

Name Function Value JI Package 

AND Round Control Bit TTL Pin 5e 

TCX X Input, Two's Complement TTL Pin 57 

TCY Y Input, Two's Complement TTL Pin 41 

FT Output Register Feedthrough TTL Pin 25 

RS Output Right Shift TTL Pin 26 

TRIM MSP Three-State Control TTL Pin 22 

TAIL LSP Three-State Control TTL Pin 21 

Data Inputs 

The MPY012H has two 12-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBsl, denoted X11 and Yn carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through X10 and Yo through Y10 !with Xo and Yo 

Name Function 

X11 X Data MSB 

X10 
Xg 

Xe 

X7 

X5 

X5 

X4 

X3 

X2 

X1 

Xo X Data LSB 

Y11 Y Data MSB 

Y10 
Yg 

Ye 

Y7 

Y5 

Y5 

Y4 

Y3 

Y2 

Y1 

Yo Y Data LSB 

6 

the Least Significant Bits!. The input and output formats for 
fractional two's complement, fractional unsigned magnitude, 
fractional mixed mode, integer two's complement, integer 
unsigned magnitude, and integer mixed mode notation are 
shown in Figures 1 through 6. 

Value JI Package 

TTL Pin 61 

TTL Pin 62 

TTL Pin 63 

TTL Pin 64 

TTL Pin 1 

TTL Pin 2 

TTL Pin 3 

TTL Pin 4 

TTL Pin 5 

TTL Pin 6 

TTL Pin 7 

TTL Pin e 

TTL Pin 42 

TTL Pin 43 

TTL Pin 44 

TTL Pin 45 

TTL Pin 46 

TTL Pin 47 

TTL Pin 51 

TTL Pin 52 

TTL Pin 53 

TTL Pin 54 

TTL Pin 55 

TTL Pin 56 

TRW LSI Products Inc. 



MPY012H 

Data Outputs 

The MPY012H has a 24-bit two's complement or unsigned 
magnitude output which is the product of the two input data 
values. This output is divided into two 12-bit output words, 
the Most Significant Product !MSPI and Least Significant 
Product (LSPI. The Most Significant Bit (MSBl of both the MSP 
and the LSP is the sign bit if fractional two's complement 
notation is used (TCX= TCY = 1, RS=DI. The input and output 
formats for frar.tinnAI two's complement fractional unsigned 

Name Function 

P23 Product MSB 

P22 

P21 
P20 
P19 
P1e 
P17 

P15 
P15 
P14 
P13 
P12 
P11 
P10 
Pg 

Pe 
P7 
P5 
P5 
P4 
P3 
P2 
P1 
Po Product LSB 

Clocks 

The MPY012H has four clock lines, one for each of the input 
registers and one for each product register. Data and two's 
complement instructions present at the inputs of these 
registers are loaded into the registers at the rising edge of the 
appropriate clock. The RND input is registered, and clocked in 

Name FunCtion 

CLK X Clock Input Data X 
CLKY Clock Input Data Y 

CLK L Clock LSP Register 

magnitude, fractional mixed mode, integer two's .complement, 
integer unsigned magnitude, and integer mixed mode notation 
are shown in Figures 1 through 6. For the MSP and LSP to be 
read, the respective TRIM and TRIL controls must be LOW. RS 
is an output format control. A logical "1" on RS deletes the 
sign bit from the LSP and shifts the MSP down one bit. This 
is mandatory for unsigned magnitude, mixed mode, or integer 
two's complement operation. 

Value J1 Package 

TTL Pin 40 
TTL Pin 39 
TTL Pin 38 
TTL Pin 37 

TTL Pin 36 
TTL . Pin 35 
TTL Pin 34 
TTL Pin 33 
TTL Pin 32 
TTL Pin 31 
TTL Pin 30 
TTL Pin 29 
TTL Pin 20 
TTL Pin 19 
TTL Pin 18 

TTL Pin 17 
TTL Pin 16 
TTL Pin 15 
TTL Pin 14 
TTL Pin 13 

TTL Pin 12 
TTL Pin 11 
TTL Pin 10 
TTL Pin 9 

at the rising edge of the logical DR of both CLK X and CLK Y. 
Special anention to the clock signals is required if normally 
HIGH clock signals are used. Problems with loading this ·Control 
signal can be avoided by the use of normally LOW clocks. 

Value J1 Package 

TTL Pin 60 
TTL Pin 59 

TTL Pin 27 
CLK M Clock MSP Register TTL Pin 28 

TRW LSI Products Inc. 7 
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MPY012H -~!I•• · ·~·· 
Figure 1. Fractional Two's Complement Notation 

BINARY POINT · 

X11 X10 X9 Xe X7 Xg X5 x.c X3 X2 X1 Xo SIGNAL 

.20 2·1 2·2 2·3 2"' 2·5 r& r7 2-e 2·9 r10 2·11 DIGIT VALUE 

Y11 Y10 Y9 Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

.2D t1 z2 rl z..C z·5 t6 z·7 tB z·9 2-10 2-11 DIGIT VALUE 

Pz3 P22 Pz1 Pzo P19 P1e P17 P1& P15 P14 P13 P12 P11 P10 Pg Pe ..., Pe P5 P4 PJ P2 P1 Po SIGNAL 

.2o 2.1 rZ 2-J 2..c z·5 z·& r7 ts r9 r10 r11 ro r12 r13 r14 r15 r1& r17 r1e r19 tZD r21 rzz DIGIT VALUE IRS= ol 

MSP LSP 

PzJ~~Pzo~~~~~~~~~~PgPgPJPgPg~PJPz~~ 

.21 2o 2-1 rZ z·3 z·4 r5 2.s 2-7 re 2-9 2-10 2-11 2-12 r13 2-14 2-15 r1& 2-11 r1B 2-19 rZD r21 2·22 DIGIT VALUE I RS = 1 I 
MSP LSP 

Figure 2. Fractional Unsigned Magnitude Notation 

BINARY POINT 

X11 X10 Xg Xe X7 Xg "5 x.c X3 X2 X1 Xo SIGNAL 

z·1 t2 z·3 t4 2·5 t6 z·7 re r9 2-10 2.11 2-12 DIGIT VALUE 

Y11 Y10 Y9 Ye Y7 Ye Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 
x 

z·1 z·2 z·3 24 t5 t6 t1 t8 ts 2·10 2·11 2·12 DIGIT VALUE 

= P23 P22 P21 Pzo P19 P1e P17 P11 P15 P14 P13 P12 Pn P10 Pg Pg ..., Pa Ps P4 P3 P2 P1 Po SIGNAL 

2-1 2-2 t3 2..c 2-5 2.s 2-7 2-e 2-s. r10 r11 2-12 r13 2-14 2-15 2-11 r17 2-1e 2-19 rZD r21 rzz 2-23 r24 DIGIT VALUE Ins = 11 

MSP lSP MANDATORY 

Figure 3. Fractional Mixed Mode Notation 

BINARY POINT 

X11 X10 Xg Xe X7 Xg . Xg l(c X3 X2 X1 Xo SIGNAL (TWO'S COMPLEMEN11 

.20 2·1 r2 2·3 2"' r5 2.. 2·7 2.. r9 r10 r11 DIGIT VALUE 

Yn Y10 Yg Ya Y7 Ya Y5 Y4 Y3 Y2 Y1 Yo SIGNAL (UNSIGNED MAGNITUDE) 
x l---t--+--+--+--+--t----11--t--T--+--+---1 

r 1 2·2 t3 t4 2·5 2.. r7 r8 ts r 10 r 11 r 12 DIGIT VALUE 

Pz3~~Pzo~~~~~~~~~~PePe"7PePe~PJPz~~-NAl 

.20 2·1 r2 2·3 2·4 r5 2-e 2·7 2-e rB 2·10 r11 2·12 2·13 r14 2·15 2·18 r17 r18 2·18 2·20 2·21 2·ZZ r23 DIGIT VALUE ~ 
MSP LSP MANDATORY 

8 TRW LSI Products Inc. 



MPV012H ··~·· 
Figure 4. Integer Two's Complement Notation 

BINARY POINT 

X11 X10 X9 Xa X7 X5 X5 X4 X3 X2 x, Xg SIGNAL 

_211 210 29 2a 27 z8 25 z4 23 22 21 zB DIGIT VALUE 

Y11 Y10 Y9 Ya Y7 V5 Y5 V4 V3 Y2 Y1 Vo SIGNAL 
x 

-211 210 29 z8 z7 z6 25 24 23 z2 z1 zD DIGIT VALUE 

Pz3 P22 P21 P20 P19 P1a P17 P15 P15 P14 P13 P12 P11 P10 Pg Pa Pi P5 P5 P4 P3 P2 P1 Pg SIGNAL 

_222 221 220 21a 21a 211 21e 215 214 213 212 211 -222 210 z9 2a 27 ze z5 z4 z3 z2 z1 zB DIGIT VALUEfRS = ol 

MSP LSP 

P23 P22 Pz1 P20 P19 P1a P17 P1e P15 P14 P13 P1z P11 P10 Pg Pa Pi Pe ~ P4 P3 Pz P1 Po SIGNAL 

_z23 222 z21 z20 21e 21B 211 21e 215 214 213 212 211 210 z9 2a z7 z8 z5 z4 z3 z2 z1 zB DIGIT VALUEfRS = 11 

MSP LSP 

Figure 5. Integer Unsigned Magnitude Notation 

BINARY POINT 

X11 X10 Xg Xa X7 Xe X5 ~ X3 Xz X1 Xo SIGNAL 

211 210 z9 zB z7 ze z5 z4 z3 z2 21 zD DIGIT VALUE .. V11 V10 Yg Ya V7 Ye Y5 V4 V3 V2 V1 Yg SIGNAL 
x 

211 210 z9 zB z7 z8 25 z4 z3 z2 21 zB DIGIT VALUE 

P23 P22 Pz1 P20 P19 P1a P17 P1e P15 P14 P13 P1z P11 P10 Pg Pa Pi Pe P5 P4 P3 Pz P1 Pg SIGNAL 

223 222 221 z20 219 21a 211 21e 215 214 213 212 211 210 z9 zB 27 z8 z5 z4 z3 z2 21 20 DIGIT VALUE I RS = 1 I 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT 

X11 X10 X9 Xa X7 Xe X5 X4 X3 Xz X1 Xg SIGNAL !TWO'S COMPLEMENT! 

_211 210 z9 2a 27 2e 25 z4 zl zZ z1 zB DIGIT VALUE 

Y11 V10 Vg Ya V7 Ye V5 V4 V3 Vz V1 Vo SIGNAL !UNSIGNED MAGNITUDE! 
x 

211 210 z9 zB z7 z8 zS z4 z3 zZ z1 zO DIGlT...VALUE 

P23 P22 Pz1 P20 P19 P1a P17 P1e P15 P14 P13 P1z P11 P10 Pg Pe Pi P5 Ps P4 P3 Pz P1 Po SIGNAL !TWO'S COMPLEMENT! 

.z23 z22 221 220 21a 21a 211 21& 21s 214 213 212 211 210 z9 z8 z7 z& z5 z4 zl zZ z1 zD DIGIT VALUE IRS = 1' 
MSP LSP MANDATORY 

TRW LSI Products Inc. 9 
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MPY012H 

Figure 7. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

}= 1ois-

OUTPUT '---------------
-----------'.) !HIGH IMPEOANCEI ------

Figure 8. Timing Diagram, Unclocked Mode 

INPUT 

INPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

Figure 9. Equivalent Input Circuit 

Vee------- Vee 

INPUT 

eLK X, Y, L, M 
R1 = 25K 
R2 = 10K 

10 

R1 

':' 

R2 

INPUT 

TRIL, 
TRIM 

XIN• YIN• 
RNO, TeX. 
TeY, FT, RS 

Ftois 

RJ R4 

25K 10K 

50K 35K 

OUTPUT 

(HIGH IMPEDANCE) 

Figure 10. Equivalent Output Circuit 

----.-----... Vee 

OUTPUT 

':' 
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MPV012H 

Figure 11. Test Load 

TO 5000 

OUTPUT PIN~ VLOAO 

J: 40pF 

GND 

Application Notes 

Mixed Mode Multiplication 

There are several applications in which mixed mode 
multiplication may be advantageous. For example, inputs to a 
digital signal processor are often generated as unsigned 
magnitude numbers le.g., data from an analog-to -digital 
converter!. Th'ese numbers are effectively all positive values. In 
contrast, filter coefficients must often be negative. As a result, 
either the unsigned magnitude data must be converted to 

Multiplication By A Constant 

Multiplicaliun by a constant requires that the constant be 
loaded into the desired input register, and that the selected 
register not be loaded again until a new constant is desired. 

Selection Of Numeric Format 

Essentially, \he difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the M PY012H does not differentiate between this 
operation: 

6 x 2 ~ 12 
and this operation: 

16181 x 12181~12164. 

The difference lies only in constant scale factors lin this case, 
a factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product!. However, these scale factors do have 
implications for hardware design. 

TRW LSI Products Inc. 

Figure 12. Three- State Delay Test Load 

TRIM. TRIL 

THREE-STATE 
OUTPUTS 

1ms o.5V 

HIGH IMPEDANCE 

two's complement notation !which requires an additional bit), or 
the multiplier must be capable of mixed mode operation. The 
M PY012H provides this capability by independently specifying 
the mode of the multiplicand IXI and the multiplier IYI on the 
TCX and TCY pins. No additional circuitry is required and the 
resulting product is in two's complement notation. 

The multiply cycle then consists of loading new data and 
strobing the output register. 

Because common design practice assigns a fixed value to any 
given line land input and output signals often share the same 
line), the scale factors determine the connection of the output 
pins of any multiplier in a system. As a result, only two 
choices are normally made: integer and fractional notation. If 
integer notation is used, the Least Significant Bits of the 
multiplier, multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of the 
multiplier, multiplicand, and product all have the same value. 
These formats are illustrated in detail in Figures 1 through 6. 

11 



MPY012H 

Register Shift IRS) Control 

In two's complement notation, the acceptable range of values 
for a given word size is not the same for positive and 
negative numbers. The largest negative number is one LSB 
larger than the largest positive number. This is true for either 
fractional or integer notation. A problem can arise when the 
largest representable negative number is multiplied by itself. 
This should give a positive number of the same magnitude. 
However, the largest representable positive number is one LSB 
less than this value. As a result, this product cannot be 
correctly represented without using one additional output bit. 

The MPY012H has a Register Shift IRS! control that permits 
shifting of the result to provide a correct answer for every 
two's complement multiplication. When RS is active, the value 
of all bits in the MSP is doubled li.e., shifted left one position), 
which provides the capability to represent the largest possible 
product. The MSB of the Least Significant Product is changed 
from a duplicate of the sign bit to the necessary bit to fill in 
the output word. The effects of this control are illustrated in 
Figures 1 and 4. Note that for unsigned magnitude operation, 
the RS control must be HIGH. 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input 
Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ........................................................................................................................................................................................................... -6.0 to +6.0mA 

Output 

Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 
Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short-circuit duration !single output in high state to ground) .......................................................................................................................................... 1 sec 

Temperature 
Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction ....................................................................................................................................................................................................................... 175°C 

lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ... ; ...................................................................................... ,, ............................................................................................................................... -65 to 150°C 

Notes 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions 1s NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current 1s specified as conventional current flowing into the device 

12 TRW LSI Products Inc. 



MPY012H 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpw Clock Pulse Width 25 30 ns 

ts Input Register Setup Time 25 30 ns 

tH input Register Hoiri Time u 3 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 4.0 mA 

10H Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 'C 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Supply Current Vee • MAX, Static I 700 750 mA 

11L Input Current, Logic LOW Vee • MAX, V1 • 0.4V 

XIN• YIN• AND, FT -0.4 -0.4 mA 

TCX, TCY, RS -0.8 -0.8 mA • CLK l, M, X, and Y; TRIM, TAIL -1.0 -1.0 mA 

llH Input Current, Logic HIGH Vee • MAX, Vi • 2.4V 

XIN· YIN• AND, FT 75 100 µA 

TCX, TCY, RS 75 100 µA 

CLK L, M, X, and Y; TRIM, TAIL 75 100 µA 

11 Input Current, Max Input Voltage Vee • MAX, Vi • 5.5V 1.0 1.0 mA 

Vol Output Voltage, logic LOW Vee • MIN, loL • MAX 0.5 0.5 v 
VoH Output Voltage, logic HIGH Vee • MIN, loH • MAX 2.4 2.4 v 

lo2L Hi-2 Output Leakage Current, Output LOW Vee • MAX, Vi • 0.4V -40 -40 µA 

10ZH Hi-2 Output Leakage Current, Output HIGH Vee • MAX, Vi • 2.4V 40 40 µA 

1os Short-Circuit Output Current V CC • MAX, one pin to ground, -50 -50 mA 

one second duration max, output HIGH 

C1 Input Capacitance TA • 25°C, F • lMHz 15 15 pF 

Co Output Capacitance TA • 25°C, F • lMHz 15 15 pF 

Note· 
1. All inputs and outputs LOW 

TRW LSI Products Inc. 13 



MPY012H 

Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max 

tMc Multiply Time, Clocked Vcc=Min 115 140 

tMuc Multiply Time, Unclocked Vcc=Min 155 185 

to Output Delay Vee= Min, Test Load: VLOAo=2.2V 40 45 

tENA Three-State Output Enable Delay Vee= Min, Test Load: VLoAo= 1.BV 40 45 

to1s Three-State Output Disable Delay Vcc=Min, 40 45 

Test Load: vLOAo=2.6V (to1sol2 

v LOAD= O.OV (tDls 1 )2 

Notes: 1. All transitions are measured at a 1.5V level except for t01s and tENA· which are shown in Figure 12. 

2. to1s1 denotes the transition from logical 1 to three-state. 
to1so denotes the transition from logical 0 to three-state. 

Units 

ns 
ns 

ns 

ns 
ns 

Ordering Information 

14 

Product Temperature Range Screening Package Package 
Number Marking 

MPY012HJ1C STD-TA= 0°C to 70°C Commercial 64 Pin Ceramic DIP 012HJ1C 

MPY012HJ1A EXT-Tc= -55°C to 125°C High Reliability 64 Pin Ceramic DIP 012HJ1A 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notrce. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such us.e and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



MPY016K 

VLSI Multiplier 
16 x 16 Bit, 40ns 

The TRW MPY016K is a video-speed 16 x 16 bit parallel 
multiplier which operates at a 40ns cycle time 125MHz 
mu!tfp!:cation rate}. The mu!tipllcand and the multiplier 
may be independently specified as two's complement or 
unsigned magnitude, yielding a full precision 32-bit 
product. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
0-type flip-flops. The Most Significant Product IMSP) and 
Least Significant Product ILSP) can be multiplexed 
through a dedicated output port, or the LSP can share a 
bidirectional port with the Y input. All outputs are 
three-state. 

Built with TRW's OMICRON-B ™ 1-micron bipolar 
process, the MPY016K is pin compatible with the 
industry standard MPY016H and operates with three 
times the speed at comparable power dissipation. The 
MPY016K is the industry's first true video-speed 16-bit 
multiplier. 

Functional Block Diagram 

Y1N/LSPour ~---~'J 
IY15.o/P15.ol 

TCY 

TRW LSI Products Inc. 
PO Box 2472 
La Jolla, CA 92038 

Features 
• 40ns Multiply Time: MPY016K-1 !Worst Case) 
• 45ns Multiply Time: MPY016K !Worst Case) 
• Pin Compatible With TRW MPY016H 
• 16 x 16 Bit Para!!e! ~v~u!t!pHcatton VV1th 32-Bit Output 
• Two Least Significant Product Output Modes: 

Multiplexed With Most Significant Product Or 
Multiplexed With Y Input 

• Output Registers Can Be Made Transparent 
• Three-State TTL Output 
• Two's Complement, Unsigned Magnitude, Or Mixed 

Mode Multiplication 
• Fully TTL Compatible 
• Proven High-Reliability Radiation Hard Bipolar Process 
• Single + 5V Power Supply 
• Available In A 64 Pin Ceramic DIP 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

RS FT CLK l 

Phone: 1619) 457-1000 
FAX 1619) 455-6314 

TRIL 

MSPouriLSPuur 
IP31.15/P1s-ol 

15 
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MPY016K 

Functional Block Diagram 

Y1NILSPou1 /Ir-re---"! 

IY 15.olP15.ol 

TCY 

Pin Assignments 

16 

X.i 
X3 
X2 
X1 
Xo 

TRIL 
eLK l 
eLK Y 
Pg.Yo 9 
P1.Y1 10 
P2,V2 11 
P3,V3 12 
P4,V4 13 
P5,Y5 14 
P5,V5 15 
f7,V7 16 
P9,V9 17 
P9.Y9 18 

P10.Y10 19 
P11.Y11 20 
P12.Y12 21 
P13,V13 22 
P14'Y14 23 
P15,Y15 24 
Pg,P15 25 
P1.P17 26 
P2.P18 21 
P3,P19 28 
P4,P20 29 
P5,P21 30 
P5,P22 31 
P7,P23 32 

RS FT CLK l 

64 ~ 
63 Xs 
62 X7 
61 Xe 
60 X9 
59 X10 
58 X11 
57 X12 
56 X13 
55 X14 
54 X15 
53 eLK X 
52 RND 
51 TeX 
50 rev 
49 Vee 
48 Vee 
47 GND 
46 GND 
45 MSEL 
44 FT 
43 RS 
42 TRIM 
41 CLK M 
40 P31.P15 
39 P3g,P14 
38 P29.P13 
37 P29.P12 
36 P27,P11 
35 P25.P10 
34 P25.P9 
33 P24'P8 

64 Lead DIP - J1 Package 

TRIL 

TRW LSI Products Inc. 

MSPou1ILSPouT 
IP31.15 IP1s-ol 



MPV016K 

Functional Description 

General Information 

The MPY016K has three functional sections: Input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 16-bit numbers which are to be 
multiplied and the instruction which controls the output 
rounding. The rounding control is used when a single-word 
output is desired. Each input operand is stored independently, 
simplifying multiplication by a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 

Power 

The MPY016K operates from a single +5.0V supply. All power 
and ground lines must be connected. Note that the device is 
pin-compatible with the MPY016H, which has an additional 

Name Function 

designed to handle two's complement or unsigned magnitude 
numbers. The output registers hold the product as two 16-bit 
words, the Most Significant Product IMSPI and the Least 
Significant Product ILSPI. Three-state output drivers allow the 
MPY016K to be used on a bus, or allow the least and most 
significant outputs to be multiplexed over the same 16-bit 
output lines. The Least Significant Product ILSPI is multiplexed 
with the Y input. 

ground pin; this is a control lead in the MPY016K. A ground 
on this pin !which must exist in all MPY016H applications) will 
cause the MPY016K to function like an MPY016H. 

Value J1 Package 

Vee Positive Supply Voltage +5.0V Pins 48, 49 

GNO Ground 

Data Inputs 

The MPY016K has two 16-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBsl, denoted X15 .and Y15. carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through X14 and Yo through Y14 !with Xo and Yo 
the Least Significant Bits). The input and output formats for 
fractional two's complement, fractional unsigned magnitude, 

Name Function 

X15 X Data MSB 

X14 
X13 

X12 
x,, 
X10 
Xg 

Xe 

X7 

X5 

X5 

X4 

X3 

Xz 
x, 
Xo X Data LSB 

TRW LSI Products Inc. 

o.ov Pins 46, 47 

fractional mixed mode, integer two's complement, integer 
unsigned magnitude, and integer mixed mode notation are 
shown in Figures 1 through 6, respectively. The Y inputs are ... 
multiplexed with the LSP outputs, and hence can only be used ... 
when the TAIL control is in a HIGH state. This is true whether 
or not the LSP is also multiplexed out through the MSP output 
port. 

Value J1 Pack!Le 

TTL Pin 54 

TTL Pin 55 

TTL Pin 56 

TTL Pin 57 

TTL Pin 58 

TTL Pin 59 

TTL Pin 60 

TTL Pin 61 

TTL Pin 62 

TTL Pin 63 

TTL Pin 64 

TTL Pin 1 

TTL Pin 2 

TTL Pin 3 

TTL Pin 4 
TTL Pin 5 

17 
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Data Inputs (Cont.I 

Name Function 

Y15 V Data MSB 

Y14 
Y1j 

Y12 
V11 

Y10 
Y9 

Ye 

Y7 

Y5 

Y5 

V4 

Y3 

Y2 

Y1 

Yo V Data LSB 

Data Outputs 

The MPY016K has a 32-bit two's complement or unsigned 
magnitude output which is the product of the two input data 
values. This output is divided into two 16-bit output words, 
the Most Significant Product (MSPI and Least Significant 
Product !LSPI. The Most Significant Bit (MSBJ of both the MSP 
and the LSP is the sign bit if fractional two's complement · · 
notation is used !TCX = TCY = 1, RS = OI. The input and 
output formats for fractional two's complement, fractional 
unsigned magnitude, fractionat mixed mode, integer two's 
complement, integer unsigned magnitude, and integer mixe~ 
m.ode notation are shown in Figures 1 through 6, respectively. 

Name Function 

P31 Product MSB 

P30 

P29 

P2e 

P27 

P25 

P25 

P24 

P23 

P22 

P21 

P20 
P19 

P1e 
P17 

P15 

18 

Value JI Package 

TTL Pin 24 

TTL Pin 23 

TTL Pin 22 

TTL Pin 21 

TTL Pin 20 

TTL Pin 19 

TTL Pin 18 

TTL Pin 17 

TTL Pin 16 

TTL Pin 15 

TTL Pin 14 

TTL Pin 13 

TTL Pin 12 

TTL Pin 11 

TTL Pin 10 

TTL Pin 9 

If MSEL is LOW, the LSP output can be taken from the Y 
input pins only when TRtL is LOW. Care must be taken to 
enable these shared input lines only at the proper time. If 
Mm is HIGH, the LSP output is made available at the MSP 
lines, as well as at the Y input pins; For. an output from the 
MSP lines to be read, the TRIM control must be active. 

RS is an output format control. A HIGH on RS deletes the 
sign bit from the LSP and shifts the MSP down one bit. This 
is mandatory for unsigned magnitude, mixed mode, or integer 
two's complement operation. 

Value JI Package 

TTL Pin 40 
TTL Pin 39 

TTL Pin 38 

TTL Pin 37 

TTL Pin 36 

TTL Pin 35 

TTL Pin 34 

TTL Pin 33 

TTL Pin 32 

TTL Pin 31 

TTL Pin 30 

TTL Pin 29 

TTL Pin 28 

TTL Pin 27 

TTL Pin 26 

TTL Pin 25 

TRW LSI Products Inc. 
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Data Outputs (Cont.I 

Name Function 

P15 
P14 

P13 
P12 

P11 

P10 
Pg 

P9 
P7 

P5 

P5 

P4 
P3 
P2 

P1 
Po Product LSB 

Clocks 

The MPY016K has four clock lines, one for each input register 
and one for each product register. Data and two's complement 
instructions present at the inputs of these registers are loaded 
into the registers at the rising edge of the appropriate clock. 
The RND input is registered, clocked in at the rising edge of 

Name Function 

CLK X Clock Input Data X 

CLK Y Clock Input Data Y 

CLK L Clock LSP Register 
CLK M Clock MSP Register 

TRW LSI Products Inc. 

Value J1 Package 

MUXED 

lnputlOuput 

TTL Pin 24/Pin 40 

TTL Pin 23/Pin 39 

TTL Pin 22/Pin 38 

TTL Pin 21 /Pin 37 

TTL Pin 20/Pin 36 

TTL Pin 19/Pin 35 

TTL Pin 18/Pin 34 

TTL Pin 17 /Pin 33 

TTL Pin 16/Pin 32 

TTL Pin 15/Pin 31 

TTL Pin 14/Pin 30 

TTL Pin 13/Pin 29 

TTL Pin 12/Pin 28 

TTL Pin 11/Pin 27 

TTL Pin 10/Pin 26 

TTL Pin 9/Pin 25 

the logical DR of both CLK X and CLK Y. Special attention to 
the clock signals is required if normally HIGH clock signals are .... 
used. Problems with loading this control signal can be avoided .... 
by the use of normally LOW clocks. 

Value J1 Package 

TTL Pin 53 

TTL Pin 8 

TTL Pin 7 

TTL Pin 41 
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Controls 

The MPY016K has eight control lines. 

FT A control line which makes the output register RND 
transparent if it is HIGH. 

When RND is HIGH, a one is added to the 
MSB of the LSP. Note that this bit depends on 
the state of the RS control. If RS is LOW when 
RND is HIGH, a one will be added to the 2-16 
bit IP14l. If RS is HIGH when RND is HIGH, a 
one will be added to the 2-15 bit IP15I. In 
either case, the LSP output will reflect this 
addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 

TRIM, TRIL Three -state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
state when TRIM or TRIL is HIGH, and enabled 
when the appropriate control is LOW. 

RS 

20 

RS is an output format control. A HIGH level on 
RS deletes the sign bit from the LSP and shifts 
the MSP down one bit. This is mandatory for 
unsigned magnitude, mixed mode, and two's 
complement integer operations. 

MSEL is an output multiplex control. When 
MSEL is LOW, the MSP is available to the 
output three-state drivers at the MSP port, and 
the LSP is available to the output three-state 
drivers at the LSP/Y input port. When MSEL is 
HIGH, the LSP is available to both three-state 
drivers and the MSP is not available. 

Name Function 

RNO Round Control Bit 

TCX, TCY Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or TCY makes 
the appropriate input a two's complement input, 
while a LOW makes the appropriate input a 
magnitude only input. 

FT, RS, MSEL, TRIM, and TRIL are not registered. The TCX 
input is registered, and clocked in at the rising edge of the X 
clock signal, CLK X. The TCY input is also registered, and 
clocked in at the rising edge of the Y clock signal, CLK Y. The 
RND input is registered, and clocked in at the rising edge of 
the logical OR of both CLK X and CLK Y. Special attention is 
required if normally HIGH clock signals are used. Problems 
with loading of these control signals can be avoided by the 
use of normally LOW clocks. 

Value JI Package 

TTL Pin 52 

TCX X Input Two's Complement TTL Pin 51 

TCY Y Input Two's Complement TTL Pin 50 

FT Output Register Feedthrough TTL Pin 44 

RS Output Register Shilt TTL Pin 43 

MSEL Output Select TTL Pin 45 

TRIM MSP Three-State Control TTL Pin 42 

TRIL LSP Three-State Control TTL Pin 6 

TRW LSI Products Inc. 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Xt5 Xt4 Xt3 X12 X11 Xto X9 Xe X7 X5 X5 X4 X3 X2 Xt Xo SIGNAL 

.20 2-t 2·2 2·3 2-4 2·5 2-6 2-7 2·8 2·9 2-tO 2·11 2·t2 2-t3 i-t4 2·t5 DIGIT VALUE 

Yt5 Yt4 Y13 Y12 Y11 Yto Y9 Ya Y7 Y5 Y5 Y4 Y3 Y2 Yt Yo SIGNAL 

.20 2-t 2·2 2·3 2-4 2·5 2·6 2-7 2·8 2·9 2-tO 2-tt 2-t2 2-t3 2·t4 2·t5 DIGIT VALUE 

P3t P30 P29 P29 P27 P25 P25 P24 P23 P22 P2t P20 Pt9 Pta P17 Pt& Pt5 Pt4 P13 Pt2 Pu Pto P9 Pa "7 P5 P5 P4 P3 P2 Pt Po SIGNAL 

.2o 2-t 2-2 2-3 2-4 2-5 2-6 1-1 2-e 2-9 2-to 2-tt 2-t2 2-t3 2-t4 2-ts 1o 2-t6 2-11 2-tB 2-t9 2-20 2-2t 2-22 2.23 2.24 2.25 2-2& 2.21 2-2e 2.29 2-30 DIGIT VALUE !Rs= ol 

MSP LSP 

P3t P30 P29 p28 P27 P21j Pis P24 P23 P22 P2t P20 Pt9· Pta P17 Pt6 Pts Pt4 Pt3 P12 Ptt Pto P9 Pa "7 P5 P5 P4 P3 P2 Pt Po 

.2t 20 2-t 2·2 2·3 2-4 2·5 2-6 2-7 2·8 2·9 2-tO 2·11 2·t2 2-t3 2·t4 2·t5 2-t6 2·17 2-te 2·t9 2·20 2·2t ,22 2·23 2-24 2·25 2·26 2·27 2·28 2·29 2-30 DIGIT VALUE I RS = t I 
MSP LSP 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Xts Xt4 X13 Xt2 X11 Xto X9 Xe X7 X5 X5 X4 X3 X2 Xt Xo SIGNAL 

2-t 2·2 2·3 2-4 2·5 2·6 2·7 2·8 2·9 2·10 2·11 2·t2 2-t3 2-t4 2·t5 2·t6 DIGIT VALUE 

Yt5 Yt4 Yt3 Yt2 Y11 Yto Y9 Ya Y7 Y5 Y5 Y4 Y3 Y2 Yt Yo SIGNAL 

2-t 2·2 2·3 2-4 i-5 2·6 2-7 2·8 2·9 2·10 2-tt 2·t2 2-t3 2·t4 2·t5 2·t6 DIGIT VALUE .. 
P3t P30 P29 P2a P27 P25 P25 P24 P23 P22 P2t P20 Pt9 P1a P17 Pt6 Pts Pt4 Pt3 Pt2 P11 P10 P9 Pa "7 P5 P5 P4 P3 P2 P1 Po SIGNAL 

2.1 2-2 2-3 2-4 2-s 2-6 1-1 2-e 2-9 2-10 2-11 2-t2 2-t3 2-t4 2-ts 2-t6 2-11 ,ta 2-t9 2-20 2-2t 2-22 2-23 2.24 2-25 2.25 2-21 2-2e 2-29 2-30 2-3t 2-32 DIGIT VALUE IRs = ti 

MSP LSP MANDATORY 

Figure 3. Fractional Mixed Mode Notation 

BINARY POINT 

Xts Xt4 X13 Xt2 X11 X10 X9 Xe X7 X5 X5 X4 X3 X2 Xt Xo SIGNAL !TWO'S COMPLEMENn 

.20 2-t 2·2 2·3 2-4 2·5 2·6 2-7 2-8 2-9 2-tO 2-11 2-t2 2-t3 2-t4 2-t5 DIGIT VALUE 

Yts Yt4 Y13 Yt2 Y11 Yto Y9 Ya Y7 Y5 Y5 Y4 Y3 Y2 Yt Yo SIGNAL !UNSIGNED MAGNITUDE) 

2-t 2·2 2·3 2-4 2·5 2·6 2·7 2·8 2·9 2-tO 2·11 2·t2 2-t3 2-t4 2·t5 2-t6 DIGIT VALUE 

P3t P30 P29 P29 P27 P25 P25 P24 P23 P22 P2t P20 Pt9 Pta P17 Pt6 Pts Pt4 Pt3 P12 Ptt P10 P9 Pa "7 P5 P5 P4 P3 P2 P1 Po SIGNAL 

.20 2-t 2·2 2-3 2·4 2·5 2·6 2·7 2·8 2·9 2-tO 2-tt 2-t2 2·t3 2-t4 i-t5 2-t6 2·17 2-tB 2-t9 2·20 2-2t 2-22 2-23 2·24 2-25 2·26 2-27 2-28 2·29 2·30 2-31 DIGIT VALUE I RS= t I 
MSP LSP MANDATORY 

TRW LSI Products Inc. 21 



MPY016K ··~·· 
Figure 4. Integer Two's Complement Notation 

BINARY POINT 

X15 X14 X13 X12 Xn X10 X9 Xa X7 X5 X5 X4 X3 Xz ~1 Xo SIGNAL 

.21s 214 21J 212 211 210 z9 z8 z7 z6 z5 z4 z3 z2 z1 zO DIGIT VALUE 

Y15 Y14 Y13 Y1z Yn Y10 Y9 Ya Y7 Y5 Y5 Y4 Y3 Yz Y1 Yo SIGNAL 

.215 214 213 212 211 210 z9 z8 z7 z6 z5 z4 z3 z2 z1 zO DIGIT VALUE 

~~~~~~~~~~~~~~~~~~~~~~ Pg Pa I'] P5 Ps P4 P3 Pz P1 Po SIGNAL 

~~~~~~~~~~~~~~~~-~~~~ 210 z9 z8 z7 z9 z5 z4 z3 z2 z1 z8 DIGIT VALUE I RS • 0 I 
MSP LSP 

P31 P30 P29 Pza Pz7 Pz& Pz5 Pz4 P23 Pzz Pz1 Pzo P19 P1e P17 P1& P15 P14 P13 P12 Pn P10 Pg Pa P7 P& P5 P4 P3 Pz P1 Po SIGNAL 

~z30~~~~~~~~~~~~~~~~~~~~ z9 z8 z7 z9 z5 z4 z3 zZ zl zO DIGIT VALUE I RS • 1 i 
MSP LSP 

Figure 5. Integer Unsigned Magnitude Notation 
BINARY POINT 

X15 X14 X13 X1z X11 X10 Xg Xe X7 X5 X5 X4 X3 Xz X1 Xo SIGNAL 

21s 214 213 212 211 210 z9 z8 z7 z6 z5 z4 z3 z2 z1 z8 DIGIT VALUE 

x Y15 Y14 Y13 Y1z Yu Y10 Y9 Ya Y7 Y5 Y5 Y4 Y3 Yz Y1 Yo SIGNAL 

21s 214 213 212 211 210 zB z8 z7 z6 z5 z4 zl z2 z1 zO DIGIT VALUE 

P31 P30 Pzg Pza P27 P25 ~ Pz4 P23 ~ Pz1 Pzo P19 P1a P17 P1& P15 P14 P13 P1z P11 P10 P9 Pe I'] P5 P5 P4 P3 Pz P1 Po SIGNAL 

z31 z3ll z29 22a z27 ~ z25 z24 ~ ~ z21 z20 z19 21a 217 z16 21s 214 21J 212 211 110 zB zB z7 z& z5 z4 z3 z2 z1 zD DIGIT VALUE I RS • 1 I 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT 

X15 X14 X13 X12 Xn X10 Xg Xa X7 Xs X5 X4 X3 Xz X1 Xo SIGNAL ITWD'S COMPLEMENT) 

.21s 214 213 212 211 210 zB za z7 z& z5 z4 z3 z2 zl zO DIGIT VALUE 

x Y15 Y14 Y13 Y12 Y11 Y10 Y9 Ya Y7 Y5 Y5 Y4 Y3 Yz Y1 Yo SIGNAL !UNSIGNED MAGNITUDE) 

21s 214 213 212 211 210 z9 z8 z7 z5 z5 z4 zl z2 z1 zO DIGIT VALUE 

P31 P30 Pz9 Pze Pz7 PZ& ~ Pz4 P23 ~ Pz1 Pzo P19 P1a P17 P1e P15 P14 P13 P1z Pn P10 Pg Pe I'] P5 P5 P4 P3 Pz P1 Po SIGNAL 

.231 2JO 2zs 2za 221 z26 2zs 224 223 222 221 220 219 21e 211 21& 21s 214 213 212 211 210 zB za z7 z& z5 z4 z3 zZ z1 zD DIGIT VALUE IRS • 1 I 
MSP LSP MANDATORY 
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Figure 7. Timing Diagram, Non-Multiplexed Output 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

'J= 1ois-

!HIGH IMPEDANCE! 

Figure 8. Timing Diagram, Unclocked Mode, Non-Multiplexed Output 

INPUT 

INPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

Figure 9. Timing Diagram, Multiplexed Output 

INPUT 
DATA 

CLK X, Y 

CLK P 

!HIGH IMPEDANCE! 

tpw 

OUTPUT 

OUTPUT 
DATA 

___ =1'"t= 
TRW LSI Products Inc. 
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Figure 10. Equivalent Input Circuit figure 11. Equivalent Output Circuit 

Vee Vcc-------
R1 R4 

Note: 1. CLK Y and CLK l each drive two equivalent inputs. 

Figure 12. Test Load 

5000 

~~TPUT PIN~ VLOAD 

I40pf 
GNO 
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-------... lice 

OUTPUT 

Figure 13. Transition Levels For Three-State Measurements 

TRIM, TRIL 

THREE-STATE 
OUTPUTS 

1DIS 0.5V 

HIGH IMPEDANCE 

0.5V 
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Application Notes 

Mixed Mode Muhip6cation 

There are several applications in which mixed mode 
multiplication may be advantageous. For example, inputs to a 
digital signal processor are often generated as unsigned 
magnitude numbers !e.g., data from an analog-to-digital 
converter!. These numbers are effectively all positive values. In 
contrast, filter coefficients must often be negative. As a result. 
either the data must be converted to two's complement 

Multiplication By A Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register, and that the desired 
register not be loaded again until a new constant is desired. 

Selection Of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the MPY016K does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

16/81 x 12/81 = 12/64. 

The difference lies in constant scale factors !in this case, a 
factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product). However, these scale factors do have 

Register Shift IRS) Control 

In two's complement notation, the acceptable range of values 
for a given word size is not the same for positive and 
negative numbers. The largest negative number is one LSB 
larger than the largest positive number. This is true for either 
fractional or integer notation. A problem can arise when the 
largest representable negative number is multiplied by itself. 
This should give a positive number of the same magnitude. 
However, the largest representable positive number is one LSB 
less than this value. As a result, this product cannot be 
correctly represented without using one additional output bit. 

TRW LSI Products Inc. 

notation !which requires an additional bitl, or the multiplier 
must be capable of mixed mode operation. The MPY016K 
provides this capability by independently specifying the mode of 
the multiplicand IXI and the multiplier IYI on the TCX and TCY 
pins. No additional circuitry is required and the resulting 
product is in two's complement notation. 

The multiply cycle then consists of loading new data and 
strobing the output register. 

implications for hardware design. Because common good 
design practice assigns a fixed value to any given line land 
input and output signals often share the same line), the scale 
factors determine the connection of the output pins of any 
multiplier in a system. As a result, only two choices are 
normally made: integer and fractional notation. If integer 
notation is used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If fractional 
notation is used, the Most Significant Bits of the multiplier, 
multiplicand, and product all have the same value. These 
formats are illustrated in detail in Figures 1 through 6. 

The MPY016K has a Register Shih IRSI control that permits 
shifting of the result to provide a correct answer for every 
two's complement multiplication. When RS is active, the value 
of all bits in the MSP is doubled !i.e. shifted left one position), 
which provides the capability to represent the largest possible 
product. The MSB of the Least Significant Product is changed 
from a duplicate of the sign bit to the necessary bit to fill in 
the output word. The effects of this control are illustrated in 
Figures 1 and 4. Note that for unsigned magnitude operation, 
the RS control must be HIGH. 

25 
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Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltage ................................................................................................................................................................................................................... ,.................... -0.5 to +7.0V 

Input 

Applied voltage .......................................................................................................................................................................................................... -0.5 to + 5.5V 2 

Forced current ........................................................................................................................................................................................................... -6.0 to +6.0mA 

Output 
Applied voltage ......................................................... , ........................................................................... , ..................................................................... -0.5 to +5.5V2 

Forced .current ..................................................................................................................................................................................................... -0.1 to ·+6.0mA3,4 
Short-circuit duration !single output in high state to ground) .......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......... : ............................................................................................................................................................................................... -60 to + 140°C 

junction ....................................................................................................................................................................................................................... 175°C 
lead, soldering 110 seconds) . ..... .. . . .. . .... . .. .... .... .. .. .. .. .. .. .... .. .... ... . .. . .. . .. .. .. .. .. .. ..... . ...... .. . .... ...... ... .... .. . . . ..... .... ...... .. ... .................. ........ ..... . .... .. ................. ..... ........ 300°C 
Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation .under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 
3. Forcing voltage must be limited to specified range. 

4. Currem is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpwL Clock Pulse Width, LOW 15 22 ns 

tpwH Clock Pulse Width, HIGH 15 22 ns 

ts Input Setup Time IMPY016Ki 20 25 ns 
IMPY016K-1) 20 20 ns 

tH Input Hold Time 0 2 ns 

Vil Input Voltage, logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 
Tc Case Temperature -55 + 125 oc 

26 TRW LSI Products Inc. 
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Electrical characteristics within specified operating conditions 

Tamperat1n Range 
Sta'*11 Extended 

Parameter Test Canditions Min Max Min Max Units 

Ice Supply Current Vee - MAX, Static 1 

TA - 0°C to 7D°C 875 mA 

TA> 25°C2 880 mA 

Tc - -55°C to + 125°C 1050 mA 

Tc> 35°C 960 mA 

Vee - 5.ov 
TA> 25°C 840 mA 

Tc> 35°C 920 mA 

11L Input Current, Logic LOW Vee - MAX, Vi - 0.4V 
XIN• YIN• TCY, TCX, FT, RND -0.2 -0.2 mA 
CLK Y, CLK L -11 -1.2 mA 

CLK X, CLK M, Mill. TRIM, TRtl, RS -0.6 -0.6 mA 

l1H Input Current, Logic HIGH Vee - MAX, V1 - 2.4V 

XIN• YIN• TCY, TCX, FT, RND 50 50 µA 
CLK Y, CU< L 100 100 µA 

CU< X, CU< M, Mm, TRIM, TRIL, RS 50 50 µA 

11 Input Current, Max Input Voltage Vee - MAX, Vi - 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW Vee - MAX, loL - MAX 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee • MIN, loH - MAX 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Vee - MAX, Vi - 0.4V 
Non-Shared Pins -40 -50 µA 
Shared Pins -200 -200 µA 

1ozH Hi-Z Output Leakage Current, Output HIGH Vee - MAX, Vi - 2.4V 
Non-Shared Pins 40 50 µA 
Shared Pins 50 50 µA 

1os Short Circuit Output Current Vee - MAX, One pin to ground, -4 -50 -4 -50 mA 
one second duration, output HIGH. 

C1 Input Capacitance TA • 25°C, f - 1MHz 10 10 pf 

Co Output Capacitance TA - 25°C, f - 1MHz 10 10 pf 

Notes: 
1. Worst case, all inputs and outputs LOW. 

2. Part has a negative temperature coefficient, i.e., power consumption falls as temperature increases. 

TRW LSI Products Inc. 27 
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Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max 

tMc Multiply Time, Clocked Vcc=Min, 
MPY016K 45 50 

MPY016K-1 40 45 

tMuc Multiply Time, Unclocked Vcc=Min 
MPY016K 75 85 

MPY016K-1 70 75 

to Output Delay Vee= Min, Test Load: VLQAD = 2.2V 
MPY016K 30 35 

MPY016K-1 30 30 

ts EL Output Multiplex Select Delay Vee= Min, Test Load: VLoAo=2.2V 20 25 

tENA Three-State Output Enable Delay Vcc=Min, Test Load: VLoAo= 1.BV 30 35 

tDls Three-State Output Disable Delay Vcc=Min, 30 35 

Test Load: vLOAo=2.6V itD1sol2 

VLOAo=O.OV (to1s1) 2 

Notes: 1. All transitions are measured at a 1.5V level except for trns and tENA· which are shown in Figure 13. 

2. t01 s1 denotes the transition from logical 1 to three-state. 
trnso denotes the transition from logical 0 to three-state. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Ordering Information 

28 

Product Temperature Range Screening Package Package 
Number Marking 

MPY016KJ1C STD-TA=0°C to 70°C Commercial 64 Pin Ceramic DIP 016KJ1C 

MPY016KJ1 C1 STD-TA=0°C to 70°C Commercial 64 Pin Ceramic DIP 016KJ1 C1 

MPY016KJ1A EXT - Tc= -55°C to 125°C High Reliability 64 Pin Ceramic DIP 016KJ1A 

MPY016KJ1A1 EXT - Tc= -55°C to 125°C High Reliability 64 Pin Ceramic DIP 016KJ1A1 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc against all damages 

TRW LSI Products Inc. 
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Multiplier 
12 x 12 Bit. 50ns 

The MPY112K is a video-speed 12x12 bit parallel 
multiplier which operates at a 50ns cycle time (2DMHz 
mu!tip!icnticn iJtc). The mu!tlp!:cCJnd and the multiplier 
may be specified together as two's complement or 
unsigned magnitude, yielding a 16-bit result. Mixed mode 
operation is not available on this device. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The most significant 16 bits of the 
product are available at the output register. The output is 
a single three-state port. 

Built with TRW's OMICRON-B™ 1-micron bipolar process, 
the MPY112K is similar to the industry standard 
MPY012H but operates with more than twice the speed 
at about three-quarters of the power dissipation. The 
MPY112K is the industry's first true video-speed 12-bit 
multiplier. 

Functional Block Diagram 

12 

CLK X 

Rx 
1121 

Ry 
(12) 

(1) 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla. CA 92038 

Features 

• 50ns Multiply Time (Worst Case) 
• 12 x 12 Bit Parallel Multiplication With 16-Bit Product 

Output 
• Fullv TTL Compatible 
• Three-State Outputs 
• Two's Complement Or Unsigned Magnitude 

Multiplication 
• Proven High-Reliability Radiation Hard Bipolar Process 
• Single + 5V Power Supply 
• Available In A 48 Pin Ceramic DIP 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

FORMAT 
ADJUST 

Phone: 1619) 457-1000 
FAX: (619) 455-6314 

Rp 
(121 P23-8 
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MPY112K 

Functional Block Diagram 

Rx 
(12) 

CLKX >-----

Ry 
(12) 

{1) 

FORMAT 
ADJUST 

Rp 
(12) 

CLKM >---11....--------------------~ 

Pin Assignments 

X10 1 [[j] ,1"7 48 Xg 
~1 2 ~ ~ 

Yo J Ji. 46 x7 
Yt 4 45 X5 
Y2 5 44 X5 
Y3 6 43 ~ 
Y4 7 42 X3 
Y5 a 41 X2 

:: ,: I~ II : ~ Ya 11 I 38 CLK x 
Vee 12 j" . 37 GND 
Vee 13 I ~i 36 GND 

Y 14 ' 35 Pa 9 I 
Yto 15 ~ 34 Pg 
Ytt 16 33 P10 
TC 17 32 P11 

CLK M ta 31 P12 
DE 19 30 P13 

P23 20 29 P14 
P22 21 28 P15 
P21 22 27 Pt& 
P20 23 26 P17 
P19 24 ~---~ 25 Pts 

48 Lead DIP - J4 Package 

30 TRW LSI Products Inc. 
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MPY112K 

Functional Description 

General Information 

The MPY112K has three functional sections: input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 12-bit numbers which are to be 
multiplied and the instruction which controls whether the 
inputs are to be considered as two's complement or unsigned 
magnitude numbers. Each input operand is stored 
independently, simplifying multiplication by a constant; however, 

Power 

The MPY112K operates from a single +5 Volt supply. Note 
that the maximum voltage for proper operation over the 

Name Function 

Vee Positive Supply Voltage 

GNO Ground 

Data Inputs 

The MPY112K has two 12-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBsl, denoted X 11 and Y n. carry the sign information 
for the two's complement notation. The rest of the bits are 
denoted Xo through X10 and Yo through Y10 !with Xo and Yo 

Name Function 

X11 X Data MSB 

X10 
Xg 

Xe 

X7 

X5 

X5 

X4 

X3 

X2 

X1 

Xo X Data LSB 

TRW LSI Products Inc. 

since the product and the Y input share a common clock, any 
constant should be stored in the X register. The asynchronous 
multiplier array is a network of AND gates and adders which 
have been designed to handle two's complement or unsigned 
magnitude numbers. The output register holds the most 
significant 16 bits of the product. Three-state output drivers 
allow the MPY112K to be used on a bus. 

extended temperature range is 5.25 Volts. All power and 
ground lines must be connected. 

Value J4 Package 

+5.0V Pins 12, 13 

o.ov Pins 36, 37 

the Least Significant Bits!. The input and output formats for 
fractional two's complement notation, fractional unsigned 
magnitude notation, integer two's complement notation, and 
integer unsigned magnitude notation are shown in Figures 1 
through 4, respectively. 

Value J4 Package 

TTL Pin 2 

TTL Pin 1 

TTL Pin 48 

TTL Pin 47 

TTL Pin 46 

TTL Pin 45 

TTL Pin 44 

TTL Pin 43 

TTL Pin 42 

TTL Pin 41 

TTL Pin 40 

TTL Pin 39 

31 
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MPY112K 

Data Inputs (Cont.) 

Name Function 

Y11 Y Data MSB 

Y10 
Yg 

Ye 
Y7 

Y5 
Y5 
Y4 

Y3 

Y2 

Y1 
Yo Y Data LSB 

Data Outputs 

The MPY112K has a 16-bit two's complement or unsigned 
magnitude output which is the product of the two input data 
values. This output is the most significant 16 bits of the 
complete product. The output is truncated to this length, not 
rounded. The Most Significant Bit IMSBI of the product is the 
sign bit if two's complement notation is used ITC~ 11. The 

Name Function 

P23 Product MSB 

P22 

P21 

P20 
P19 

P1a 

P17 

P15 

P15 

P14 
P13 

P12 
P11 

P10 
Pg 

Pa 

32 

Value J4 Package 

TTL Pin 16 
TTL Pin 15 
TTL Pin 14 

TTL Pin 11 

TTL Pin 10 
TTL Pin 9 

TTL Pin 8 
TTL Pin 7 

TTL Pin 6 

TTL Pin 5 
TTL Pin 4 

TTL Pin 3 

input and output formats for fractional two's complement 
notation, fractional unsigned magnitude notation, integer two's 
complement notation, and integer unsigned magnitude notation 
are shown in Figures 1 through 4, respectively The output 
driver is in the high-impedance state when OE is HIGH, and 
enabled when OE is LOW. 

Value J4 Package 

TTL Pin 20 
TTL Pin 21 

TTL Pin 22 
TTL Pin 23 

TTL Pin 24 
TTL Pin 25 

TTL Pin 26 

TTL Pin 27 

TTL Pin 28 
TTL Pin 29 
TTL Pin 30 
TTL Pin 31 
TTL Pin 32 
TTL Pin 33 

TTL Pin 34 

TTL Pin 35 

TRW LSI Products Inc. 



MPY112K 

Clocks 

The MPY112K has two clock lines, one for the X input register 
and one for both the Y input register and the product register. 
Data present at the X input are loaded into the registers at 
the rising edge of CLK X. Data present at the Y input, the 

Name Function 

CLK X Clock Input Data X 

CLK M Master Clock 

Controls 

The MPY112K has two control lines. OE is a three-state 
enable line for the output. The output drivers are in the 
high-impedance state when OE is HIGH, and enabled when DE 
is LOW. 

Name Function 

TC Two's Complement 

llE Three-State Control 

TRW LSI Products Inc. 

two's complement instruction, and the product present at the 
output of the asynchronous multiplier array are loaded into the 
appropriate registers at the rising edge of CLK M. 

Value J4 Package 

TTL Pin 38 
TTL Pin 18 

The device will interpret data as two's complement when TC 
is HIGH, and as unsigned magnitude when TC is LOW. OE is 
not registered. TC is registered and clocked in at the rising 
edge of CLK M. 

Value J4 Package 

TTL Pin 17 
TTL Pin 19 

33 



MPV112K 

Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

JCe X7 lit; Xi; X, X3 X2 X1 Xo SIGNAL 

2·3 z-4 z·5 z·& z-7 z-8 z-9 z-10 z·11 DIGIT VAWE 

Ya Y7 Ya Y5 Y4 Y3 Yz Y1 Yo SIGNAL 

t3 t4 2·5 2·6 2·7 ti t9 2-10 2· 11 DIGIT VALUE 

SIGNAL 
l--ll--ll--ll--ll--ll--l--1--1--11--11--11--11--11--11--1--11--1--11--11--11--11--11--11--1 

DIGITVAWE 

Figure 2. Fractional Unsigned Magnitude Notation 

BINARY POINT 

X11 X10 Xg Xe X7 lit; X5 X. X3 X2 X1 Xo SIGNAL 

2·1 t2 2·3 t4 t5 ti tl 2~ t9 t10 t11 2·12 DIGIT VAWE 

Y11 Y10 Yg Ya Y7 Ya Y5 Y4 Y3 Y2 v, Yo SIGNAL 

z·5 2·6 z·7 z·B ~ z-10 z-11 z-12 DtDIT VALUE 

Figure 3. Integer Two's Complement Notation 
BINARY PllNT 

X11 X10 Xg xa X7 Xe X5 X4 X3 •2 •1 Xo SIGNAL 

.211 210 2e 21 27 'ii tl i4 i3 ,,_ 
21 ,0 DIGIT VAWE 

Y11 Y10 Y9 Ye Y7 Ye Y5 Y4 Y3 Yz Y1 Yo SIGNAL 

.211 ,10 29 21 27 'ii tl i4 23 22 21 ,0 DllllTVAWE 

Figure 4. Integer Unsigned Magnitude Notation 
BINARY PD111T 

X11 •10 Xg Xe X7 Xe .. .. X3 •2 •1 Xo SIGNAL 

211 ,10 tl 'ii 27 ,a 2• i4 i3 22 21 ,0 DIGIT VAWE 

Y11 Y10 Yg Ye Y7 Ye Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

z11 210 2a ,a ,, ,a tl i4 i3 22 21 ,0 DIGIT VALUE 

"n '22 P21 '2o P19 P19 P17 P1& P15 P14 P13 P12 P11 P10 Pg Pe SIGNAL 

2ZJ z'l1 221 220 21e 211 211 21& 21& 21• 213 212 211 210 2a ,a DIGIT VAWE 

34 TRW LSI Products Inc. 



MPY112K 

Figure 5. Timing Diagram 

INPUT 

CLK X 

CLK M 

r-•MPY 
l ... 

.,] OUTPUT 

THREE-STATE 
CONTROL (OE) 

OUTPUT 

Figure 6. Equivalent Input Circuit 

Vee-------
Rl R2 

INPUT INPUT 

CLK X. M 

Rl = 25K 

R2 = lOK 
OE 

X11-0 

Y11-0 
.,,. TC 

Figure 8. Test Load 

F 1ms 

RJ R4 

25K lDK 

50K 35K 

TO 5000 

OUTPUT PIN~ VLOAD 

:i 40pf 

GND 

TRW LSI Products Inc. 

R4 

HIGH IMPEDANCE 

Figure 7. Equivalent Output Circuit 

----------ovcc 

Figure 9. Transition Levels For Three-State Measurements 

THREE-STATE 
OUTPUTS 

1ms o.5V 

0.5V 

HIGH IMPEDANCE 
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MPY112K 

Absolute maximum ratings !beyond which the device will be damaged! 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input 

Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ........................................................................................................................................................................................................... -6.0 to +6.0mA 

Output 

Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ................................................................................................................................................................................................... -1.0 to +6.0mA 3,4 

Short-circuit duration (single output in high state to ground) .......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................... -65 to 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functmnal operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limned to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.25 v 

tpwL Clock Pulse Width, LOW 20 25 ns 

tpwH Clock Pulse Width, HIGH 20 25 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 5 10 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 2.5 mA 

loH Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

36 TRW LSI Products Inc. 



MPV112K 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

1cc Supply Current Vee = MAX, Static 450 550 

l1L Input Current, logic LOW Vee = MAX, v, = 0.4V 

Data Inputs, TC -0.2 -0.3 

ClK X, OE -0.B -0.?5 

CLK M -1.2 -1.5 

l1H Input Current, logic HIGH Vee = MAX, Vi = 2.4V 

Data Inputs, TC 50 50 

CLK X, OE 50 50 

CLK M 100 100 
,, Input Current, Max Input Voltage Vee = MAX, Vi = 5.5 1.0 1.0 

Vol Output Voltage, logic LOW Vee = MAX, 'oL = MAX 0.5 0.5 

VoH Output Voltage, Logic HIGH Vee = MIN, 'oH = MAX 2.4 2.4 

1ozL Hi-Z Output leakage Current, Output LOW Vee = MAX, Vi = 0.4V -40 40 -40 40 

1ozH Hi-Z Output Leakage Current, Output HIGH Vee = MAX, Vi = 2.4V -40 40 -40 40 

'as Short-Circuit Output Current Vee = MAX, Output HIGH, one pin to ground, -50 -50 

one second duration max 

c, Input Capacitance TA= 25°C, F = lMHz 15 15 

Co Output Capacitance TA = 25°C, f = lMHz 15 15 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

1MPY Multiply Time Vee = MIN 50 55 

to Output Delay Vee = MIN, Test load: VLOAO = 2.2V 35 45 

1ENA Three-State Output Enable Delay Vee = MIN, Test load: VLOAO = 1.BV 30 45 

'ms Three-State Output Enable Delay Vee = MIN, Test load: VLOAD = 2.6V 30 45 

'mSO· O.OV for tms11 

Notes: 
1. All transitions are measured at a 1.5V level except for trns and tENA• which are shown 1n Figure 9. 

2. to1s1 denotes the transition from logical 1 to three-state. 
trnso denotes the transition from logical 0 to three-state. 

TRW LSI Products Inc. 

Units 

mA 

mA 

mA 
mA 

µA 

µA 

µA 

mA 

v 
v 
µA 

µA 

mA 

pF 

pf 

Units 

ns 

ns 

ns 

ns 
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Application Notes 

Mixed-Mode Multiplication 

There are several applications in which it may be 
advantageous to perform mixed-mode multiplication. 
Video data are often generated as unsigned magnitude 
numbers (e.g., data from an analog-to-digital converter). 
These numbers are effectively all positive values. In 
contrast, filter coefficients must often be negative As a 
result, either the video data must be converted to two's 
complement notation (which requires an additional bit), 
or the multiplier must be capable of mixed-mode 
operation. The MPY112K can only provide this capability 
by making the MSB of the unsigned magnitude number 
a zero, thus reducing its precision to eleven bits. No 
additional circuitry is required. 

Multiplication By A Constant 

Multiplication by a constant requires that the constant 
be loaded into the desired input register, and that the 
register not be loaded again until a new constant is 
desired. The multiply cycle then consists of loading new 
data and strobing the output register. Due to the sharing 
of the CLK M pin by the Y input register and the output 
register, all constants should be kept in the X register. 

Selection Of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. 
For example, the M PY112K does not differentiate 
between this operation: 

6x2=12 

Ordering Information 

Product Temperature Range 
Number 

MPY112KJ4C STD-TA=0°C to 70°C 
MPY112KJ4A EXT-Tc= -55°C to 125°C 

and this operation: 

(6/8) x (2/8) = 12/64. 

The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often share the same line), the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value. These formats are illustrated in detail in 
Figures 1 through 4. 

Exceptional Case 

The most negative number which can be represented in 
two's complement notation is greater in magnitude than 
the largest representable positive number by one LSB. 
This is only a problem when the full-scale negative 
number is squared. If fractional notation is used, this 
means that (-1) x (-1) with the MPY112K will yield the 
(incorrect) result 1-1). In the full-precision series of 
multipliers the correct result can be obtained by the use 
of the RS control, which was not included on the 
MPY112K due to pin count limitations. 

Screening Package Package 
Marking 

Commercial 48 Pin Ceramic DIP 112KJ4C 
High Reliability 48 Pin Ceramic DIP 112KJ4A 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 
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Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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TMC2009 

CMOS Multiplier-Accumulator 
12 x 12 Bit, 135ns 

The TMC2009 is a high-speed 12 x 12 bit parallel 
multiplier-accumulator which operates at a 135ns cycle 
time {7.4~11~Hz mu!t~p!y~accumu!ate rate). The input data 
may be specified as two's complement or unsigned 
magnitude, yielding a full-precision 24-bit product. 
Products may be accumulated to a 27-bit result. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The result is divided into a 3-bit 
eXTended Product (XTP), a 12-bit Most Significant 
Product (MSP), and a 12-bit Least Significant Product 
(LSP). Individual three-state output ports are provided for 
the XTP, the MSP, and the LSP. The output register can 
be preloaded directly via the output ports. 

Built with TRW's 2-micron CMOS process, the TMC2009 
is pin and function compatible with the industry standard 
TDC1009 and operates with the same speed at one-fifth 
or less power dissipation. 

Functional Block Diagram 

XIN 

0<11-ol ~-----

YIN 
IY11-ol ....____,. _ _.,, 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 
• Low Power Consumption CMOS Process 
• Pin And Function Compatible With TRW TDC1009 
• 135ns Multiply-Accumulate Time (Worst Case) 
e 1? y 1? Rit P::ir::illol l\/liiltinlir~tinn \f\/ith /\rrt1tY11il-:::itinn 

•"-" ,._ ._.,~ • ...,,,._. .. ....,, '"''-''~'t""'-''-'l''-'" U1t1l11 I \W\Jl .. <lllUIUllUll 

To 27-Bit Result 
• Selectable Accumulation, Subtraction, Rounding, And 

Preloading 
• All Inputs And Outputs Are Registered TTL Compatible 
• Three-State Output 
• Two's Complement Or Unsigned Magnitude Operation 
• Single + 5V Power Supply 
• Available In 64 Pin Hermetic Ceramic DIP 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

PREL 

CLK P 

Phone 1619) 457-1000 
FAX: 1619) 455-6314 

TSX 

xrPour 
(P2&-2~ 

""""-~ LSPour 
(P11-ol 

TSL 
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TMC2009 

Functional Block Diagram 

X1N 
IX11-ol '---+---v 

YIN 
(Y11-ol ~......,,___,, 

Pin Assignments 

40 

~ 
X3 
Xz 
x, 
Xo 

ACC 
SUB 
AND 
TSL 

Po 10 
P1 11 
Pz 12 
P3 13 
P4 14 
P5 15 

GND 16 
Pe 17 
"7 1a 
Pa 19 
P9 20 

P10 21 
P11 22 

CLK P 23 
PREL 24 
TSM 25 

P12 26 
P13 27 
P14 28 
P15 29 
P15 30 
P17 31 
P1a 32 

64 X5 
63 Xe 
62 X7 
61 Xa 
60 X9 
59 X10 
58 X11 

PREL 

CLK P 

57 CLK X 
56 CLK Y 
55 Yo 
54 Y1 
53 Yz 
52 Y3 
51 Y4 
50 Y5 
49 Yoo 
48 Y5 
47 Y7 
46 Ya 
45 Yg 
44 Y10 
43 Y11 
42 TC 
41 TSX 
40 P25 
39 Pz5 
38 Pz4 
37 Pz3 
36 P22 
35 Pz1 
34 Pzo 
33 P19 

64 Lead DIP - J3 Package 

TSX 

TSL 

TRW LSI Products Inc. 
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TMC2009 

Functional Description 

General Information 

The TMC2009 consists of four functional sections: Input 
registers, an asynchronous multiplier array, an adder, and 
output registers. The input registers store the two 12-bit 
operands which are to be multiplied, and the control lines 
which control the input numerical format !two's complement or 
unsigned magnitude), uutµut ruunding, accumulation, and 
subtraction. The round control is used when a single-word 
output is desired. Each number is independently stored, 
simplifying multiplication by a constant. The output registers 
can be preloaded with a constant to provide the sum of 

Power 

The TMC2009 operates from a single +5 Volt supply. All 
power and ground lines must be connected. 

Name Function 

products plus a constant. The asynchronous multiplier array is 
a network of AND gates and adders, which has been designed 
to handle two's complement or unsigned magnitude numbers. 
The output registers hold the product as two 12-bit words 
and one 3-bit word: the Most Significant Product IMSPI, the 
Least Significant Product I LS Pi, and the eXT e11ded Pr uducl 
IXTPI. Three-state output drivers permit the TMC2009 to be 
used on a bus, or allow the outputs to be multiplexed over 
the same 12-bit output lines. 

Value J3 Package 

vDD Positive Supply Voltage +5.0V Pin 49 
GND Ground 

Data Inputs 

The TMC2009 has two 12-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBsl, X 11 and Y n. carry the sign information for the 
two's complement notation. The remaining bits are denoted 
X10 through Xo and Y10 through Yo !with Xo and Yo the 
Least Significant Bits!. Data present at the X and Y inputs are 

Name Function 

x,, X Data MSB 

X10 
Xg 

Xe 

X7 

X5 

X5 

X4 

X3 

X2 

X1 

Xo X Data LSB 

TRW LSI Products Inc. 

o.ov Pin 16 

clocked into the input registers at the rising edge of the 
appropriate clock. The input and output formats for fractional ..... 
two's complement notation, fractional unsigned magnitude .... 
notation, integer two's complement notation, and integer 
unsigned magnitude notation are shown in Figures 1 through 4, 
respectively. 

Value J3 Package 

TTL Pin 58 

TTL Pin 59 

TTL Pin 60 

TTL Pin 61 

TTL Pin 62 

TTL Pin 63 

TTL Pin 64 

TTL Pin 1 

TTL Pin 2 

TTL Pin 3 

TTL Pin 4 

TTL Pin 5 
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TMC2009 

Data Inputs (Cont.) 

Name Function 

Y11 Y Data MSB 

Y10 
Yg 

Y9 

Y7 

Y5 

Y5 

Y4 

Y3 

Y2 

Y1 

Yo Y Data LSB 

Data Outputs 

The TMC2009 has a 27 -bit two's complement or unsigned 
magnitude result that is the sum of the products of the two 
input data values and the previous products which have been 
accumulated. This output is divided into two 12-bit output 
words, the Most Significant Product IMSPI and Least 
Significant Product ILSPI, and one 3-bit output word, the 

Name Function 

P25 Product MSB 

P25 

P24 

P23 

P22 

P21 

P20 
P19 

P19 
P17 

P15 

P15 

P14 

P13 

P1z 

42 

Value J3 Package 

TTL Pin 43 

TTL Pin 44 

TTL Pin 45 

TTL Pin 46 

TTL Pin 47 

TTL Pin 48 

TTL Pin 50 

TTL Pin 51 

TTL Pin 52 

TTL Pin 53 

TTL Pin 54 

TTL Pin 55 

eXTended Product IXTPI. The Most Significant Bit IMSBI of the 
XTP is the sign bit if two's complement notation is used. The 
input and output formats for fractional two's complement 
notation, fractional unsigned magnitude notation, integer two's 
complement notation, and integer unsigned magnitude notation 
are shown in Figures 1 through 4, respectively. 

Value J3 Package 

TTL Pin 40 

TTL Pin 39 

TTL Pin 38 

TTL Pin 37 
TTL Pin 36 

TTL Pin 35 

TTL Pin 34 

TTL Pin 33 

TTL Pin 32 

TTL Pin 31 

TTL Pin 30 

TTL Pin 29 

TTL Pin 28 

TTL Pin 27 

TTL Pin 26 

TRW LSI Products Inc. 
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Data Outputs (Cont.) 

Name Function 

P11 

P10 
Pg 

Ps 

P7 

Ps 

P5 

P4 

P3 

P2 

P1 

Po Product LSB 

Clocks 

The TMC2009 has three clock lines, one for each of the input 
registers and one for the product register. Data present at the 
inputs of these registers are loaded into the registers at the 
rising edge of the appropriate clock. The RouNO IRNDI, Two's 
Complement ITC), ACCumulate IACCJ and SUBtract (SUBJ inputs 

Name Function 

CLK X Clock Input Data X 

CLK Y Clock Input Data Y 

CLK P Clock Product Register 

Controls 

The TMC2009 has eight control lines. TSX, TSM, and TSL are 
three-state enable lines for the XTP, the MSP, and the LSP, 
respectively. The output driver is in the high-impedance state 
when TSX, TSM, or TSL is HIGH, and enabled when the 
appropriate control is LOW. 

PRELoad !PRELI is an active-HIGH control which has several 
effects when active (see Table 11. First, all output buffers are 
forced into the high-impedance state. Second, when any or all 
of TSX, TSM, and TSL are also HIGH, external data present at 
the output pins will be preloaded into the corresponding 
section of the output register on the rising edge of CLK P. 
Normal data setup and hold times apply both to the logical 
AND of PREL and the relevant three-state control ITSX, TSM, 
TSU, and to the data being preloaded. These setup and hold 
times are with respect to the rising edge of CLK P. 

RouNO IRNDI controls the addition of a 1 to the MSB of the 
LSP for rounding. When RNO is high, a 1 is added to the 
MSB of the LSP for rounding the product in the MSP and 
XTP (if appropriate) rather than truncating them. 

TRW LSI Products Inc. 

Value JJ Package 

TTL Pin 22 

TTL Pin 21 

TTL Pin 20 

TTL Pin 19 

TTL Pin 18 

TTL Pin 17 

TTL Pin 15 

TTL Pin 14 

TTL Pin 13 

TTL Pin 12 

TTL Pin 11 

TTL Pin 10 

are registered, with all four bits clocked in at the rising edge 
of the logical DR of both CLK X and CLK Y. Special attention 
to the clock signals is required if normally HIGH clock signals 
are used. Problems with the loading of these four control 
signals can be avoided by the use of normally LOW clocks. 

Value JJ Package 

TTL Pin 57 

TTL Pin 56 

TTL Pin 23 

Two's Complement ITC) controls how the device interprets data 
on the X and Y inputs. TC HIGH makes both inputs two's 
complement inputs, while TC LOW makes both inputs unsigned 
magnitude only inputs. 

When ACCumulate IACCI is HIGH, the content of the output 
register is added to or subtracted from the next product 
generated, and the result is stored back into the output 
registers at the next rising edge of CLK P. When ACC is LOW, 
multiplication without accumulation is performed, and the next 
product generated is stored into the output registers directly. 
This operation is used for the first term in a summation to 
eliminate the need for a separate "clear" operation. 

The SUBtract (SUBJ control is used in conjunction with the 
ACC control. When both the ACC and SUB controls are HIGH, 
the content of the output register is subtracted from the next 
product generated and the difference is stored back into the 
output register. Note that the previous output is subtracted 
from the product, not the product from the previous output. 
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Controls (Cont.) 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits clocked in at the rising edge of the logical DR of 
both CLK X and CLK Y. Special attention to the clock signals 

is required if normally HIGH clock signals are used. Problems 
with the loading of these four control signals can be avoided 
by the use of normally LOW clocks. 

Name Function Value J3 Package 

TSX XTP Three-State Control TTL Pin 41 

TSM MSP Three-State Control TTL Pin 25 

TSL LSP Three-State Control TTL Pin 9 
PREL Preload Control TTL Pin 2 

RND Round Control Bit TTL Pin 8 

TC Two's Complement Control TTL Pin 42 

ACC Accumulate Control TTL Pin 6 

SUB Subtract Control TTL Pin 7 

Preload Truth Table 1 

PREL1 TSX1 TSM1 TSL1 lCTP MSP LSP 

l l l l Register --> Output pin Register --> Output pin Register --> Output pin 

l l l H Register --> Output pin Register --> Output pin Hi-Z 

l l H l Register --> Output pin Hi-Z Register --> Output pin 

l l H H Register --> Output pin Hi-Z Hi-Z 

l H l l Hi-Z Register --> Output pin Register __. Output pin 

l H l H Hi-Z Register --> Output pin Hi-Z 

l H H l Hi-Z Hi-Z Register __. Output pin 

l H H H Hi-Z Hi-Z Hi-Z 

H2 l l l Hi-Z Hi-Z Hi-Z 

H2 l l H Hi-Z Hi-Z Hi-Z Preload 

H2 l H l Hi-Z Hi-Z Preload Hi-Z 

H2 l H H Hi-Z Hi-Z Preload Hi-Z Preload 

H2 H l l Hi -Z Preload Hi-Z Hi-Z 

H2 H l H Hi-Z Preload Hi-Z Hi-Z Preload 

H2 H H l Hi-Z Preload Hi-Z Preload Hi-Z 

H2 H H H Hi-Z Preload Hi-Z Preload Hi-Z Preload 

Notes: 
1. PREL, TSX, TSM, and TSL are not registered. 

2. PREL H1 inhibits any change of output register for those outputs in which the three-state control is LOW. 
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Figure 1. Fractional Two's Complement Notation 

BINARY POINT 

Xe X7 Xe X5 .. X3 X2 •1 "o SIGNAL 

z·3 z4 2·5 z·6 ,.1 2~ 2·9 2·1D tll DIGIT VALUE 

Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

z·3 z4 ,.s z·6 ,.1 2·e 2-9 2.10 2-11 DIGIT VALUE 

~~~~~~~~~~~~~~~~~"6"617"6"6~~~~"6~~ 

2-& 2-7 2-e 2-e 2-10 t11 t12 2-n z-14 2-15 2-1& 2.11 t18 t19 2.20 2.21 z·22 DIGIT VALUE 

XTP MSP LSP 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

X11 X10 X9 Xe X7 Xe X5 .. X3 X2 X1 xD SIGNAL 

2·1 z·2 r3 24 2·5 2·& 2·7 2·8 2-9 2-1D 2-11 2-12 DIGIT VALUE 

Y11 Y10 Y9 Y9 Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

2-1 2·2 2-3 t4 rs 2-6 2-7 z-B 2-9 2-10 2-11 2-12 DIGIT VALUE 

P25 P25 ~4 P23 Pzz ~1 P20 P19 P1e P17 P15 P15 P14 P13 P12 P11 Pio Pg Pa Pi P5 Pi; P4 P3 Pz P1 Po SIGNAL 

12 11 z0 2-1 2-z 1-3 14 2-s 2-6 2-7 2-e 1-e 1.10 1-11 2 11 2-13 2 14 1 1s z·16 2-11 2-1s 2-19 r20 1-21 2.21 2-23 2.24 DIGIT VALUE 

XTP MSP LSP 

Figure 3. Integer Two's Complement Notation 
BINARY PmNT 

•11 •10 X9 Xe X7 Xi; X5 X4 X3 •2 •1 

~11~ z!I z8 ~ z6 z6 z6 - - ~ 

Y11Y10 ~ ~ ~ ~ Y5 ~ ~ ~ Yt 

~11 ~ z!I z8 ~ z6 z6 z6 - - ~ 

p26 Pz5 Pz4 Pz3 P22 ~1 Pzo P19 Pte P17 P15 P15 P14 P13 P12 P11 P10 Pg Pi; Pi Pi; P5 P4 P3 P2 P1 

-~~~~~~~~~~~~~~~~ z!I z8 27 z6 z6 z6 23 21 21 

XTP MSP LSP 

Figure 4. Integer Unsigned Magnitude Notation 

Po 

zO 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

BINARY POINT 

•11 •10 Xg Xe X7 Xi; X5 .. X3 X2 •1 

211 210 29 z8 z7 z6 2s z6 -z2 zl 

Y11 Y10 Yg Ye Y7 Y5 Y5 Y4 Y3 Yz Y1 

211 210 z9 zO ,1 z6 ,s z6 zl z2 zl 

~~~~~~~~~~~~~~~~~"6"617"6"6~~~~ 

~~~~~~~~~~~~~~~~~-z8~z8z6z6--~ 
XTP MSP LSP 

TRW LSI Products Inc. 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

.. 
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Absolute maximum ratings (beyond which the device will be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to 1v00 +0.5Vl 

Output 

Temperature 

Notes 

Applied voltage .............................................................................................................................................................................................. -0.5 to iv00 +0.5Vl2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short-circuit duration !single output in high state to ground) .......................................................................................................................................... 1 sec 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Absolute maximum ratings are limiting values applied 1ndiv1dually while all other parameters are within spec1f1ed operating conditions 
Functional operation under any of these conditions is NOT implied 

Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpwL Clock Pulse Width, LOW 25 35 ns 

tpwH Clock Pulse Width, HIGH 25 35 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 3 3 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

1oH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 + 125 oc 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

loon Supply Current, Quiescent Voo - MAX, V1N - UV 5 10 

TSL, TSM, TSX = 5.0V 

1oou Supply Current, Unloaded 1 Voo - MAX, F - 7.4MHz 60 60 

TSL, TSM, TSX = 5.0V -
looL Supply Current, Loaded 1, 2 Voo - MAX, F - 7.4MHz 150 170 

TSL, TSM, TSX - UV 

Test Load: VLOAD = Voo MAX 

Ill Input Current, Logic LOW Voo - MAX, V1 - o.ov -10 + 10 -10 + 10 

11H Input Current, Logic HIGH Voo = MAX, Vi - Voo -10 +10 -10 +10 

Vol Output Voltage, Logic LOW Voo = MIN, loL = MAX 0.4 0.4 

VoH Output Voltage, Logic HIGH Voo = MIN, loH = MAX 2.4 2.4 

1ozL Hi-Z Output Leakage Current, Output LOW Voo - MAX, V1 - o.ov -40 +40 -40 +40 

loZH Hi-Z Output Leakage Current, Output HIGH Voo = MAX, Vi = Voo -40 +40 -40 +40 

1os Short- Circu~ Output Current Voo = MAX, Output HIGH, one pin to ground, -100 -100 

one second duration max 

C1 Input Capacitance TA - 25°C, F - lMHz 15 15 

Co Output Capacitance TA = 25°C, F - !MHz 15 15 

Notes: 
1. Guaranteed to maximum clock rate, tested at 2MHz. 

2. Worst case, all inputs and outputs toggling at maximum rate. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Comfltions Min Max Min Max 

1MA Multiply-Accumulate Time Voo - MIN 135 170 

ta Output Delay Voo - MIN, Test Load: VLOAD = 2.2V 40 45 

1ENA Three-State Output Enable Delay Voo - MIN, Test Load: VLOAD = 1.5V 40 45 

1rns Three-State Output Disable Delay Voo - MIN, Test Load: VLOAD - 2.6V 35 40 

for •rnso· o.ov for •rns1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for trns and tENA• which are shown in figure 9. 

2. to1s1 denotes the transition from logical 1 to three-state. 
to1so denotes the transition from logical 0 to three-state. 

TRW LSI Products Inc. 

Units 

mA 

mA 

mA 

µA 

µA 

v 
v 
µA 

µA 

mA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 
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Figure 5. Timing Diagram 

INPUT .=:>kCONTROL AND DATA IN>K~---
~ 1s-f::::1H::j 

INPUT t:tPw ::::\ CLOCK -,,_, ---

1MA --J ....----.. 
OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

1ENA--I 

HIGH IMPEDANCE 

Figure 6. Equivalent Input Circuit 

n SUBSTRATE 

Figure 8. Test Load 

n+ 

02 

p WELL 

.,.. GND 

} 

TD 5000 

OUTPUT PIN~ VLOAD 

J40pF 
GND 
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I ts I 
I.. ·I· 
I 

PRELOAD IN DATA 

1H ---l --J I-- 'ENA 

I I I i----- DATA OUT 

Figure 7. Equivalent Output Circuit 

Yoo 

n SUBSTRATE 

01 

p+ 

9----4.,_-0 OUTPUT 

n+ 

02 

p WELL 

Figure 9. Transition Levels For Three-State Measurements 

TSM, TSX, 
TSL 

THREE-STATE 
OUTPUTS 

1DIS 0.5V 

HIGH IMPEDANCE 

0.5V 
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Application Notes 

Multiplication By A Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register, and the register 
not be loaded again until a new constant is required. 
The multiply cycle then consists of loading new data into 
the remaining input register and strobing the output 
register 

Selection of Numeric Format 

Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual. 
For example, the TMC2009 does not differentiate 
between this operation: 

6x2=12 
and this operation 

(6/8) x (2/8) = 12/64 

Ordering Information 

The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to any given line (and input and output signals 
often shdre U1e sa1r1e tine), the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value. These formats are illustrated in detail in 
Figures 1 through 4. 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2009J3C STD-TA= 0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 2009J3C 

TMC2009J3V EXT-Tc= -55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 2009J3V 

TMC2009C1V EXT-Tc= -55°C to 125°C MI L-STD-883 64 Contact Hermetic Ceramic Chip Carrier 2009C1V 

All contained in this spec1f1cat1on are guaranteed by design. charactemation. sample testing or 100% testing as appropriate. TRW reserves the right 
to products and spee1f1cat1ons without notice. This information does not convey any license under patent 11ghts of TRW Inc. or others 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
can reasonably be to result in personal in1ury The user of TRW LSI Products Inc. components in life support applications assumes all risk of 

use and 1ndemnif1es TRW Products Inc aga111st all damages. 
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TMC208K, TMC28KU 

CMOS Multiplier 
8 x 8 Bit, 45ns, 65ns 

The TMC208K and TMC28KU are high-speed 8 x 8 bit 
parallel multipliers which operate at a 45 or 65ns cycle 
time (22.2 or i C.3rv~Hz mu:tip:icatiori rate). The multi­
plicand and multiplier are both two's complement 
numbers in the TMC208K and unsigned magnitude 
numbers in the TMC28KU. yielding a full precision 16-bit 
product. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are constructed using positive­
edge-triggered D-type flip-flops. Built with TRW's 
OMICRON-C™ CMOS process, the TMC208K and 
TMC28KU are pin and function compatible with the 
MPYOOBH and MPYOBHU yet operate with greater 
speeds at much less power dissipation. 

Features 
• 45 or 65ns Multiply Time 
• 8 x 8 Bit Parallel Multiplication With 16-Bit Product 

Output 

Pin Assignments P10 1 
Pg 2 
Pe 3 

CLK P 4 
TRIM 5 
TRIL 6 

Pi 7 
P& 8 
P5 9 
P4 10 
P3 11 
P2 12 
P1 13 

ILSBI Po 14 
ILSBI Xu 15 

X1 16 
X2 17 
X3 18 
X4 19 
X5 20 

• Three-State Outputs 
• Single + 5V Power Supply 
• TTL Compatible 
• Available In A 40 Pin CERDIP Or Plastic DIP 

TMC208K 
• Pin Compatible With MPYOOBH 
• Two's Complement Multiplication 

TMC28KU 

• Pin Compatible With MPYOBHU 
• Unsigned Magnitude Multiplication 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

40 P11 
39 P12 
38 P13 
'II P14 
36 P15 IMSBI 
35 Y7 IMSBI 
34 Y& 
33 Y5 
32 GND 
31 Y4 
30 Vaa 
29 Y3 
28 Y2 
27 Y1 
26 Yo (LSBI 
25 RND 
24 CLK Y 
23 CLK X 
22 X7 IMSBI 
21 X& 

40 Pin CERDIP - B5 Package 
40 Pin Plastic DIP - N5 Package 

TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990 
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TMC208K Functional Block Diagram 

RNO 
RR 

CLK Y 

YIN Ry 

(Y7_g) (8) 

TMC28KU Functional Block Diagram 

CLK X 

RNO 

CLK Y 

52 

8 

8 

Rx 
(8) 

Ry 
(8) 

RL 
(8) 

CLK P 

TRIM 

.......,,........,...._" MSPouT 
~-1--,/ IP15_9) 

TRIL 

TRIM 

LSPouT 
IP7_g) 

MSPouT 
(P15_9) 

CLK P TRIL 
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Functional Description 

General Information 

The TMC208K and TMC28KU have three functional sections: 
input registers, an asynchronous multiplier array and output 
registers. The input registers store the two 8-bit numbers 
which are to be multiplied and the instruction which controls 
output rounding. The rounding control is used when a 
single -word output is desired. Each input operand is stored 
independently, simplifying multiplication by a constant. The 

Signal Definitions 

Power 

VDD· GND 

Data Inputs 

x1-o.Y1-o 

Data Outputs 

P15-0 

The TMC208K and TMC28KU operate from a 
single +5 Volt supply. All power and ground 
lines must be connected. 

The TMC208K has two 8-bit two's complement 
data inputs labeled X and Y. The TMC28KU has 
two 8-bit unsigned magnitude data inputs 
labeled X and Y. The Most Significant Bits 
IMSBsl, X7 and Y7, carry the sign information 
for the two's complement notation in the 
TMC208K. The remaining bits are XB-0 and 
YB-0 with Xo and Yo the LSBs. The input and 
output formats for fractional and integer two's 
complement, and fractional and integer unsigned 
magnitude notations are shown in Figures 1 
through 4. 

The TMC208K has a 16-bit two's complement 
output which is the product of the two input X 
and Y values. The TMC28KU has a 16-bit 
unsigned magnitude output which is the product 
of the two input X and Y values. This output is 
divided into two 8-bit output words, the MSP 
and LSP. The MSB of both the MSP and the 
LSP is the sign bit in the TMC208K. The input 
and output formats for fractional and integer 
two's complement, and fractional and integer 
unsigned magnitude notations are shown in 
Figures 1 through 4. Note that since + 1 cannot 
be exactly represented in fractional two's 
complement notation, some provision for 

TRW LSI Products Inc. 

asynchronous multiplier array is a network of AND gates and 
adders designed to handle two's complement numbers in the 
TMC208K or unsigned magnitude numbers in the TMC28KU. 
The output registers hold the product as two 8-bit words, the 
Most Significant Product IMSPI and the Least Significant 
Product ILSPI. Three-state output drivers allow the multipliers 
to be used on a bus, or allow the MSP and LSP to be 
multiplexed over the same 8-bit output lines. 

Clocks 

handling the case 1-11 x 1-11 must be made. 
The TMC208K outputs a -1 in this case. As a 
result, external error handling provisions may be 
required. 

CLK X, CLK Y The TMC208K and TMC28KU have three clock 
CLK P lines, one for each input register ICLK X and 

CLK YI and one for the product register ICLK Pl. 
Data present at the inputs of these registers are 
loaded into the. registers on the rising edge of 

Controls 

TRIM, TAIL 

RND 

the appropriate clock. In the TMC208K, the RND .... 
input is registered and clocked in on the rising .... 
edge of the logical DR of both CLK X and CLK 
Y. Special attention to the clock signals is 
required if normally HIGH' clock signals are used. 
Problems with loading this control signal can be 
avoided by the use of normally LOW clocks. In 
the TMC28KU, the RND input is registered and 
clocked in on the rising edge of CLK X. 

TRIM and TRIL are the three-state enable lines 
for the MSP and the LSP. The output driver is 
in the high-impedance state when TRIM or 
TRIL is HIGH, and enabled when LOW. TRIM 
and TRIL are not registered. 

When RNO !Round) is HIGH, a one is added to 
the MSB of the LSP. A one will be added to 
the P5 bit in the 208K or to the P7 bit in the 
28KU. Note that rounding always occurs in the 
positive direction. In some applications this ~ay 
introduce a systematic bias. The RNO input 1s 
registered and used when a rounded 8-bit 
product is desired. 
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Package Interconnections 

Signal Signal 
Type Name Function 85, N5 Package 
Power Voo Supply Voltage 30 

GND Ground 32 

Data. Inputs XH X Input Word 22-15 

Y7_0 Y Input Word 35-33, 31, 29-26 

Data Outputs P15_9 MSP Output 36-40, H 

P7_0 LSP Output 7-14 

Clocks CLK X X Register Clock 23 
CLK Y Y Register Clock 24 

CLK P Product Register Clock 4 

Controls TRIM MSP Three-State 5 
TRIL LSP Three-State 6 
RND Round 25 

Figure 1. Fractional Two's Complement Notation (TMC208K) 

BINARY POINT 

X7 X5 X5 X4 X3 X2 X1 Xo SIGNAL 

-~ 2·1 2·2 2"3 r 2"5 2·6 2·7 DIGIT VALUE 

Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

-~ 2·1 2·2 2·3 r 2·5 2"6 2"7 DIGIT VALUE 

P15 P14 P13 P12 P11 P10 Pg Pe P] Pe P5 P4 P3 P2 P1 Po SIGNAL 

.20 2·1 2·2 2·3 2·4 2·5 2-li 2·7 -~ 2"e 2·9 2·10 2"11 2·12 2·13 2·14 DIGIT VALUE 

MSP LSP 

Figure 2. Integer Two's Complement Notation (TMC208K) 

BINARY POINT 

X7 X5 X5 Xe X3 X2 X1 Xo SIGNAL 

.27 iii 25 2' 23 22 21 20 DIGIT VALUE 

Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

.27 iii iii 2' ~ ~ 21 20 DIGIT VALUE 

P15 P14 P13 P12 P11 P10 Pg Pe P] P5 P5 P4 P3 P2 P1 Po SIGNAL 

.214 213 212 211 210 29 28 27 .214 iii 25 2' ~ 22 21 20 DIGIT VALUE 

MSP LSP 
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Figure 3. Fractional Unsigned Magnitude Notation (TMC28KUI 

BINARY POINT 

X7 X5 X5 X4 X3 X2 X1 Xo SIGNAL 

2-1 2-2 2-3 2-4 2·5 2-6 2·7 2-e DIGITAL VALUE 

Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 
x 

2-1 2-2 2-3 2-4 2-5 2·6 2-1 2-e DIGIT VALUE 

P15 P14 P13 P12 P11 P10 Pg Pe Pi Pe P5 P4 P3 P2 P1 Po SIGNAL 

2·1 2·2 2·3 2-4 2-5 z-6 2-7 2-e 2-9 2-10 2-11 2-12 2-13 z-14 2-15 z-16 DIGIT VALUE 

MSP 

Figure 4. Integer Unsigned Magnitude Notation (TMC28KUI 

Figure 5. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

x 

P15 P14 P13 P12 P11 P10 Pg Pe 

215 214 213 212 211 210 z9 2e 

MSP 

F•ms 

X7 

21 

Y7 

27 

Pi 
27 

LSP 

X5 X5 X4 X3 

26 25 z4 23 

Y5 Y5 Y4 Y3 

26 25 z4 z3 

P5 P5 P4 P3 

z6 25 24 23 

LSP 

HIGH IMPEDANCE 
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BINARY POINT 

X2 X1 Xo SIGNAL 

22 21 20 DIGIT VALUE 

Y2 Y1 Yo SIGNAL 

22 21 20 DIGIT VALUE 

P2 P1 Po SIGNAL 

22 21 20 DIGIT VALUE 

l.~. 

.. 

'PWH 

OUTPUT 
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Figure 6. Equivalent Input Circuit 
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n+ 
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Figure 8. Threshold Levels For Three-State Measurements 

THREE-STATE 
OUTPUTS 

Application Discussion 

1DIS 0.5V 

0.5V 

Multiplication By A Constant 

HIGH IMPEDANCE 

Multiplication by a constant requires that the constant be 
loaded into the desired input register and that the register not 
be loaded again until a new constant is desired. The multiply 

Selection Of Numeric Format 

Essentially, the difference between integer, mixed and fractional 
notation in system design is only conceptual. For example, the 
TMC208K and TMC28KU do not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

16/81 x 12/81 = 12/64 

The difference lies in constant scale factors lin this case, a 
factor of 8 in the multiplier and multiplicand and a factor of 
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Figure 7. Equivalent Output Circuit 

Voo 

n SUBSTRATE 

01 

p+ 

9---+~ OUTPUT 

2.0V 
o.ev 

.,.. GND 

n+ 

02 

p WELL 

cycle then consists of loading new data and strobing the 
output register. 

64 in the product!. However, these scale factors do have 
implications for hardware design. Because common design 
practice assigns a fixed value to any given line land input and 
output signals often share the same linel, the scale factors 
determine the connection of the output pins of any multiplier 
in a system. As a result, only two choices are normally made: 
integer or fractional notation. If integer notation is used, the 
LSBs of the multiplier, multiplicand and product all have the 
same value. If fractional notation is used, the MSBs of the 
multiplier, multiplicand and product all have the same value. 
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DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

looa Supply Current, Quiescent v00 = Max, v1N = ov 5 5 mA 

1oou Supply Current, Unloaded Voo = Max, TRIM, TRIL = 5V, f = 10MHz 50 50 mA 

Voo = Max, TRIM, TRIL = 5V, f = 22MHz 100 100 mA 

:IL Input Current, Logic LOW Voo = Max, VIN = ov -10 - 10 µA 
l1H Input Current, Logic HIGH Voo = Max, V1N = Voo 10 10 µA 

Vol Output Voltage, Logic LOW Voo - Min, lot = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 = Min, loH = Max 2.4 2.4 v 

lozt Hi-Z Output Leakage Current, Output LOW Voo = Max, v1N - ov -40 -40 µA 

lozH Hi-Z Output Leakage Current, Output HIGH Voo = Max, V1N - Voo 40 40 µA 

las Short-Circuit Output Current Voo = Max, Output HIGH, one pin to 

ground, -100 -100 mA 

one second duration max. 

C1 Input Capacitance TA = 25°C, f = lMHz 10 10 pF 

Co Output Capacitance TA = 25°C, f = lMHz 10 10 pF 

Note: 
1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

AC characteristics within specified operating conditions 

Temperature Range 
Standard Extended .. 

Parameter Test Conditions Min Max Min Max Units 

tMPY Multiply Time v00 = Min 

TMC208K, TMC28KU 65 70 ns 

TMC208K-1, TMC28KU-1 45 50 ns 

tPWL Clock Pulse Width, LOW v00 - Min 15 15 ns 

tPWH Clock Pulse Width, HIGH v00 - Min 15 15 ns 

's Input Setup Time TMC208K, TMC28KU 25 30 ns 

TMC208K-1, TMC28KU-1 20 25 ns 

~ Input Hold Time 0 0 ns 

ta Output Delay Voo - Min, CtoAD - 40pF 
TMC208K, TMC28KU 40 45 ns 

TMC208K-1, TMC28KU-1 25 30 ns 

1ENA Three-State Output Enable Delay 1 Voo - Min, CtOAD - 40pF 
TMC208K, TMC28KU 40 45 ns 

TMC208K-1, TMC28KU-1 20 25 ns 

1ms Three-State Output Disable Delay 1 Voo - Min, CtoAD - 40pF 
TMC208K TMC28KU 40 45 ns 

TMC208K-1, TMC28KU-1 20 25 ns 

Note: 1. All transitions are measured at a 1.5V level except for trns and 'ENA 
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TMC208K, TMC28KU 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input Voltage .............................................................................................................................................................................................................................. -0.5 to 1v00 + 0.5)V 

Output 

Applied voltage2 .......................................... , ................................................................................................................................................. -0.5 to 1v00 + 0.5)V 

Forced current3,4 ........................................................................................... , ............................................................................................................ -1.0 to 6.0mA 

Short-circuit duration !single output in HIGH State to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case ................................................................................................................................... , ......................... : ............................................ -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ............................................................................................................................... , ................. :...................................................................... -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 
,, 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL Input Vohage, Logic LOW 0.8 0.8 v 
V1H Input Vohage, logic HIGH 2.0 2.0 v 

lot Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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TMC208K, TMC28KU 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC208KB5C STD-TA=0°C to 10°c Commercial 40 Pin CERDIP 208KB5C 
TMC208KB5C1 STD-TA=0°C to 70°C Commercial 40 Pin CERDIP 208KB5C1 

TMC208KB5V EXT-Tc= -55°C to 125°C MIL-STD-883 40 Pin CERDIP 208KB5V 

TMC208KB5V1 EXT-Tc= -55°C to 125°C MIL-STD-883 40 Pin CERDIP 208KB5Vl 

TMC208KN5C STD-TA=0°C to 70°C Commercial 40 Pin Plastic DIP 208KN5C 
TMC208KN5Cl STD-TA=0°C to 70°C Commercial 40 Pin Plastic DIP 208KN5C1 

TMC28KUB5C STD-TA=0°C to 10°c Commercial 40 Pin CERDIP 28KUB5C 
TMC28KUB5C1 STD-TA=0°C to 10°c Commercial 40 Pin CERDI P 28KUB5C1 

TMC28KUB5V EXT-Tc= -55°C to 125°C MIL-STD-833 40 Pin CERDI P 28KUB5V 
TMC28KUB5Vl EXT-Tc= -55°C to 125°C MIL-STD-883 40 Pin CERDI P 28KUB5Vl 

TMC28KUN5C STD-TA= 0°C to 10°c Commercial 40 Pin Plastic DIP 28KUN5C 
TMC28KUN5Cl STD-TA= 0°C to 10°c Commercial 40 Pin Plastic DIP 28KUN5Cl 

All parameters m this specif1cat1on are guaranteed by design, characterization. sample testing or 100% testing, as appropriate TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use 1n life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal m1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemn1f1es TRW LSI Products Inc against all damages. 
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TMC216H 

CMOS Multiplier 
16x16 Bit, 145ns 

The TRW TMC216H is a high-speed 16x16 bit parallel 
multiplier which operates at a 145ns cycle time l6.9MHz 
mu!tip!ication rate). The multiplicand and the mu:tip:ier 
may be independently specified as two's complement or 
unsigned magnitude, yielding a full precision 32-bit 
product. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The Least Significant Product ILSP) 
shares a bidirectional port with the Y input. All outputs 
are three-state. 

Built with TRW's state of the art 2-micron CMOS 
process, the TMC216H is pin and function compatible 
with the industry standard MPY016H and operates with 
the same speed at approximately one-fifth the power 
dissipation. 

Functional Block Diagram 

Y1N/LSPouT 
!Y 15.o/P15.ol 

TCY 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

II~·· 
Features 
• Fully TTL Compatible 
• 145ns Multiply Time !Worst Case) 
• Low Power CMOS Technology 
• Sing!e + 5V PcvJci Supp!v 
• Pin And Function Compatible With TRW MPY016H 
• Output Registers Can Be Made Transparent 
• Three-State Outputs 
• Two's Complement, Unsigned Magnitude, Or Mixed 

Mode Multiplication 
• Available In 64 Pin Hermetic Ceramic DIP 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

FORMAT 
ADJUST 

RS 

CLK M 

FT CLK L 

TRIM 

TRIL 
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TMC216H 

Functional Block Diagram 

Y1N/LSPouT ,, _______ ,...., 

IY 15.oiP15.ol 

TCY 

Pin Assignments 

62 

X4 1 
X3 2 
X2 3 
X1 4 
Xu 5 

TAIL 6 
CLK L 7 
CLK Y 8 
Pu.Yo 9 
P1.Y1 10 
P2.Y2 11 
P3,Y3 12 
P4.Y4 13 
P5,Y5 14 
P5,Y5 15 
P7,Y7 16 
P8.Y8 11 
P9,Y9 18 

P10.Y10 19 
P11.Y11 20 
P12.Y12 21 
P13,Y13 22 
P14.Y14 23 
P15.Y15 24 

P15 25 
P17 26 
P1e 27 
P19 28 
P20 29 
P21 JO 
P22 31 
P23 32 

64 Lead DIP - J3 Package 

RS 

64 X5 
63 X5 
62 X7 
61 Xe 
60 X9 
59 X10 
58 X11 
57 X12 
56 X13 
55 X14 
54 X15 
53 CLK X 
52 RND 
51 TCX 
50 TCY 
49 v00 
48 v00 
47 GND 
46 GND 
45 GND 
44 FT 
43 RS 
42 TRIM 
41 CLK M 
40 P31 
39 P30 
38 Pzg 
37 P28 
36 P27 
35 P25 
34 P25 
33 P24 

FT CLK l 

TRW LSI Products Inc. 
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TMC216H 

Functional Description 

General Information 

The TMC216H has three functional sections: Input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 16-bit numbers which are to be 
multiplied and the instruction which controls the output 
rounding. The rounding control is used when a single-word 
output is desired. Each input operand is stored independently. 
simplifying multiplication by a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 

Power 

The TMC216H operates from a single +5 Volt supply. All 
power and ground lines must be connected. Note that the 

Name Function 

designed to handle two's complement or unsigned magnitude 
numbers. The output registers hold the product as two 16-bit 
words, the Most Significant Product IMSPl and the Least 
Significant Product ILSPI. Three-state output drivers allow the 
TMC216H to be used on a bus, or allow the Y input, least and 
most significant outputs to be multiplexed over the same 
16-bit input/output lines. The Least Significant Product ILSPl is 
multiplexed with the Y input. 

device is pin and function compatible with the MPY016H. 

Value JJ Package 

Voo Positive Supply Voltage +5.aV Pins 48, 49 
GND Ground 

Oeta Inputs 

The TMC216H has two 16-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBsl, denoted X15 and Y15. carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through X14 and Yo through Y14 !with Xo and Yo 
the Least Significant Bitsl. The input and output formats for 

Name Function 

X15 X Data MSB 

X14 

X13 

X12 
x,, 
X1a 

X9 

X5 

X7 

X5 

X5 

X4 

X3 

X2 
x, 
Xa X Data LSB 

TRW LSI Products Inc. 

a.av Pins 45, 46, 47 

fractional two's complement, fractional unsigned magnitude, 
fractional mixed mode, integer two's complement, integer 
unsigned magnitude, and integer mixed mode notation are 
shown in Figures 1 through 6, respectively. The Y inputs are ..... 
multiplexed with the LSP outputs, and hence can only be used ._ 
when the TAIL control is in a HIGH state. 

Value J3 Package 

TTL Pin 54 

TTL Pin 55 

TTL Pin 56 

TTL Pin 57 

TTL Pin 58 

TTL Pin 59 

TTL Pin 6a 

TTL Pin 61 

TTL Pin 62 

TTL Pin 63 

TTL Pin 64 

TTL Pin 1 

TTL Pin 2 

TTL Pin 3 

TTL Pin 4 

TTL Pin 5 

63 



TMC216H 

Data Inputs (Cont.I 

Name Function 

Y15 Y Data MSB 

Y14 

Y13 

Y12 

Y11 

Y10 

Y9 

Ya 

Y7 

Y5 

Y5 

Y4 

Y3 

Y2 

Y1 

Yo Y Data LSB 

Data Outputs 

The TMC216H has a 32-bit two's complement or unsigned 
magnitude output which is the product of the two input data 
values. This output is divided into two 16-bit output words, 
the Most Significant Product IMSPI and Least Significant 
Product ILSPI. The Most Significant Bit IMSBI of both the MSP 
and the LSP is the sign bit if fractional two's complement 
notation is used ITCX= TCY=1, RS=OI. The input and output 
formats for fractional two's complement, fractional unsigned 
magnitude, fractional mixed mode, integer two's complement, 
integer unsigned magnitude, and integer mixed mode notation 
are shown in Figures 1 through 6, respectively. 

Name Function 

P31 Product MSB 

P30 

P29 

P2s 

P27 

P25 

P25 

P24 

P23 

P22 

P21 

P20 

P19 

P1s 

P17 

P15 

64 

Value J3 Package 

TTL Pin 24 

TTL Pin 23 

TTL Pin 22 

TTL Pin 21 

TTL Pin 20 

TTL Pin 19 

TTL Pin 18 

TTL Pin 17 

TTL Pin 16 

TTL Pin 15 

TTL Pin 14 

TTL Pin 13 

TTL Pin 12 

TTL Pin 11 

TTL Pin 10 

TTL Pin 9 

The LSP output can be taken from the Y input pins only when 
TRIL is LOW. Care must be taken to enable these shared input 
lines only at the proper time. For an output from the MSP 
lines to be read, the TRIM control must be LOW. 

RS is an output format control. A HIGH on RS deletes the 
sign bit from the LSP and shifts the MSP down one bit. This 
is mandatory for unsigned magnitude, mixed mode, or integer 
two's complement operation. 

Value JJ Package 

TTL Pin 40 

TTL Pin 39 

TTL Pin 38 

TTL Pin 37 

TTL Pin 36 

TTL Pin 35 

TTL Pin 34 

TTL Pin 33 

TTL Pin 32 

TTL Pin 31 

TTL Pin 30 

TTL Pin 29 

TTL Pin 28 

TTL Pin 27 

TTL Pin 26 

TTL Pin 25 

TRW LSI . Products Inc. 



TMC216H 

Data Outputs (Cont.I 

Name Function 

P15 

P14 

P13 

P12 
P11 
Pm 
Pg 

Pe 

P7 

P5 

P5 
P4 
P3 

P2 

P1 

Po Product LSB 

Clocks 

The TMC216H has four clock lines, one for each input register 
and one for each product register. Data and two's complement 
instructions present at the inputs of these registers are loaded 
into the registers at the rising edge of the appropriate clock. 
The AND input is registered and clocked in at the rising edge 

Name Function 

CLK X Clock Input Data X 
CLK Y Clock Input Data Y 

CLK L Clock LSP Register 

CLK M Clock MSP Register 

TRW LSI Products Inc. 

-~·-· .. , .. 
Value JJ Package 

TTL Pin 24 

TTL Pin 23 

TTL Pin 22 

TTL Pin 21 

TTL Pin 20 
TTL Pin 19 

TTL Pin 18 

TTL Pin 17 

TTL Pin 16 

TTL Pin 15 

TTL Pin 14 
TTL Pin 13 

TTL Pin 12 

TTL Pin 11 

TTL Pin 10 

TTL Pin 9 

of the logical DR of both CLK X and CLK Y. Special attention 
to the clock signals is required if normally HIGH clock signals 
are used. Problems with loading this control signal can be 
avoided by the use of normally LOW clocks. 

Value JJ Package 

TTL Pin 53 

TTL Pin 8 

TTL Pin 7 

TTL Pin 41 
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TMC216H 

Controls 

The TMC216H has seven control lines: 

FT Feedthrough. A control line which makes the 
output register transparent if it is HIGH. 

TRIM, TAIL Three-state enable lines for the MSP and the 
LSP. The output driver is in the high-impedance 
state when TRIM or TAIL is HIGH, and enabled 
when the appropriate control is LOW. 

RS Register Shift. RS is an output format control. A 
HIGH level on RS deletes the sign bit from the 
LSP and shifts the MSP down one bit. This is 
mandatory for unsigned magnitude, mixed mode, 
and two's complement integer operations. 

RND Round. When RND is HIGH, a one is added to 
the MSB of the LSP. Note that this bit depends 
on the state of the RS control. If RS is LOW 
when RND is HIGH, a one will be added to the 
2-16 bit IP14I. If RS is HIGH when RND is 
HIGH, a one will be added to the 2-15 bit 

Name Function 
AND Round Control Bit 

TCX, TCY 

IP151. In either case, the LSP output will reflect 
this addition when RND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 

Control how the device interprets data on the X 
and Y inputs. A HIGH on TCX or TCY forces 
the TMC216H to consider the appropriate input 
as a two's complement number, while a LOW 
forces the TMC216H to consider the appropriate 
input as a magnitude only number. 

FT, RS, TRIM, and TAIL are not registered. The TCX input is 
registered, and clocked in at the rising edge of the X clock 
signal, CLK X. The TCY input is also registered, and clocked in 
at the rising edge of the Y clock signal, CLK Y. The RND input 
is registered, and clocked in at the rising edge of the logical 
OR of both CLK X and CLK Y. Special attention to the clock 
signals is required if normally HIGH clock signals are used. 
Problems with loading these control signals can be avoided by 
the use of normally LOW clocks. 

Value J3 Package 

TTL Pin 52 
TCX X Input Two's Complement TTL Pin 51 
TCY Y Input Two's Complement TTL Pin 50 

FT Output Register Feedthrough TTL Pin 44 
RS Output Register Shift TTL Pin 43 

TRIM MSP Three-State Control TTL Pin 42 
TAIL LSP Three-State Control TTL Pin 6 
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TMC216H 1'1~irw 

Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

X15 X14 X13 X12 X11 X10 Xg Xe x, X5 X5 X4 X3 X2 X1 Xo SIGNAL 

.20 2·1 2·2 2·3 24 1·5 2·6 2·' 2·8 1·g 1·10 2·11 2·11 1·13 1·14 2·15 DIGIT VALUE 

Y15 Y14 Y13 Y12 Y11 Y10 Yg Y9 Y7 Y5 Y5 Y4 Y3 Y1 Y1 Yo SIGNAL 

.20 21 2·2 2·3 2·4 2·5 1·6 2·7 2·8 2·g 2·10 2·11 1·12 2·13 214 2·15 DIGIT VALUE 

P31 P30 P1g P10 P27 P25 P25 P24 P23 P21 P11 P20 P19 P10 P17 P15 P15 P14 P13 P11 P11 P10 Pg Pa P7 P5 P5 P4 P3 P2 P1 Po SIGNAL 

.1o 1.1 2.2 2.3 2.4 2·5 1·6 1.1 2.a 1.g 2.10 1.11 2.11 1.13 1.14 2.15 rO 1 16 1.11 r1B 1.19 1.10 1.11 1.11 1.13 1.24 1.25 2.15 2.11 2.20 1.29 1.30 DIGIT VALUE I Rs. al 

MSP LSP 

P31 P30 P2g P10 P27 P25 P25 P14 P23 P21 P11 P20 P1g P10 P17 P15 P15 P14 P13 P11 P11 P10 Pg Pa P7 P5 P5 P4 P3 P1 P1 Pu 

.11 1o 2.1 2.2 23 2·4 r5 26 21 2.a 2.g 2.10 2.11 2.12 1.13 1.14 2.15 2·16 2.11 2 10 2.19 1.20 2.11 2.11 1D 1.14 1.25 1.15 1.11 1.1a 1·19 1·JD DIGIT VALUE I RS. 1 I 
MSP LSP 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

X15 X14 X13 X11 X11 X10 Xg Xe X7 X5 X5 X4 X3 X1 X1 Xu SIGNAL 

1·1 1·1 1·3 1·4 1·5 1·6 1·1 1·8 1·9 1·10 1·11 1·11 1·13 1·14 1·15 1·16 OIGIT VALUE 

Y15 Y14 Y13 Y11 Y11 Y10 Yg Ya Y7 Y5 Y5 Y4 Y3 Y1 Y1 Yo SIGNAL 

1·1 2·1 2·3 24 1·5 1·6 1·7 2·8 1·g 1·10 1·11 1·11 1·13 1·14 2·15 1·16 DIGIT VALUE 

P31 P30 P2g P1a P17 P25 P15 P24 P23 P12 P21 P20 P19 P10 P17 P15 P15 P14 P13 P11 P11 P10 Pg Pa "' P5 P5 P4 P3 P2 P1 Po SIGNAL 

2·1 2·2 1·3 14 2·5 2·6 1·7 2·8 rg 2·10 2·11 2·12 2·13 2·14 t15 2·16 t17 r18 1·1g 2·10 2·11 2·12 2·23 2·14 t25 2·16 2·27 2·28 2·2g 2·30 2·31 2·32 DIGIT VALUE !Rs 0 11 

MSP LSP MANDATORY 

Figure 3. Fractional Mixed Notation 

BINARY POINT 

X15 X14 X13 X11 X11 X10 X9 Xe X7 X5 X5 X4 X3 X1 X1 Xo SIGNAL ITWO'S COMPLEMENT) 

.10 1·1 2·2 1·3 14 1·5 1·6 2·7 1·8 tg 2·10 211 2·11 2·13 2·14 2·15 DIGIT VALUE 

Y15 Y14 Y13 Y12 Y11 Y10 Yg Ya Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL !UNSIGNED MAGNITUDE} 

2·1 2·1 1·3 24 2·5 1·6 2·7 1·8 1·9 1·10 1·11 2·11 1·13 1·14 1·15 1·16 DIGIT VALUE 

P31 P30 P19 p18 P27 P15 P15 P14 P23 P21 P11 P10 P19 P1a P17 P15 P15 P14 P13 P11 P11 P10 Pg Pa P7 P5 P5 P4 P3 P1 P1 Pu SIGNAL 

.20 1·1 1·1 1·3 1·4 1·5 1·6 1·7 1·8 1·g 1·1D 1·11 1·111·13 114 1·15 2·16 2·17 1·18 11g 1·20 1·11 1·11 213 1·14 1·15 1·16 1·17 1·18 1·2g 1·30 2·31 DIGIT VALUE I RS 0 11 

MSP LSP MANDATORY 
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TMC216H -~·-· '''"" 
Figure 4. Integer Two's Complement Notation 

BINARY POINT 

X15 X14 X13 X12 X11 X10 X9 Xs X7 X5 X5 X4 X3 X2 X1 Xo SIGNAL 

.215 214 213 212 211 210 29 z11 21 26 25 24 23 22 21 2o OIGIT VALUE 

Y15 Y14 Y13 Y12 Yn Y10 Y9 Ys Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 
x 1--1--+--+-+--+--+---+-+---+--+....._,I--!--+--+-+-~ 

.215 214 213 212 211 210 29 2a 27 26 25 z4 23 22 21 20 DIGIT VALUE 

P31 P30 P29 P29 P27 P25 P25 P24 P13 P22 P21 P20 P19 P1s P17 P15 P15 P14 P13 P12 Pn P10 P9 Pa P] P5 P5 P4 P3 Pz P1 Po SIGNAL 

~~~~~~~~~~~~~~~~~~~~~ 210 29 2a 27 26 25 z4 23 22 21 20 OIGIT VALUE RS = 0 

MSP LSP 

P31 P30 P29 P2a P27 P25 P25 P24 P13 P22 P21 Pzo P19 P1s P17 P15 P15 P14 P13 P12 Pn P10 P9 Pa P7 P5 P5 P4 P3 P2 P1 Po SIGNAL 

~~~~~~~~~~~~~~~~~~~~~~ 29 2a 27 26 25 z4 23 22 21 20 OIGIT VALUE RS = 1 

MSP LSP 

Figure 5. Integer Unsigned Magnitude Notation 

BINARY POINT 

X15 X14 X13 X12 Xn X10 X9 X9 X7 X5 X5 X4 X3 X2 X1 Xo SIGNAL 

215 214 213 212 211 210 29 2a 27 z6 25 z4 23 22 21 20 DIGIT VALUE 

x Y15 Y14 Y13 Y12 Y11 Y10 Y9 Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

215 214 213 212 211 210 29 ze 27 26 25 z4 23 z2 21 20 DIGIT VALUE 

P31 P30 P29 P29 P27 P25 P25 P24 P13 P22 P21 P20 P19 P1e P17 P15 P15 P14 P13 P12 P11 P10 P9 Pe P] P5 P5 P4 P3 P2 P1 Po SIGNAL 

231 230 229 228 221 226 225 224 223 222 221 220 219 21e 211 216 215 214 213 212 211 210 29 2e 27 26 25 z4 23 22 21 20 DIGIT VALUE I RS = 1 I 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT 

X15 X14 X13 X12 X11 X10 X9 Xe X7 X5 X5 X4 X3 X2 X1 Xu SIGNAL (TWO'S COMPLEMENT) 

.215 214 213 212 211 210 29 2e 27 26 25 z4 23 22 21 20 DIGIT VALUE 

x Y15 Y14 Y13 Y12 Y11 Yto Y9 Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL (UNSIGNED MAGNITUDE! 

215 214 213 212 211 210 29 2e 27 26 25 z4 23 22 21 20 DIGIT VALUE 

.231 230 229 22e 221 226 225 224 223 222 211 110 219 21e 111 216 215 214 213 212 211 210 z9 2e 11 z6 25 24 23 .12 

MSP LSP 
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TMC216H ii~·· 
Figure 7. Timing Diagram, Clocked Mode 

ts IH 

INPUT 

INPUT 
CLOCK 

OUTPUT tpw 
CLOCK 

OUTPUT 

} tms ~• 1ENA 

THREE-STATE 
CONTROL 

OUTPUT 
(HIGH IMPEDANCE) 

Figure 8. Timing Diagram, Unclocked Mode 

ts tH 

INPUT 

INPUT 
CLOCK 

OUTPUT. 

~ 1MUC 

THREE-STATE 
Ftms l tENA 

CONTROL 

OUTPUT 
(HIGH IMPEDANCE) 
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TMC216H 

Figure 9. Equivalent Input Circuit 

n SUBSTRATE 

n+ } 

Figure 11. Test Load 

TO 5000 

OUTPUT PIN~ VLOAD 

J40pF 
GND 

70 

Figure 10. Equivalent Output Circuit 

n SUBSTRATE 

p 01 

p+ -----o OUTPUT 
n+ 

02 

p WEll 

Figure 12. Transition Levels For Three-State Measurements 

TRIM, TRIL 

THREE-STATE 
OUTPUTS 

1ms o.5V 

HIGH IMPEDANCE 

0.5V 
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TMC216H 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to (Yoo +0.5VI 

Output 
Applied voltage .............................................................................................................................................................................................. -0.5 to 1v00 +0.5Vl 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3.4 

Short-circuit duration !single output in high state to ground) .......................................................................................................................................... 1 sec 

Temperature 
Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vaa Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

1PWL Clock Pulse Width, LOW 25 30 ns 

'PWH Clock Pulse Width, HIGH 25 30 ns 

's Input Setup Time 25 30 ns 

'H Input Hold Time 3 3 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 

V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, logic LOW 4.0 4.0 mA 

loH Output Current, logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 ac 
Tc Case Temperature -55 +125 oc 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

1000 Supply Current, Quiescent Voo = MAX, VIN = av 5 10 

TRIM, TAIL = 5.aV 

loou Supply Current, Unloaded I Voo = MAX, F = 6.8MHz 1a 70 

TRIM, TAIL = 5.aV 

lom Supply Current, loaded I, 2 Voo = MAX, F = 6.8MHz 18a 18a 

TRIM, TAIL = av 

Test load: VlOAD = Voo MAX 

Ill Input Current, Logic LOW Voo = MAX, V1 = a.4V 

XIN• Controls, Clocks -10 + 10 -10 + 10 

YIN -4a +4a -4a +4a 

l1H Input Current, logic HIGH Voo = MAX, Vi = 2.4V 

XIN• Controls, Clocks -la + 10 -10 + 10 

YIN -4a +4a -4a +4a 

11 Input Current, Max Input Voltage Voo = MAX, Vi = Voo +75 +75 

Vol Output Voltage, Logic LOW Voo = MIN, lot = MAX a.4 a.4 

VoH Output Voltage, logic HIGH Voo = MIN, loH = MAX 2.4 2.4 

lozL Hi-Z Output Leakage Current, Output LOW Voo = MAX, V1 = a.4V -4a +4a -4a +4a 

loZH Hi-Z Output leakage Current, Output HIGH Voo = MAX, Vi = 2.4V -4a +4a -4a +4a 

1os Short-Circuit Output Current Voo = MAX, Output HIGH, one pin to ground, -8a -8a 

one second duration max 

C1 Input Capacitance TA = 25°C, F = lMHz 10 10 

Co Output Capacitance TA = 25°C, F = lMHz 10 10 

1. Guaranteed to maximum clock rate, tested at 2MHz. 

2. Worst case, all inputs and outputs toggling at maximum rate. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

1MC Multiply Time, Clocked Voo = MIN 145 185 

1MUC Multiply Time, Unclocked Voo = MIN, Test load: VLDAD = 2.2V 185 23a 

to Output Delay Voo = MIN, Test load: VLOAD = 2.2V 45 5a 

1ENA Three-State Output Enable Delay Voo = MIN, Test Load: VLOAO = 1.5V 4a 45 

trns Three-State Output Disable Delay Voo = MIN, Test Load: VLOAO = 2.6V 4a 45 

for trnsa. a.av for trnsl 2 

Notes: 
1. All transitions are measured at a 1.5V level except for trns and tENA· which are shown in figure 12. 
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2. to1s1 denotes the transition from logical 1 to three-state. 
to1so denotes the transition from logical 0 to three-state. 
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Application Notes 

Mixed Mode Multiplication 

There are several applications in which mixed mode 
multiplication may be advantageous. For example, inputs to a 
digital signal processor are often generated as unsigned 
magnitude numbers le.g., data from an analog-to-digital 
converter). These numbers are effectively all positive values. In 
contiast, filter coefficients musi often be negative. As a resuit, 
either the unsigned magnitude data must be converted to 

Multiplication by a Constant 

Multiplication by a constant only requires that the constant be 
loaded into the desired input register, and that the selected 
register not be loaded again until a new constant is desired. 

Selection of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the TMC216H does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

16/81 x 12/8) = 12/64. 

The difference lies only in constant scale factors lin this case, 
a factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product). However, these scale factors do have 

Register Shift (RSI Control 

In two's complement notation, the acceptable range of values 
for a given word size is not the same for positive and 
negative numbers. The largest negative number is one LSB 
larger than the largest positive number. This is true for either 
fractional or integer notation. A problem can arise when the 
largest representable negative number is multiplied by itself. 
This should give a positive number of the same magnitude. 
However, the largest representable positive number is one LSB 
less than this value. As a result, this product cannot be 
correctly represented without using one additional output bit. 

Output Register Transparent Mode 

If the FT input is HIGH, the output register is made 
transparent: i.e., the product will appear at the output drivers 
as it is generated internally. The clock for the product register 
ICLK Pl is not required in this mode of operation. The 

TRW LSI Products Inc. 

two's complement notation !which requires an additional bit), or 
the multiplier must be capable of mixed mode operation. The 
TMC216H provides this capability by independently specifying 
the mode of the multiplicand IXI and the multiplier IYI on the 
TCX and TCY pins. No additional circuitry is required and the 
resuiting product is in two's complement notation. 

The multiply cycle then consists simply of loading new data 
and strobing the output register. 

implications for hardware design. Because common design 
practice assigns a fixed value to any given line land input and 
output signals often share the same line), the scale factors 
determine the connection of the output pins of any multiplier 
in a system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is used, the 
Least Significant Bits of the multiplier, multiplicand, and .... 
product all have the same value. If fractional notation is used, .... 
the Most Significant Bits of the multiplier, multiplicand, and 
product all have the same value. These formats are illustrated 
in detail in Figures 1 through 6. 

The TMC216H has a Register Shift IRS) control that permits 
shifting of the result to provide a correct answer for every 
two's complement multiplication. When RS is active, the value 
of all bits in the MSP is doubled li.e. shifted left one position), 
which provides the capability to represent the largest possible 
product. The MSB of the Least Significant Product is changed 
from a duplicate of the sign bit to the necessary bit to fill in 
the output word. The effects of this control are illustrated in 
Figures 1 and 4. Note that for unsigned magnitude operation, 
the RS control must be HIGH. 

transparent mode is rarely used as it is much slower than the 
registered mode. It is essentially a special-purpose mode of 
operation. 
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Ordering Information 

74 

Product Temperature Range Screening Package Package 
Number Marking 

TMC216HJ3C STD-TA=0°C to 10°c Commercial 64 Pin Hermetic Ceramic DIP 216HJ3C 

TMC216HJ3A EXT - TC= - 55°C to 125°C High Reliability 64 Pin Hermetic Ceramic DIP 216HJ3A 

All parameters contained in this spec1ficat1on are guaranteed by design, characterization. sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



TMC2208 

CMOS Multiplier-Accumulator 
8 x 8 Bit, 40ns 

The TMC2208 is a high-speed 8 x 8 bit parallel 
multiplier-accumulator which operates at a 40ns cycle 
time 125MHz multiply-accumulate rate). The input data 
may be specified as two's complement or unsigned 
magnitude, yielding a full-precision 16-bit product. 
Products may be accumulated to a 19-bit result. 

Individually clocked input and output registers are used 
to provide maximum system throughput and simplify bus 
interfacing. These registers are positive-edge-triggered 
D-type flip-flops. The result is divided into a 3-bit 
eXTended Product (XTP), an 8-bit Most Significant 
Product (MSP), and an 8-bit Least Significant Product 
(LSP) Individual three-state output ports are provided for 
the XTP, MSP, and LSP. The output register can be 
preloaded directly via the output ports. 

The TMC2208 is pin and function compatible with 
the TDC1008 in the 48 pin DIP. Built with TRW's 
OMICRON-C™ one micron CMOS process, power con­
sumption is greatly reduced. 

Features 
• Function Compatible With The TDC1008 (Pin 

Compatible In 48 Pin Dip Package) 

Functional Block Diagram 

X1N 
IX7_oJ ..__-+--VI 

YIN 
IY 7 - ol ..__,---,<-----,/'I 

TRW LSI Products Inc. 
P.O Box 2472 
La Jolla, CA 92038 

• 40ns Multiply-Accumulate Time (Worst Case 
Commercial) 

• 8 x 8 Parallel Multiplication With Accumulation To 
19-Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Accumulator Preload 

• All Inputs And Outputs Are Registered And TTL 
Compatible 

• Three-State Outputs 
• Two's Complement Or Unsigned Magnitude Operation 
• Single + 5V Power Supply 
• Low Power CMOS Construction 
• Available In 48 Pin Ceramic Or Plastic DIP And 

PLCC 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Micro/Mini-Computer 

PREL 

Phone: (619) 457-1000 
FAX (619) 455-6314 

TSX 

XTPour 

IP1s-1&l 

MS Pour 
IP15-al 

LS Pour 

IPJ-ol 
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Pin Assignments 
<>. 

48 P13 

..... Q u:::: !:.:::: 

~~~~~~~~~~~~~fd~~ 

47 P14 ~~~~~~~~~~~~~~~~3 

46 P15 
45 P15 NC 61 43 NC 

42 NC 
44 P17 
43 P18 SUB 63 41 GND 
42 TSX ACC 64 40 TSM 
41 TC RND 65 
40 Y7 Xo 66 

39 Pe 
38 Pg 

39 Y5 X1 67 37 P10 
38 v5 X2 68 36 P11 
31 v00 X3 1 0 35 P12 

P4 13 36 v4 X4 34 P13 
P3 14 35 v3 X5 33 P14 
P2 15 34 Y2 X5 4 32 P15 

P1 16 33 Y1 X7 5 31 P15 

Po 17 32 Yo CLK X 6 

TSL 18 31 CLKY CLK Y 
30 P17 
29 p18 

SUB 19 30 CLK X NC 28 NC 

ACC 20 29 x7 
NC 9' 27 NC 

RND 21 28 x6 
Xo 22 27 x5 
X1 23 X4 
X2 24 X3 

48 Pin Hermetic Ceramic DIP - J4 Package 
48 Pin Ceramic DIP - N4 Package 

68 Leaded Plastic Chip Carrier - R1 Package 

Functional Description 

General Information 

The TMC2208 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder and 
output registers. The input registers store the two 8-bit 
numbers which are to be multiplied, and the control lines 
which control the input numerical format (two's comple­
ment or unsigned magnitude). output rounding, accumu­
lation, and subtraction. The round control is used when a 
single-word output is desired. Each input is independently 
stored, simplifying multiplication by a constant. The out­
put registers can be preloaded with a constant to provide 
the sum of products plus a constant. The asynchronous 
multiplier array is a network of AND gates and adders, 
which has been designed to handle two's complement or 
unsigned magnitude numbers. The output registers hold 
the product as two 8-bit words and one 3-bit word the 
Most Significant Product (MSP), the Least Significant 
Product (LSP) and the eXTended Product (XTP). Three­
state output drivers permit the TMC2208 to be used on 
a bus, or allow the outputs to be multiplexed over the 
same 8-bit output lines. 

76 

Signal Definitions 

Power 

VDD, GND The TMC2208 operates from a single + 5V 
supply. All power and ground lines must be 
connected. 

Data Inputs 

X7_0 The 8-bit two's complement or unsigned 
magnitude X data input. X7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the X 
input is clocked into the input register on 
the rising edge of CLK X. 

The 8-bit two's complement or unsigned 
magnitude Y data input. Y7 is the MSB 
and contains the sign information for two's 
complement notation. The data on the Y 
input is clocked into the input register on 
the rising edge of CLK Y. 
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Data Outputs 

P18-D P18-0 is the accumulated product result for are forced into the high-impedance state. 
the TMC2208. The 19-bit output is either Second, when any or all the the TSX, TSM 
the two's complement or unsigned magni- and TSL controls is also HIGH, external 
tude result of the accumulated products. data present at the output pins will be 
The output is divided into two 8-bit output preloaded into the corresponding section of 
words (MSP, LSP) and one 3-bit output the output register on the rising edge of 
word (XTP). Pm is the MSB and contains CLK P. Normal data setup and hold times 
thP c::inn infnrm::ittnn fnr t\Mn'c: rnmnlomont 
~ .. - ~·;:i·· ........... "''""~''-'" , ..... , ~ ....... v '-''-''"!"'.._,",.._,"~ app!v both to the logical A~JO of PREL and 
notation. Formats for two's complement, the relevant three-state control (TSX, TSM, 
fractional unsigned magnitude, integer two's TSL), and to the data being preloaded. 
complement and integer unsigned notation 
are shown in Figures 1 through 4. RND The RouN 0 input is used to control the 

rounding of results. When RND is HIGH, a 
Clocks 1 is added to the Most Significant Bit 

CLK X, The rising edge of CLK X (CLK Y) loads the 
(MSB) of the LSP for rounding the product 
in the MSP and XTP rather than truncating 

CLK Y data lines into the appropriate input regis- it. This control is used to improve accuracy 
ter. The RouND (RNO), Two's Complement when the LSP will not be used. 
(TC), ACCumulate (ACC), and SUBtract 
(SUB) control inputs are registered and TC The Two's Complement input is used to 
loaded on the logical DR of both CLK X control how the TMC2208 interprets the 
and CLK Y. Special attention to the clock data on the X and Y inputs. TC HIGH 
signals is required if normally HIGH clock makes both inputs two's complement, while 
signals are used. Problems can be avoided TC LOW makes both inputs unsigned 
by the use of normally LOW clocks. magnitude numbers. 

CLK P CLK P is used to clock the accumulated ACC When ACCumulate is HIGH, the content of .. product sum into the output register. If the output register is added or subtracted 
ACC is HIGH, the content of the output from the next product generated, and their 
register is added to the next product sum stored back into tile output register on 
generated and loaded into the output the next rising edge of CLK P. When ACC 
register. CLK P is also used to preload the is LOW, multiplication without accumulation 
output register from the output pins (see is performed, and the next product gen-
Table 1 ). erated is stored into the output registers 

Controls 
directly. This operation is used for the first 
term in a summation to avoid a separate 

TSX, TSX is the three-state control for the "clear" operation. 
TSM, TSL 3-bit XTP output drivers. TSM and TSL are 

the three-state controls for the MSP and SUB SUBtract is used in conjunction with the 
LSP outputs respectively. The outputs are in ACC control. When both the ACC and SUB 
the high-impedance state when the control controls are HIGH, the content of the out-
is HIGH, and enabled when the control is put register is subtracted from the next 
LOW product generated and the difference is 

stored back into the output register. Note 
PREL PRELoad is the active-HIGH control used to that the previous output is subtracted from 

directly load the output register (see Table the product, not the product from the 
1) When PREL is HIGH, all output buffers previous output. 
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Package Interconnections 

Signal Signal 
Type Name Function J4, N4 Package Pins R1 Package Pins 

Power vDD Supply Voltage 37 18 

GND Ground 12 24, 41, 51, 62 

Data Input X7_0 X Input Data 29, 28, 27, 26, 25, 24, 23, 22 5, 4, 3, 2, 1, 68, 67, 66 

Y7_0 Y Input Data 40, 39, 38, 36, 35, 34, 33, 32 21, 20, 19, 17, 16, 15, 14, 13 

Data Outputs Prn-o Product Output Data 43, 44, 45, 46, 47, 48, 1, 2, 3, 29, 30, 31, 32, 33, 34, 35, 36, 

4, 5, 9, 10, 11, 13, 14, 15, 16, 17 37, 38, 39, 48, 49, 50, 52, 53, 

54, 55, 56 

Clock CLK X X Input Clock 30 6 

CLK Y Y Input Clock 31 7 

CLK P Output Register Clock 7 46 

Control TSX XTP Three-State Control 42 23 

TSM MSP Three-State Control 6 40 

TSL LSP Three'State Control 18 57 

PREL Preload Output Register 8 47 

RND Round MSP of Product 21 65 

TC Two's Complement Control 41 22 

ACC Accumulate Control 20 64 

SUB Subtract Control 19 63 

No Connect NC Unused 8, 9, 10, 11, 12, 25, 26, 27, 28, 

28, 42, 43, 44, 45, 58, 59, 60, 61 

Preload Truth Table 

PREL 1 TSX 1 TSM 1 TSL 1 XTP MSP LSP 

L L L L Register - Output Pin Register- Output Pin Register- Output Pin 

L L L H Register- Output Pin Register-Output Pin Hi-Z 

L L H L Register - Output Pin Hi-Z Register- Output Pin 

L L H H Register- Output Pin Hi-Z Hi-Z 

L H L L Hi-Z Register- Output Pin Register - Output Pin 

L H L H Hi-Z Register- Output Pin Hi-Z 

L H H L Hi-Z Hi-Z Register- Output Pin 

L H H H Hi-Z Hi-Z Hi-Z 
Hz L L L Hi-Z Hi-Z Hi-Z 
Hz L L H Hi-Z Hi-Z H i-Z Preload 
Hz L H L Hi-Z Hi-Z Preload Hi-Z 
H 2 L H H Hi-Z Hi-Z Preload Hi-Z Preload 
H 2 H L L Hi-Z Preload Hi-Z Hi-Z 
H 2 H L H Hi-Z Preload Hi-Z Hi-Z Preload 
H 2 H H L Hi-Z Preload Hi-Z Preload Hi-Z 
Hz H H H Hi-Z Preload Hi-Z Preload Hi-Z Preload 

Notes: 1 PREL, TSX. TSM and TSL are not registered 

2 PREL Hi 1nh1b1ts any change of output register for those outputs in which the three-state control is LOW 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

X7 Xe Xs x, X3 X2 X1 Xo SIGNAL 

!JI r1 r2 2~ r4 rs r8 r7 DIGIT VALUE 

Y7 Ya Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

:/I z-1 t2 2·3 r4 2·5 ra r7 DIGIT VALUE 

P1a P17 P1a P15 P14 P13 P12 P11 P10 Pg Pa "7 Pa Pg P4 P3 Pz P1 Po SIGNAL 

.t z3 z7. z1 7.6 r1 z-2 2·3 r4 t5 2~ 2-7 2~ z-9 r10 r11 r1Z r13 z-14 DIGIT VALUE 

XTP MSP lSP 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

X7 Xe JCs X4 X3 X2 X1 J<o SIGNAL 

t 1 z·2 r3 2-4 r5 2~ r7 r8 DIGIT VALUE 

Y7 Ye Y5 Y4 Y3 Yz Y1 Yu SIGNAL 

z· 1 rZ r3 r4 t5 r8 r7 2-e DIGIT VALUE 

P1a P17 P1e P15 P14 P13 P1z P11 P10 P9 Pg "7 Pe Pg P4 P3 Pz P1 Po SIGNAL 

z7. z1 7.6 z·1 z·Z r3 r4 rs r8 r7 r8 tS z-10 r11 t12 r13 r•• 2·15 r1a DIGIT VALUE 

XTP MSP LSP 

Figure 3. Integer Two's Complement Notation 
BINARY PINNT 

X7 Xe Xs Xe X3 X2 X1 Xo SIGNAL 

~7 7.6 z5 t z3 z7. 21 7.6 DIGIT VALUE 

Y7 Ye Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

.z7 za z5 t z3 z7. z1 7.6 DIGIT VALUE 

P11 P17 P1& P15 P14 P13 P12 P11 P10 P9 Pg "7 Pg Pg P4 P3 Pz P1 Po SIGNAL 

.21e 211 21e 215 21c 213 212 211 21~ z9 7.6 27 7.6 z5 t z3 z7. z1 7.6 DIGIT VALUE 

XTP MSP LSP 

Figure 4. Integer Unsigned Magnitude Notation 
BINARY POINT 

X7 Xe X5 Xe X3 Xz X1 Xo SIGNAL 

z7 7.6 z5 t z3 z7. 21 7.6 DIGIT VALUE 

Y7 Ve Y5 Y4 Y3 Y2 Y1 SIGNAL 

27 7.6 z5 t 23 z7. z1 DIGIT VALUE 

PIB P17 P11 P15 P14 P13 P1z P11 P10 Pg Pg "7 Pg P5 P4 P3 Pz P1 SIGNAL 

21e 211 21& 215 21• 211 212 211 210 2s z5 27 z5 25 t z3 z7. z1 DIGIT VALUE 

XTP MSP LSP 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ......................................................................................................................................................................................... - 0.5 to + 7.0V 

Input Voltage .................................................................................................................................................................................. -0.5 to (Voo + 0.5)V 

Output 

Temperature 

Applied voltage 2 .....................................•...................•....... , .................................................................................. -0.5 to (Voo + 0.5)V 
Forced current 3.4 .....•..........•.........•........•......•.••.....•..•••....•••.......•.•.............•..•..............•.•......•.•.......•........••........•........•. -1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................... 1 Second 

Operating, case .............................................................................................................................................................. -60 to + 130°C 

junction ....................................................•.................................................................................................................. + 175°C 

Lead, soldering (10 seconds) ....................................................................................................................................................•..... 300°C 
Storage ............................................................................................................................................................................ -65 to +l50°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 
tpw Clock Pulse Width HIGH 15 15 ns 

ts Input Setup Time (Except PREL) 10 11 ns 

ts Input Setup Time (PREL) 12 13 ns 

tH Input Hold Time 0 2 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 
loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 ·c 

Tc Case Temperature -55 125 ·c 
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DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1000 Supply Current, Quiescent Voo=Max, V1N=OV 5 10 mA 

TSL, TSM, TSX=5V 

loou Supply Current, Unloaded Voo=Max, f=25MHz 30 35 mA 

TSL, TSM, TSX=5V 

Ill Input Current, Logic LOW v00 =Max, v1N =av -10 -10 µA 

l1H Input Current, Logic HIGH Voo =Max, V1N = Voo 10 10 µA 

Vol Output Voltage, Logic LOW v00 =Min, loL =4mA 0.4 0.4 v 

VoH Output Voltage, Logic HIGH Voo=Min, loH= -2mA 2.4 2.4 v 

1ozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=DV -40 -40 µA 

lozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, V1N=Voo 40 40 µA 

las Short-Circuit Output Current Voo =Max, Output HIGH, one pin to -100 -100 mA 

ground, one second duration max. 

Cl Input Capacitance TA=25°C, f=1MHz 15 15 pF 

Co Output Capacitance TA=25°C, f=1MHz 15 15 pF 

Note I. Actual test conditions may vary from those shown, but guarantee operation as specified 

Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1MA Multiply-Accumulate Time Voo=Min 40 50 ns 

to Output Delay Voo =Min, Load= 40pF 23 25 ns 

1ENA Three-State Output Enable Delay Voo=Min, Load=40pF 19 21 ns 

1rns Three-State Output Disable Delay Voo =Min, Load= 40pF 16 18 ns 

Notes I. All transitions are measured at a 1.5V level except for t01s and tENA 
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Figure 5. Timing Diagram 

INPUT ==>!(coNTROL ANO DATA IN1 ... ___ _ 

I= 1s--t:1H:::J 

CLOCK '-· ---
INPUT t:;PW--\. 

1MA--lr----.. 
OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

'ENA--1 

HIGH IMPEDANCE 

Figure 6. Equivalent Input Circuit 
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figure 7. Equivalent Output Circuit 
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Application Notes 

Multiplication By A Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register, and the register 
not be loaded again until a new constant is required. 
The multiply cycle then consists of loading new data into 
the remaining input register and strobing the output 
register. 

Selection of Numeric Format 

Essentially, the difference between integer, mixed and 
fractional notation in system design is only conceptual 
For example, the TMC2208 does not differentiate 
between this operation: 

6x2=12 
and this operation: 

(6/8) x 12/8) = 12/64 

Ordering Information 

Product Temperature Range 
Number 

The difference lies only in constant scale factors (in this 
case, a factor of 8 in the multiplier and multiplicand and 
a factor of 64 in the product). However, these scale 
factors do have implications for hardware design. 
Because common good design practice assigns a fixed 
value to anv qiven line (and input and output siqnals 
often share the same line), the scale factors determine 
the connection of the output pins of any multiplier in a 
system. As a result, only two choices are normally made: 
integer and fractional notation. If integer notation is 
used, the Least Significant Bits of the multiplier, 
multiplicand, and product all have the same value. If 
fractional notation is used, the Most Significant Bits of 
the multiplier, multiplicand, and product all have the 
same value These formats are illustrated in detail in 
Figures 1 through 4. 

Screening Package Package 
Marking 

TMC2208J4C STD-TA= 0°c to 10°c Commercial 48 Pin Hermetic Ceramic DIP 2208J4C 

TMC2208J4V EXT-Tc= -55°C to 125°C MIL-STD-883C 48 Pin Hermetic Ceramic DIP 2208J4V 

TMC2208N4C STD-TA= 0°C to 70°C Commercial 48 Pin Plastic DIP 2208N4C 

TMC2208R1C STD-TA= 0°C to 70°C Commercial 68 Leaded Plastic Chip Carrier 2208R1C 

as appropriate. TRW reserves the right to change 
patent rights TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc components are not designed for use 1n Irle support applications. wherein a failure or malfunction of the 
can reasonably be to result 1n 1n1ury. The user of TRW LSI Products Inc. components 1n life support applications assumes all risk of 

use and 1ndcmnrf1es TRW Products Inc all damages 

TRW LSI Products Inc. 83 

.. 



Fixed-Point Arithmetic 

84 TRW LSI Products Inc. 



TMC2210 

CMOS Multiplier-Accumulator 
16 x 16 Bit, 65, 80, 100, 160ns 

The TMC2210 is a high-speed 16 x 16 bit digital 
multiplier-accumulator which is available in four speed 
bins of 65, 80, 100 or 160ns. input data may be 
specified as two's complement or unsigned magnitude 
yielding a 32-bit product. Products may be accumulated 
to a 3 5-bit resu It. 

Individually clocked input and output registers are 
provided to maximize system throughput and simplify bus 
interfacing. These registers are constructed using positive­
edge-triggered 0-type flip-flops. The result is divided into 
a 3-bit Extended Product IXTP), a 16-bit Most Significant 
Product IMSP) and a 16-bit Least Significant Product 
ILSP). Individual three-state output ports are provided for 
the XTP and MSP. The LSP is multiplexed with the Y 
operand inputs. The output register can be preloaded 
directly via the output ports. 

Built with TRW's OMICRON-C™ CMOS process, the 
TMC2210 is a drop in replacement for the TMC2010 
and the TMC2110, and is pin and function compatible 
with the industry standard TDC1010 in DIP form and 
with the Analog Devices ADSP-1010 in the pin grid 
array. 

Functional Block Diagram 

Y11flSPDUT 
IY16-Yi1"15-Pd "'"''-<---+V 

CLK Y 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 
• 65, 80, 100 Or 160ns Multiply-Accumulate Time 
• 16 x 16 Bit Parallel Multiplication With Accumulation 

To 35-Bit Result 
• Se!ectab!e Accumu!ation, Subtraction, Rounding And 

Preloading 
• Two's Complement Or Unsigned Magnitude Operation 
• All Inputs And Outputs Are Registered And TTL 

Compatible 
• Low Power Consumption CMOS Process 
• Single + 5V Power Supply 
• Available In A 64 Pin Ceramic Or Plastic DIP Or 68 

Pin Grid Array 

Applications 
• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

TSL CLK P 85 

Phone: 1619) 457-1000 
FAX: (619) 455-6314 

©TRW Inc. 1990 
40G02412 Rev. D-11 /80 
Printed in the U.S.A. 
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TMC2210 

Functional Block Diagram 

XtN 
IX15-~ .______,.....___,,, 

Y1f#LSPour 
IV 15-Yg/P15-P~ 

CLK Y 

Pin Assignments 

X5 64 X7 
X5 63 Xe 
X4 3 62 X9 
X3 61 X10 
X2 60 X11 
X1 6 59 X12 
Xu 58 X13 

Pu.Yo 57 X14 
P1.Y1 9 56 X15 
P2.Y2 10 55 TSL 

P3.Y3 11 54 RND 

P4,Y4 12 53 SUB 

P5,Y5 13 52 ACC 

P5.Y5 14 51 CLK X 

P7,Y7 15 50 CLK Y 
GND 16 49 Voo 

P9.Y9 17 48 TC 

P9,Y9 18 47 TSX 

P10.Y10 19 46 PREL 

P11.Y11 20 45 TSM 

P12.Y12 21 44 CLK P 

P13.Y13 22 43 P34 
P1.i.Y14 23 42 P33 
P15,Y15 24 41 P32 

P15 25 40 P31 
P17 26 39 P30 

P1e 27 38 P29 
P19 28 37 P2e 
P20 29 36 P27 
P21 30 35 P25 
P22 31 34 P25 
P23 32 33 P24 

64 Lead DIP - JO, NO Package 
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PREL TSX 

TSL CLK P 

L K J H G F E 0 C B A 
1::11) (l <:,Ci r:1 CJ\') r...:' >.:~ Key 

2 () (f~I (_)()Ci Ci C1 (1 (.1 rl/l (1 
J ()'°J -,c:1(1 
4 (11:1 CiC1 
5 ()(.) t-:J<~ 
6 ,-, ,-, Top View ,_::, 0 
7 () 1:-_, Cavity Up 1:, ,_::, 

8 (-,,-, l-=.11::> 
g ()Ci <:' :..J 

10 1:1~11:1 () c1 Ci()(.' Ci \Si (J 
11 1~11) r:1 (.' () r) CJ (:1 r:i 

68 Pin Grid Array - GB Package 

Pin Name Pin Name Pin Name 

B2 P1.Y1 K2 P1s KlO P32 
Bl P2.Y2 L2 P17 Kll P33 
C2 P3.Y3 K3 P1B JlO P34 
Cl P¢.Y4 L3 P1s Jll CLK P 

02 P5,Y5 K4 P20 HlO TSM 

01 Ps.Ys L4 P21 Hll PREL 

E2 P7,Y7 K5 P22 GlO TSX 

El GND L5 Pz3 Gll TC 

F2 PB.YB KS Pz4 FlO Voo 
Fl Pg,Ys LS Pz5 Fll CLK Y 

G2 P10.Y10 K7 Pzs ElO CLK X 

Gl P11.Y11 L7 Pz7 Ell ACC 

H2 P1z.Y12 KB PzB 010 SUB 

Hl P1;i.Y13 LB P29 011 RND 

J2 P1¢.Y14 KS P30 ClO TSL 

Jl P15.Y15 L9 P31 Cll X15 
Kl NC LlO NC Bll NC 

TRW LSI Products Inc. 

ii~iri' 

Pin Name 

BlO X14 
AlO X13 
BS X12 
AS X11 
BB X10 
AB Xs 
B7 Xe 
A7 X7 
BS Xs 
AS X5 
B5 X4 
A5 X3 
B4 Xz 
A4 X1 
BJ Xo 
A3 Po.Yo 
A2 NC 



TMC2210 

Functional Description 

General Information 

The TMC2210 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder and output 
registers. The input registers store the two 16-bit numbers 
which are to be multiplied and the control lines which control 
the input numerical format !two's complement or unsigned 
magnitude), output rounding, accumu!at!on and subtract!on. The 
round control is used when a single -word output is desired. 
Each number is independently stored, simplifying multiplication 
by a constant. The output registers can be preloaded with a 
constant to provide the sum of products plus a constant. The 
asynchronous multiplier array uses a modified Booth's algorithm 
and has been designed to handle two's complement or 
unsigned magnitude numbers. The output registers hold the 
product as two 16-bit words and one 3-bit word: the MSP, 

Signal Definitions 

Power 

Voo. GND 

Data Inputs 

X15-o, 
Y15-0 

Data Outputs 

The TMC2210 operates from a single +5 Volt 
supply. All power and ground lines must be 
connected. 

There are two 16-bit two's complement or 
unsigned magnitude data inputs, labeled X and 
Y. The Most Significant Bits IMSBsl, denoted 
X 15 and Y 15· carry the sign information when 
two's complement notation is used. The 
remaining bits are denoted X14-0 and Y14-o 
!with Xo and Yo the Least Significant Bitsl. Data 
present at the X and Y inputs are clocked into 
the input registers on the rising edge of the 
appropriate clock. 

There is a 35-bit two's complement or 
unsigned magnitude result that is the sum of 
the products of the two input data values and 
the previous products which have been 
accumulated. The output is divided into two 
16-bit output words, the MSP and LSP, and 
one 3-bit output word, the XTP. The MSB of 
the XTP is the sign bit if two's complement 
notation is used. 

TRW LSI Products Inc. 

the LSP and the XTP. Three-state output drivers permit the 
TM C2210 to be used on a bus or allow the outputs to be 
multiplexed over the same 16-bit output lines. The LSP is 
multiplexed with the Y input. 

The TMC2210 has three c!ock !!nes, one for each of the input 
registers and one for the product register. Data present at the 
inputs of these registers are loaded into the registers on the 
rising edge of the appropriate clock. The Round IRNDJ, Two's 
Complement ITC), Accumulate IACCI and Subtract !SUBJ inputs 
are registered and all four bits are clocked in on the rising 
edge of the logical OR of both CLK X and CLK Y. Problems 
with the loading of these four control signals can be avoided 
by the use of normally LOW clocks. 

Clocks 

CLK X 

CLK Y 

CLK P 

Controls 

TSX, 
TSM, TSL 

PREL 

CLK X is the clock input for the X15-0 data 
register. 
CLK Y is the clock input for the Y15-0 data 
register. 
CLK P is the clock input for the product 
register. 

TSX, TSM and TSL are three-state enable lines 
for the XTP, the MSP and the LSP, respectively. 
The output driver is in the high-impedance 
state when TSX, TSM or TSL is HIGH and 
enabled when the appropriate control is LOW. 

PREL IPreloadl is an active HIGH control which 
has several effects when active. First, all output 
buffers are forced into the high-impedance 
state. Second, when any or all of TSX, TSM 
and TSL are also HIGH, external data present at 
the output pins will be preloaded into the 
corresponding section of the output register on 
the rising edge of CLK P. Normal data setup 
and hold times apply both to the logical AND of 
PREL and the relevant three-state control ITSX, 
TSM, TSU and to the data being preloaded. 
These setup and hold times are with respect to 
the rising edge of CLK P. 
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TMC2210 

RND 

TC 

ACC 

RND !Round) controls the addition of a one to 
the MSB of the LSP for rounding. When RND is 
HIGH, a one is added to the MSB of the LSP 
for rounding the product in the MSP and XTP 
!if appropriate) rather than truncating. 

TC !Two's Complement) controls how the device 
interprets data on the X and Y inputs. When TC 
is HIGH, both inputs are two's complement 
inputs. When TC is LOW, both inputs are 
unsigned magnitude only inputs. The necessary 
sign extension for negative two's complement 
numbers is provided internally. 

When ACC !Accumulate) is HIGH, the content of 
the output register is added to or subtracted 
from the next product generated, and the result 
is stored back into the output registers on the 
next rising edge of CLK P. When ACC is LOW, 
multiplication without accumulation is performed, 
and the next product generated will be stored 

Package Interconnections 

Signal Signal 
Type Name Function 

Power Voo Supply Voltage 

GND Ground 

Data Inputs X15-0 X Input Word 

Y15-0 Y Input Word 

Data Outputs P34-o Product Output 

Clocks CLK X X Register Clock 

CLK Y Y Register Clock 

CLK P P Register Clock 

Controls TSX XTP Three-state 

TSM MSP Three-state 

TSL LSP Three-state 

PREL Pre load 

RND Round 

TC Two's Complement 

ACC Accumulate 

SUB Subtract 

No Connects NC No Connection 
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into the output registers directly. This operation 
is used for the first term in a summation to 
eliminate the need for a separate "clear" 
operation. 

SUB The SUB !Subtract) control is used in 
conjunction with the ACC control. When both 
the ACC and SUB controls are HIGH, the 

No Connects 

content of the output register is subtracted from 
the next product generated, and the difference 
is stored back into the output register. When 
ACC is HIGH and SUB is LOW, the content of 
the output register is added to the next product 
generated and the sum is stored back into the 
output register. Note that the previous output is 
subtracted from the product, not the product 
from the previous output. 

NC The pin grid array version of the TMC2210 has 
four pins which are not connected internally. 

JO, NO Package GB Package 

49 FlO 

lB El 

5B-B4, 1-7 Cll, BlO, AlO, B9, A9, BB, AB, 87, 

A7, BB, AB, B5, A5, B4, A4, BJ 

24-17, 15-B Jl, J2, Hl, H2, Gl, G2, Fl, F2, 
E2, 01, 02, Cl, C2, Bl, B2, A3 

43-17, 15-B JlO, Kll, KlO, L9, K9, LB, KB, L7, K7, LB, KB, L5, 

K5, l4, K4, L3, K3, l2, K2, Jl, J2, Hl, H2, Gl, G2, 
Fl, F2, E2, 01, 02, Cl, C2, Bl, B2, A3 

51 ElO 

50 Fll 

44 Jll 

47 GlO 

45 HlO 

55 ClO 

4B Hll 

54 011 

4B G11 

52 E11 

53 010 

- Kl, llO, Bll, A2 
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TMC2210 

Application Discussion 

Multiplication By A Constant 

Multiplication by a constant requires that the constant be 
loaded into the desired input register and that the register not 
be loaded again until a new constant is desired. The multiply 
cycle then consists of loading new data and strobing the 
output register. 

Selection Of Numeric Format 

Essentially, the difference between integer, mixed and fractional 
notation in system design is only conceptual. For example, 
there is no differentiation between this operation: 

6 x 2 ~ 12 
and this operation: 

16/81 x 12/81~12/64. 

Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

The difference lies only in constant scale factors (in this case, 
a factor of 8 in the multiplier and multiplicand and a factor of 
64 in the product). However, these scale factors do have 
implications for hardware design. Because common good 
design practice assigns a fixed value to any given line land 
input and output signals often share the same line), the scale 
factors determine the connection of the output pins of any 
multiplier in a system. As a result, only two choices are 
normally made: integer and fractional notation. If integer 
notation is used, the LSBs of the multiplier, multiplicand and 
product all have the same value. If fractional notation is used, 
the MSBs of the multiplier, multiplicand and product all have 
the same value. 

X15 X14 X13 X12 X11 X10 Xg Xe X7 X5 X5 X4 X3 X2 X1 Xo SIGNAL 

.20 1·1 2·2 2·3 1°" 2·5 2·6 2-7 2·e 2·9 2·1D 2·11 1·12 1·13 2·14 2·15 DIGIT VALUE 

Y15 Y14 Y13 Y12 Y11 Y10 Yg Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

.1o 2.1 2.1 2·3 2..i 2.5 2·6 2·7 z-e 2·9 2.10 2.11 2.12 2.13 2.14 2.15 DIGIT VALUE 

P34 P33 P32 P31 P30 P29 P1e P17 P25 P75 P14 P23 P22 P11 Pzo P19 P1e P17 P15 P15 P14 P13 P11 P11 P10 Pg Pe Pi l's P5 P4 PJ Pz P1 Po SIGNAL 

.14 13 12 21 20 1·1 1·1 1·3 1-4 z-5 1·6 1·7 1·e 1·9 1·10 1·11 1·12 z-13 1·14 1·15 1·16 z-17 z-1e z-19 1·10 1·11 1·22 1·23 1·14 1·25 1·16 1·27 1·2e z-29 1·30 DIGIT VALUE 

XTP MSP LSP 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

X15 X14 X13 X12 X11 X10 Xg Xe X7 X5 X5 X4 X3 X1 X1 Xo SIGNAL 

1·1 1·1 z-3 1-4 2·5 1·6 1·7 z-e 2·9 1·10 z-11 2·11 2·13 2·14 2·15 2·16 DIGIT VALUE 

Y15 Y14 Y13 Y12 Y11 Y10 Yg Ye Y7 Y5 Y5 Y4 Y3 Y2 Y1 Yo SIGNAL 

2.1 1.1 1·3 1..i 2·5 1·6 1.1 1.e 2.9 2.10 2.11 2.11 1.13 2.14 2.15 2.15 DIGIT VALUE 

P34 P33 P31 P31 P30 P19 Pzs P17 P25 P15 P14 P23 P22 P11 P20 P19 P1e P17 P15 P15 P14 P13 P11 P11 P10 Pg Pe Pi P5 Ps P4 P3 P1 P1 Po SIGNAL 

11 11 10 2·1 1·1 1·3 1-4 1·5 1·6 1·7 2·e 1·9 1·10 1·11 2·12 1·13 1·14 1·15 1·16 1·17 1·1e 1·19 1·10 1·11 1·22 1·13 1·14 1·15 z-16 z-27 2·18 1·19 1·30 z-31 2·31 DIGIT VALUE 

XTP MSP LSP 
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Figure 3. Integer Two's Complement Notation 

X15 X14 X13 X12 X11 X10 

.21s 214 213 212 211 210 

x Y15 Y14 Y13 Y11 Y11 Y10 

.21s 214 213 212 211 210 

P34 P33 P3z P31 P30 Pzg Pze Pz7 Pzs Pz5 Pz4 P23 P22 Pz1 Pzo P19 Pia P17 P15 P15 P14 P13 P1z P11 P10 

.234 z33 z32 z31 z30 2zg zZB 221 22s 2zs z24 223 222 221 220 21g 210 211 21s 21s 214 213 212 211 210 

XTP MSP 

Figure 4. Integer Unsigned Magnitude Notation 

x 

P34 P33 P3z P31 P30 Pzg Pza PZI Pzs P25 Pz4 P23 P22 Pz1 Pzo P1~ P1a P17 P15 

234 z33 z32 z31 z30 z29 z28 zZI 22s 225 z24 223 222 221 220 21g 210 211 21s 

XTP MSP 

Figure 5. Timing Diagram 
NON-MULTIPLEXED INPUTS 
IX1N· CONTROLS) 

OUTPUT CLOCK 

THREE-STATE CONTROL 

MULTIPLEXED LEADS 
IY1N· LSPouTI 

NON-MULTIPLEXED 
OUTPUTS IXTP, MSP) 

... XX¥ ¥XX ... 
r- 1S ---j I-1H 

I 

X15 X14 X13 X12 X11 X10 

21s 214 213 212 211 210 

Y15 Y14 Y13 Y1z Y11 Y10 

21s 214 213 212 211 210 

P15 P14 P13 P1z P11 P10 

21s 214 213 212 211 210 

Xg 

zg 

Yg 

zg 

Pg 

zg 

Xg 

zg 

Yg 

zg 

Pg 

zg 

Xe X7 X5 X5 ~ X3 Xz 

1e z7 z6 z5 z4 z3 z2 

Ye Y7 Y5 Y5 Y4 Y3 Yz 

z8 z7 z6 z5 z4 z3 z2 

Pa "7 P5 P5 P4 P3 Pz 

zB z7 z6 z5 z4 z3 z2 

LSP 

Xe 

zB 

Ya 

zB 

Pa 

zB 

X7 X5 X5 ~ X3 Xz 

z7 z6 z5 z4 z3 z2 

Y7 Y5 Y5 Y4 Y3 Yz 

z7 z6 z5 z4 z3 z2 

"7 P5 P5 P4 P3 Pz 

z7 z6 z5 z4 z3 z2 

LSP 

I 

~ 1s-'--•H--j 

: I I 
PRELOAD IN DATA 

PRELOAD IN DATA 

i'i~ir• 

BINARY POINT 

X1 Xo SIGNAL 

zl zD DIGIT VALUE 

Y1 Yo SIGNAL 

z1 zD DIGIT VALUE 

P1 Po SIGNAL 

zl zD DIGIT VALUE 

BINARY POINT 

X1 Xo SIGNAL 

zl zD DIGIT VALUE 

Y1 Yo SIGNAL 

z1 zD DIGIT VALUE 

P1 Po SIGNAL 

z1 zD DIGIT VALUE 

Note: On multiplexed leads, input data and preload in data are applied to the TMC2210, and data out is produced and driven by the TMC2210. 
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 

Voo 

n SUBSTRATE n SUBSTRATE 

p 01 

1KO } n+ 

p+ 

OUTPUT 

n-t-

02 n 02 

p WELL p WELL 

.,,. GND .,,. GND 

Figure 8. Threshold Levels for Three-State Measurements 

TSM, TSX, 
TSL 

THREE-STATE 
OUTPUTS 

1ms o.5V 

0.5V 

HIGH IMPEDANCE 

2.0V 
O.BV 

Absolute maximum ratings !beyond which the device may be damagedl 1 

Supply Vol1age ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage .............................................................................................................................................................................................................................. -0.5 to 1v00 + 0.51V 

OutpU1 

Applied voltage 2 ............................................................................................................................................................................................ -0.5 to !Voo + 0.51V 

Forced current3,4 ........................................................................................................................................................................................................ -1.0 to 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ...................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 300°C 
Storage ...................................................................................................................................................................................................................... -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operatJOn under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

VIL input Voiiage, Logic LOW O.B o.e v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 
Tc Case Temperature -55 125 oc 

DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1000 Supply Current, Quiescent Voo = Max, VIN = ov 5 10 mA 

loou Supply Current, Unloaded Voo = Max, TSL, TSM, TSX = 5V 

I= 15MHz 75 75 mA 

I = lOMHz 50 50 mA 

I = 6.2MHz 30 30 mA 

l1L Input Current, Logic LOW Voo = Max, VIN = ov 

X15-0• Controls, CLKs -10 -10 µA 

P15-0• Y15-o -40 -40 µA 

l1H Input Current, Logic HIGH v00 = Max, v1N = v00 
X15-0· Controls, CLKs 10 10 µA 

p15-0• Y15-0 40 40 µA 

Vol Output Voltage, Logic LOW v00 = Min, loL = Max 0.4 0.4 v 

VoH Output Voltage, Logic HIGH Voo = Min, loH = Max 2.4 2.4 v 

1ozL Hi-Z Output Leakage Current, Output LOW Voo = Max, V1N = OV -40 -40 µA 

1ozH Hi-Z Output Leakage Current, Output HIGH Voo = Max, V1N ~ Voo 40 40 µA 

las Short- Circuit Output Current Voo = Max, Output HIGH, one pin to ground, -100 -100 mA 

one second duration max. 

C1 Input Capacitance TA = 25°C, I = 1MHz 10 10 pF 

Co Output Capacitance TA = 25°C, I= 1MHz 10 10 pF 

Note: 
1. Actual test conditions may vary from those shown, but guarantee operation as specified. 
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AC characteristics within specified operating conditions 

Temperature Range 
-1 -2 -3 

Standard Extended Standard Extended Standard Standard 
Parameter Test Conditions Min Max Min Max Min Max Min Max Min Max Min Max Units 

1MA Multiply-Accumulate Time v00 • Min 65 80 80 100 100 160 ns 

1PWL Clock Pulse Width, LOW v00 • Min 15 15 15 15 25 25 ns 

1PWH Clock Pulse Width, HIGH v00 • Min 15 15 15 15 25 25 ns 

ts Input Setup Time Oata, ACC, SUB, ANO, TC 15 20 20 20 25 25 ns 

PAEL, TSL, TSM, TSX 30 30 30 30 30 30 ns 

tH Input Hold Time Data, ACC, SUB, ANO, TC 0 0 0 0 0 3 ns 

PAEL, TSL, TSM, TSX 3 3 3 3 3 3 ns 

to Output Delay Voo " Min, CLOAO " 40pF 35 35 40 40 35 45 ns 

1ENA Three-State Output 

Enable Delay I Voo " Min, CLOAO " 40pF 30 35 35 40 30 40 ns 

1ms Three-State Output 

Disable Delay I Voo " Min, CLOAO " 40pF 30 30 35 35 30 35 ns 

Note: 
1. All transitions are measured at a 1.5V level except for tois and tENA 

.. 
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Preload Truth Table 

PREL 1.2 TSX 1 TSM 1 TSL 1 XTP MSP LSP 

0 0 0 0 Register - Output Pin Register - Output Pin Register- Output Pin 

0 0 0 1 Register- Output Pin Register- Output Pin Hi-Z 

0 0 1 0 Register- Output Pin Hi-Z Register -Output Pin 

0 0 1 1 Register- Output Pin Hi-Z Hi-Z 

0 1 0 0 Hi-Z Register- Output Pin Register - Output Pin 

0 1 0 1 Hi-Z Register- Output Pin Hi-Z 

0 1 1 0 Hi'Z Hi-Z Register- Output Pin 

0 1 1 1 Hi-Z Hi-Z Hi-Z 

1 0 0 0 Hi-Z Hi-Z Hi-Z 

1 0 0 1 Hi-Z Hi-Z Hi-Z Preload 

1 0 1 0 Hi-Z Hi-Z Preload Hi-Z 

1 0 1 1 Hi-Z Hi-Z Preload Hi-Z Preload 

1 1 0 0 Hi-Z Preload Hi-Z Hi-Z 

1 1 0 1 Hi-Z Preload Hi-Z Hi-Z Preload 

1 1 1 0 Hi-Z Preload Hi-Z Preload Hi-Z 

1 1 1 1 Hi-Z Preload Hi-Z Preload H i-Z Preload 

Notes: I. PREL. TSX, TSM and TSL are not registered. 

2. When PREL is HIGH, any change o1 output register (for those outputs in which the three-state control rs LOW) is inhibited. 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC2210G8C STO-TA=0°C to 70°C Commercial 68 Pin Grid Array 2210G8C 

TMC2210G8C1 STD-TA= 0°C to 70°C Commercial 68 Pin Grid Array 2210G8C1 

TMC2210G8V EXT - Tc= - 55°C to 125°C MI L-STD-883 68 Pin Grid Array 2210G8V 

TMC2210G8V1 EXT-Tc= -55°C to 125°C MIL-ST0-883 68 Pin Grid Array 2210G8V1 

TMC2210JOV EXT-Tc= -55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 2210JOV 

TMC2210JOV1 EXT-Tc= 55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 2210JOV1 

TMC2210NOC STO-TA=0°C to 70°C Commercial 64 Pin Plastic DIP 2210NOC 

TMC2210NOC1 STD-TA=0°C to 70°C Commercial 64 Pin Plastic DIP 2210NOC1 

TMC2210NOC2 STD-TA=0°C to 70°C Commercial 64 Pin Plastic DIP 2210NOC2 

TMC221 ONOC3 STD-TA=0°C to 70°C Commercial 64 Pin Plastic DIP 2210NOC3 

are guaranteed by design, characterization, sample testing or I 00% testing, as appropriate. TRW reserves the right to change 
sner1fi""°'" without notice. This information does not convey any license under patent rights o1 TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in Irle support appl1cat1ons, wherein a failure or malfunction of the 
component can reasonably be expected to result io injury. The user o1 TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. all damages. 
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TMC3211 

Integer Divider 
32-Bit, 20 MOPS 

The TMC3211 is a fast monolithic two's complement 
integer divider which can divide a 32-bit dividend by a 
16-bft divisor to produce a 32-btt quot:ent, vvith a 
maximum pipelined throughput of 20 MOPS !Million 
Operations Per Second). Data is input on separate 
busses, and quotients are available on a 32-bit output 
bus with synchronous three-state enable. All data inputs 
and outputs are registered and TTL compatible. All input 
and output signal timing is referenced to the rising edge 
of Clock. 

The TMC3211 has a single system clock and separate 
load enable controls for the dividend and divisor 
registers. This allows the device to be used in 
applications requiring division by a constant. Underflow 
automatically produces the expected zero quotient, and 
dividing by zero sets a divide-by-zero output flag. 

The internal architecture of the TMC3211 allows all 
32-bit two's complement integer dividends and nonzero 
16-bit two's complement integer divisors, without 
prenormalization. The output quotient format is 32-bit 
integer. 

The TMC3211 makes a full-precision, full-speed divide 
function available to designers of Workstations, Image 
Processors, and Radar Systems who need to perform 
perspective extractions, matrix operations, range scaling, 
and other complex functions. 

Features 
• 32-Bit By 16-Bit Fixed-Point Integer Division 

With 32-Bit Quotient 
• 20MHz Clock Rate And Pipelined Throughput Rate 
• Three-Bus 1/0 Architecture Allows Unrestricted 

Throughput 
• Easy System Interfacing 
• Status Flags For Divide-By-Zero And Inexact Result 
• All Inputs And Outputs TTL Compatible 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

• Low Power CMOS Technology 
• Available In A 120 Pin Plastic Pin Grid Array Package 

Applications 
• Graphics And Image Processors 
• Matrix Operations And Geometric Transforms 
• Perspective Extraction 
• Radar Signal Processing 
• Range Scaling 

Functional Block Diagram 

Phone: 1619) 457-1000 
FAX: 1619) 455-6314 
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TMC3211 

Pin Assignments 

120-Pin Plastic Pin Grid Array - H5 Package 

Pin 

C3 
B2 
Bl 

03 

C2 

Cl 

02 

E3 
01 

E2 

El 

F3 

F2 
Fl 

62 

63 

61 

Hl 

H2 

H3 

Jl 

J2 

Kl 

J3 

K2 
Ll 

Ml 

K3 

L2 
Nl 
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Name Pin Name Pin Name Pin 

Voo L3 6NO Lll Voo Cll 

Y15 M2 Xo M12 GND B12 
YEN N2 X1 M13 025 A12 
6NO L4 Voo Kll Voo C10 

Voo M3 X2 L12 6NO Bll 

Y15 N3 X3 L13 024 All 

Y17 M4 ~ K12 023 B10 
6NO L5 6NO Jll Voo C9 

Y19 N4 X5 K13 022 A10 

Y19 M5 X5 J12 021 B9 

V20 N5 X7 J13 020 A9 

Voo L6 Xe H11 6NO CB 

Y21 MB Xg H12 019 BB 

Y22 N6 X10 H13 018 AB 
GNO M7 X11 612 Voo B7 

Voo L7 Voo 611 017 CJ 

Y23 N7 X12 613 015 A7 

Y24 NB X13 F13 015 A6 

Y25 MB X14 F12 014 B6 
6NO LB X15 Fll Voo C6 

Y25 N9 XEN E13 013 A5 

Y27 MS CLK E12 012 B5 

Y29 N10 OED 013 n11 A4 

Voo L9 031 Ell 6NO C5 

Y29 M10 030 012 010 B4 

Y30 N11 029 C13 Dg A3 

Y31 N12 Dze B13 De A2 
6NO LlO 027 011 Voo C4 

Voo Mll 6NO C12 6NO B3 
6NO N13 025 A13 Voo Al 

NMLKJHGFEDCBA 

@@@©@©@©©©©@@ 

2 @©©©©©@©©@©@@ 

3 @@00000@@@@@@ 

4 @ @ © ""'© 0 @ @ 
5@©© \@@© 

6 @@«> @©@ 

7 @ @ C> 

8 @ @ C> 

9 @@ 0 

10 @@ 0 

Top View 
Cavity Up 

0 ©@ 

0 ©@ 

0@ © 

0@ © 

11 @ @ C> Cl 0 0 0 Cl 0 0 '° © © 
12 @ @ @ © © © @ © @ @ © @ @ 

13 © @ @ @ @ © © @ @ @ © © © 

Naine 
6NO 

07 

Os 
Os 
~ 
03 

02 

o1 

Do 
DZ 

REM 

Yo 

Y1 

Y2 

Y3 

Y4 

Y5 

Y5 

Y7 

Y9 
Yg 

Y10 

Voo 
Y11 

Y12 

Y13 

Y14 
6ND 

Voo 
6NO 

-~··· ... , .. 
Functional Description 

General Information 

The TMC3211 consists of input registers, a pipelined array 
divider, and output !quotient) registers. The 16-bit divisor and 
32-bit dividend input registers can each be loaded indepen­
dently using the two synchronous load enable controls. The 
divider is a 16-stage pipelined non-restoring array which 
produces a 32.-bit quotient and condition flags which indicate 
an attempted division by zero, or operations which yield a 
non-zero remainder or inexact result. The 32-bit parallel 
quotient output register includes three-state output drivers 
with synchronous enable control, which permits multiple 
TMC3211s to be operated in parallel or connected directly to a 
system bus. 

The TM C3211 requires a total of 19 clock cycles to generate a 
full 32-bit quotient result. Once the internal pipeline is full, a 
new quotient is available at the output every clock cycle. 

Signal .Definitions 

Power 

Voo, GND 

Clock 

The TMC3211 operates on a single +5V supply. 
All power and ground lines must be connected. 

CLK The TMC3211 has a single Clock input. All input 
and output signal timing is referenced to the 
rising edge of Clock. 

Inputs 

Y31-0 

X15-o 

Outputs 

031-0 

The 32-bit Dividend is presented through the 
registered Y input port. Y31 is the sign bit. The 
LSB is Yo. 

The 16-bit Divisor is presented through the 
registered X input port. X 15 is the sign bit. The 
LSB is Xo. 

The current Quotient is available on the 
registered a output bus. 031 is the sign bit. 
The LSB is Oo. 

TRW LSI Products Inc. 



TMC3211 

Controls 

YEN Data present at the Dividend input Y31-o is 
latched into the input registers on the rising 
edge of clock when the enable control YEN is 
LOW. 

Data present at the Divisor input X 15-0 is 
latched into the input registers on the rising 
edge of c!ock when the enable control XEN is 
LOW. 

OED The quotient output bus 031-0 and flags DZ 
and REM are in the high-impedance state 

Flags 

DZ 

REM 

when the registered Output Enable OED is HIGH. 
When OED is LOW, they are enabled on the 
next clock cycle. 

Package Interconnections 

Signal Signal 
Type Name F111ction 

Power Voo Supply Voltage 

6NO Ground 

Clock CLK System Clock 

Inputs Y31-0 Dividend Data 

X15_0 Divisor Data 

Outputs Q31-0 Quotient Data 

Controls YEN Dividend Write Enable 
XEN Divisor Write Enable 
OEQ Quotient Output Enable 

Rags oz Divide-By Zero Rag 
REM Inexact Remainder Rag 

No Connect Index Pin 

TRW LSI Products Inc. 

Whenever a zero divisor is input, the resulting 
invalid output quotient will be accompanied by a 
registered Divide-By-Zero Flag HIGH. 

Whenever a division operation leaves a nonzero 
remainder, the resulting quotient is accompanied 
by a registered nonzero Remainder Flag HIGH. 

H5 Package 

B3, A4, A13, 011, F11, 612, J11, K11, 
Lll, L7, L4, L2, J3, 63, F3, C2, C3 
Al, C4, en. C12, E11, H11, L12, M12, 
M11, L5, l3, Nl, K3, H3, 62, E3, 03 

M9 

Ml, Ll, K2, Kl, J2, Jl, H2, Hl, 
Gl, Fl, F2, El, E2, 01, 02, Cl, 

B2, A2, A3, B4, C5, B5, A5, C6, 
B6, A6, A7, C7, B7, AB, BB, CB 

LB, MB, NB, N7, M7, N6, M6, L6, 
N5, M5, N4, M4, N3, M3, N2, M2 

L9, M10, N11, N12, L10, N13, M13, L13, 
K12, K13. J12. J13. H12. H13, Gll, 613, 
F13, F12, E13, E12, 013, 012, C13, B13, 
B12, A12, C10, B11, A11, B10, C9, A10 

B1 
N9 
N10 

B9 

A9 

04 
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TMC3211 

Applications Discussion 

Division Using A Constant 

By utilizing the separate input data register load enable 
controls, the TMC3211 can perform division by a 

Data Formats 

The TMC3211 supports fixed-point two's complement 
data formats. By keeping track of the binary points of 
the input data, the user can then interpret the resulting 

Figure 1. Integer Data Format 

Pin 
y 

x 
Q 

031 

-231 

-231 

030 

230 

230 

029 D28 

229 228 

229 228 

D27 D26 D25 D24 

227 226 225 224 

227 226 225 224 

D23 

223 

223 

Figure 2. Fractional Data Format 

y 

x 
Q 

-20 

.21~ 

.2,1 

.214 

2-2 2-3 

213 212 

2-4 2-5 2-6 2-7 2-B 

211 210 29 28 27 

D22 021 D20 D19 

222 221 220 219 

222 221 220 219 

2-9 2-10 2-11 2-12 

26 25 24 23 

where a leading minus sign indicates a sign bit. 

DIS D17 

218 217 

218 217 

2-13 2-14 

22 21 

Care must be taken when adopting fractional data 
formats. By observing the binary weighting applied to 
the input data in the dividend and divisor, the binary 
point of the quotient can then be correctly established. 
The difference lies only in constant scale factors, which 
must be considered in order to maintain a data format 
which is compatible with the bit weighting of the 
hardware system. The two most common choices are 
fractional and integer notation. If integer notation is 
used, the LSBs of the dividend, divisor, and quotient all 
have the same value. With fractional notation the MSBs 
are all of equal weight. 

Divide by Zero 

The flag DZ indicates that the divisor input for the 
current calculation was a zero, independent of the 
dividend. Dividing by zero is an undefined operation 
yielding a meaningless quotient. Thus, this flag must be 
monitored to guard against possible errors. 

98 

constant. The data currently held remain in the input 
registers until updated by the user. 

quotient properly. Two possible binary weightings of the 
input and output bits are as follows: 

D16 D15 D14 D13 012 D11 010 D9 DB D7 D6 D5 D4 D3 D2 DI DO 

216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

-215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 2-31 

20 

.20 .2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-B 2-9 2-10 2-11 2-12 2-13 2-14 

2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 i-12 i-13 i-14 2-15 

Inexact Results 

The flag REM is provided to indicate that the current 
quotient left a nonzero remainder and was truncated 
toward zero. 

Negative Full-Scale Overflow 

Due to a finite data word width, a two's complement 
overflow error occurs under the following unique 
condition: 

Result: 

Divisor Y = BOOOOOODH (- Full-Scalel 
Dividend X = FFFFH (-11 

Quotient 0= BOOOOODDH (- Full-Scalel 

2-15 

2-16 

As stated above, this is due to a limitation in the number 
of bits available to indicate a positive full-scale quotient. 
and data overflows into the MSB position to indicate an 
incorrect sign. 

TRW LSI Products Inc. 



TMCJ211 

Figure 3. Timing Diagram 

CLKts ~ 1--~ 'H ~•cv--1 
Y31-0 (XX Yo xtXIX Y1 'XXXfX Y2 XXIX:J 

I I I NOTE 1 

X15-0 \ti. Xo xtXIX X1 ~ 

XEN oJlb J:IXXj' '<2000 
YEN oJlk QJOO... tl:IXJ 

I I I 

1131-0• DZ, REM: 

Notes: 
1. Demonstrates division by a constant, G2 ~ Y2/Xl 

2. Assumes OEQ ~ LOW. 

Figure 4. Equivalent Input Circuit 

n SUBSTRATE 

lKQ } n+ 

D2 

p WELL 

.,,. GND 

TRW LSI Products Inc. 

•o 

19 20 

Figure 5. Equivalent Output Circuit 

Voo 

21 

n SUBSTRATE 

Dl 

p+ 

-----<tt---o OUTPUT 

n+ 

02 

p WELL 

.,,. GND 

• 
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TMC3211 

Absolute maximum ratings !beyond which the device may be damaged! 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input Voltage ............................................................................................................................................................................................................................. -0.5 to tv00 + 0.51V 

Output 

Applied voltage 2 ........................................................................................................................................................................................... -0.5 to tv00 + 0.51V 

Forced current 3,4 ......... ................................................................................................................................................................................... 3.0 to 6.DmA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standsd 

Parameter Test Comitions Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 v 

VIL Input Voltage, Logic LOW 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 v 
1oL Output Current, Logic LOW 4.0 mA 

1oH Output Current, Logic HIGH -2.0 mA 

tcv Cycle Time v00 = Min 50 ns 

tpwL Clock Pulse Width, LOW v00 - Min 15 ns 

tpwH Clock Pulse Width, HIGH v00 = Min 15 ns 

ts Input Setup Time 12 ns 

tH Input Hold Time 6 ns 

TA Ambient Temperature, Still Air 0 70 oc 

100 TRW LSI Products Inc. 



TMC3211 

DC characteristics within specified operating conditions 1 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

1000 Supply Current, Quiescent Voo=Max, V1N=OV 5 mA 

loou Supply Current, Unloaded Voo=Max, DE0=5V, f=20MHz 150 mA 

Ill Input Current, Logic LOW Voo=Max, V1N=OV -10 µA 

l!H Input Current, Logic HIGH Voo=Max, v1N=Voo 10 ,,A 

Vol Output Voltage, Logic LOW v00 =Min, loL =Max 0.4 v 
VoH Output Voltage, Logic HIGH v00 =Min, loH =Max 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 µA 

1ozH Hi-Z Output Leakage Current, Output HIGH Voo=Max, v1N=Voo 40 µA 

las Short-Circuit Output Current Voo =Max, Output HIGH, one pin to -150 mA 

ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 pF 

Co Output Capacitance TA=25°C, f=lMHz 10 pf 

Note: 1. Actual test conditions may vary from those shown. but guarantee operation as specified. 

AC characteristics within specified operating conditions 

Temperature Range 

Standard 
Parameter Test Conditions Min Max Units 

to Output Delay 1 Voo =Min, CLOAD = 25pF 35 ns 

tHO Output Hold Time Voo=Max, CLOAo=25pF 5 ns 

Note: 1. Equivalent to trns and tENA of the three-state outputs. 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC3211H5C STD-TA=0°C to 70°C Commercial 120 Pin Plastic Pin Grid Array 3211 H5C 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 101 
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Fixed-Point Arithmetic 
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Floating-Point Arithmetic 

Fixed-point digital signal processor design requires careful attention to dynamic range, limit cycles, and 
overflow conditions. Block floating-point is often used to extend the dynamic range, but it carries with 
it significant bookkeeping overhead. 

TRW offers a broad line of floating point processors, designed to implement signal processing 
algorithms or accelerate computers doing floating-point arithmetic. These devices differ from the well­
know floating-point accelerators used with standard microprocessors (ie., the 80387). The TRW 
products implement a limited instruction set (often no more than add, multiply, and/or divide), and 
execute them much faster than the generic floating-point acclerator. These chips are clearly targeted at 
signal processing applications. 

TRW's processors comply with the IEEE 754 standard floating-point arithmetic format. Addition/ 
subtraction, multiplication, and division are supported. For systems requiring compliance with 
MIL-STD-1750 format, the TMC3202 provides addition, subtraction, and multiplication. 

TRW LSI Products Inc. 



Floating-Point Arithmetic 

Clock 
Rate 1 Power 1 

Product Description Size (MHz) (Watts) Package Grades 2 Notes Page 

TMC3032-1 Floating-Point Multiplier 32-Bit 10 0.21 J3 64 Pin DIP c IEEE-754 Format. J3 
Al 68 Contact CC c 

0.21 J3 64 Pin DIP C, V 
Al 68 Contact CC c 

TMC3033-1 Floating-Point ALU 32-Bit 10 0.21 J3 64 Pin DIP c IEEE-754 Format. J3 
A1 68 Contact CC c 

0.21 J3 64 Pin DIP C, V 
Al 68 Contact CC c 

TMC3200 Floating-Point Multiplier 32134-Bit 10 0.16 G5 89 Pin PGA C, A IEEE-754 w/lnternal Accumulate. J3 

TMC3201 Floating-Point ALU 32134-Bit 0.16 G5 89 Pin PGA C, A IEEE-754 w/Three Port 1/0. J17 

TMC3202 1750A Accelerator 32-Bit 16 0.3 L3 84 Lead CC C, V 8MFLOP, MIL-STD-1750A. J39 

TMC3210 Floating-Point Divider 32-Bit 20 0.3 J4 48 Pin DIP C, V 2.5MFLOP, IEEE-754 Format. J57 

Notes· Guaranteed. See product specifications for test conditions. 

2. A= High Reliability, Tc= -55°C to 125°C. 
C =Commercial, TA= 0°C to 70°C. 
V = MIL-STD-883 Compliant, Tc= -55°C to 125°C 

2 TRW LSI Products Inc. 



TMC3032/3033 

Floating-Point Multiplier and ALU 
32-Bit, 10 Megaflops 

The TMC3032 and TMC3033 are form, fit, and function 
compatible with the WTL 1032 and WTL 1033. Since the 
Tlv1C3032 and Tfv1C3033 are buiit using TRVv"s 
OMICRON-C™ one micron CMOS process, power con­
sumption is greatly reduced. Power supply considerations 
are also eased by the requirement for only a single 
( + 5V) supply voltage. 

The TMC3032 is a digital multiplier which provides the 
product of two normalized floating point numbers. These 
numbers are expressed in the 32- bit single- precision 
format of the IEEE Standard 754, Version 8.0 or 10.0. 
When the three internal pipeline registers are enabled, 
the data throughput rate of the TMC3032-1 is 10 
Megaflops (Million floating point operations per second). 
With the pipeline registers disabled, the TMC3032 -1 
runs at 3 Megaflops. The TMC3032 (like the WTL 1032) 
operates from a single clock. 

The TMC3033 is an arithmetic unit which adds, 
subtracts, and compares floating point numbers expressed 
in the 32- bit 
single-precision format of the IEEE Standard 754. It can 
also convert between floating point and a 24- bit two's 
complement integer fixed point representation. When the 
three internal pipeline registers are enabled, the data 
throughput rate of the TMC3033 -1 is 10 Megaflops. 
With the pipeline registers disabled, the TMC3033 -1 
runs at 3 Megaflops. The TMC3033 (like the WTL 1033) 
operates from a single clock. 

All data and instruction inputs are registered. Each input 
operand enters on a half-width bus on two successive 
rising edges of the clock when enabled by the LOAD 
controls. The synchronous UNLOAD controls enable or 
disable the three - state output buffers and select the 
most or least significant output word. 

TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 

Instruction and mode registers hold data format and 
rounding control signals. Renormalizing, rounding, and 
iimiting iogic ensure proper handling ot special cases and 
correct output 
data formatting. 

Features 
• Exact Replacements For WTL 1032 And WTL 1033 
• Low- Power CMOS Construction, Single + 5V Power 

Supply Operation 
• 10 Megaflop Throughput Rate With The TMC3032-1 

And TMC3033-1 
• Six Additional Functional Instructions Over The 

WTL1033 (TMC3033) 
• Complete IEEE Compare And Compare Magnitude 

Functions (TMC3033) 
• Conforms To IEEE Standard 754 Version 8.0 Or 10.0 
• Available In Commercial And Military Grades 

Applications 
• Matrix Operations And Geometric Transforms 
• Arithmetic Section In Microprogrammed Array 

Processor 
• Arithmetic Element In Systolic Processor 
• Graphics And Image Processing 
• Floating Point Digital Filters And FFTs 
• Radar And Sonar Signal Processor 
• Arithmetic Co- Processor 
• Solids Modeling 

3 

Phone: 16191 457-1000 
FAX 1619) 455-6314 

©TRW Inc. 1990 
40803532 Rev. C-11190 
Printed in the U.S.A. 



TMC3032/3033 

Block Diagram Pipeline Operation 

INPUT 
REGISTERS CLK 

MS ARRAY INPUT 
REGISTERS 

LS ARRAY INPUT 
REGISTERS 

PIPELINE REGISTER J 

OUTPUT REGISTERS 

Block Diagram Flowthrough Operation 

LOAD L 

CLK 

S STATUS 

LOAD L CLOCK CLK 

4 

r---.,_ .. "• 
L__ - _ _r~ "' 

LA LB MOOE 

MS ARRAY INPUT LA 
REGISTERS CKo 

LS ARRAY INPUT 
REGISTERS 

OUTPUT REGISTERS 

LA 

"' 

CLK 

f' 

REGISTER 

S STATUS 

OPERAND A 

OPERAND A 

OPERAND B 

LS 

C RESULT 

OPERAND B 

REGISTER 

MS 

ARRAY 
STAGE 1 

ARRAY 
STAGE 2 

ARRAY 
STAGE 3 

16 

C RESULT 

16 
LS 

16 

FUNCTION F 

FUNCTION F 

UNLOAD U 

MS= Most Significant 
LS a 1.-i Signifie.m: 

UNLOAD U 

u, 

MS = Most Significant 
LS= Least Signific1111 
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Pin Assignments 
Q c:t-NM .. ~ 

~~~~~~~~~<<<<<<~= 
~R~~~~~~~~~~~N~=~ 

CLK 35 

A1 36 
NC 37 1'- - - - - - - - - - - - -, 

Ao 38 I 
I 

L1 39 
I 

41 40 
F3 41 

GND 42 
Top View 

F2 43 
Cavity Down 

F1 44 

Fo 45 
u, 46 

Uo 47 

Co 48 I 
} 

c, 49 ..... _ - - - - - - - - - - - -

C2 50 
GND 51 

~~~~~~~~m=~~~~=~m 

~J~3~3~3~~~~~~~~i > uuuuuu Cl 

68 Contact Chip Carrier - A 1 Package 

Functional Description 

TMC3032 

The TMC3032 consists of four sections: the input stage, the 
significand multiplier/exponent adder, the renormalize/round/limit 
block and the output stage. 

The input stage accepts instructions for loading data, unloading 
loutputtingl data, and performing operations. It consists of five 
registers IL, A, B, F, and UI and control/sequencing logic to 
permit the controlled multiplexing of inputs to the proper 
destinations. 

The multiplier/adder multiplies the significands and adds the 
·exponents to produce a "raw" !possibly unnormalizedl result. 

TRW LSI Products Inc. 

··~·· 
Ag 1 64 A10 
Aa 2 63 A11 
A1 3 82 A12 
Aa 4 61 A13 
A!j 5 60 A14 

17 GND ~ 6 59 A15 
16 82 A3 7 58 Bo 
15 83 A2 8 57 81 
14 NC CLK 9 56 82 
13 84 A1 10 . 55 83 
12 85 NC 11 54 NC 

11 86 Ao 12 53 84 

10 87 L1 13 52 85 
41 14 51 Be Be F3 15 50 87 

89 GND 16 49 Be 
7 810 ~ 17 48 Bg 
6 811 F1 18 47 810 
5 812 Fu 19 46 811 
4 813 u, 20 45 812 
3 814 Uo 21 44 813 

2 815 Cu 22 43 814 

1 S2 
c, 23 42 815 
~ 24 41 52 
C3 25 40 s, 
C4 26 39 Su 
Cs 27 38 C15 
Ce 28 37 C14 
C7 29 36 C13 
Ce 30 35 C12 

Vee 31 34 C11 
Cg 32 33 C10 

64 Lead DIP - J3 Package 

If the significand emerging from the multiplier/adder overflows, 
the renormalizer right shifts the significand and increments the 
exponent. The rounder performs the selected rounding 
operation. The limiter replaces overflowing results with a 
properly signed infinity or maximum normalized value according 
to IEEE convention. In FAST mode, underflowing results are 
replaced with zero. In IEEE mode, they are output in wrapped 
format with the Underflow or Underflow/Inexact flag. 

The output stage consists of registers which are loaded under 
the control of Unload Control Uo. and three-state output 
drivers which are enabled and disabled by Unload Control U1. 

5 
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TMC3033 

The TMC3033 consists of five sections: the input stage, the 
denormalizer, the arithmetic unit, the renormalize/round/limit 
block and the output stage. 

The input stage accepts instructions for loading data, unloading 
(outputting) data, and performing operations. It consists of five 
registers IL, A, B, F and UI and control/sequencing logic to 

permit the controlled multiplexing of inputs to the proper 
destinations. 

The denormalizer shifts the smaller exponent's significand 
rightward. This section also executes the "UNWRAP A" and 
"FIX A" functions. 

The arithmetic unit adds or subtracts the two significands. 

Power 

The TMC3032 and TMC3033 operate from a single +5 Volt 
supply. The TMC3032 and TMC3033 do not require a 3 Volt 
supply on the VDD pins. These pins 111, 541 are not connected 
and permit operation in sockets wired for the WTL 1032 and 
WTL 1033. 

Clock 

The TMC3032 and TMC3033 operate on a single, 
TTL -compatible clock, CLK. All data are loaded into the 
appropriate registers on the rising edge of CLK as controlled 
by the LOAD, FUNCTION and UNLOAD commands. 

Data Inputs 

The TMC3032 and TMC3033 have two 16-bit multiplexed input 
data buses, A15-0 and B15-0· The Most Significant Word 
IMSWI is loaded on the rising edge of CLK which follows the 
assertion of a LOAD instruction, LA or LAB. The Least 
Significant Word ILSWI is loaded on the next rising edge of 
CLK following the loading of the MSW. If the load instructions 
are not changed, consecutive rising edges of CLK will load 
alternating MSWs and LSWs continuously. 

Data Outputs 

The TMC3032 and TMC3033 have a single, 16-bit multiplexed 
output bus with three-state output drivers. The loading of the 
output register is controlled by the Uo instruction. Three-state 
enable/disable is synchronous and is controlled by the U1 
instruction. 

6 

The renormalize/round/limit. block shifts the significand as 
required to produce the IEEE specified normalized or 
denormalized result. Rounding is then performed in this section. 
Finally, the results are limited according to IEEE conventions to 
eliminate overflow and improper handling of underflows. 

The output stage consists of registers which are loaded by Uo, 
and three-state output drivers which are enabled and disabled 
by the U1. 

The TMC3033 arithmetic unit conforms to IEEE Standard 754, 
Version 8.0 or 10.0 data format for standard 32-bit arithmetic. 
The TMC3033 arithmetic unit needs two clock cycles to 
transfer any input or output data word, since the input and 
output buses are 16 bits wide. 

Controls 

The load controls, Lo and L 1, determine how data are 
transferred into the data input registers, A and B, and the 
mode control register. The load controls are read on every 
rising edge of CLK. All data transfers into the A, B and mode 
registers take place on the rising edge of CLK following the 
load controls commanding the data transfer. Since two 
consecutive clock cycles are required to load A or B operands 
into the data input registers, Lo and L 1 must be valid for two 
consecutive clock cycles. 

Unload control Uo determines how data is transferred into the 
output registers. U1 controls the enabling and disabling of the 
three -state output drivers. The unload controls are read on the 
rising edge of CLK. The state of the output drivers will change 
after the next rising edge of CLK following the loading of a 
DAB or ENB instruction on U1. Therefore, two CLK cycles are 
required to enable or disable the three-state drivers. 

The dual-purpose function controls F3-0 and Uo select the 
operational mode !flow-through or pipeline), the rounding and 
underflow modes, and the input data formats !normalized or 
wrapped). The mode controls are read on the rising edge of 
CLK following an LMODE instruction. 

Status Outputs 

The TMC3032 and TMC3033 have three pins which indicate the 
presence of exception conditions in the result in the data 
output register. These flags are valid while both the MSW and 
the LSW are unloaded. Note that these pins are three-state 
under the control of the U1 input. If the magnitude of a 

TRW LSI Products Inc. 
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TMC3033 result is smaller than the smallest normalized IEEE 
number, the TMC3033 produces a denormalized value !with a 
zero exponent). In the IEEE mode, when a TMC3032 product 
magnitude is smaller than the smallest normalized IEEE number 
the TMC3032 produces a normalized but unrounded value with' 
a lnonpositivel "wrapped" exponent. In this case, the UNF and 
UNF+INEX !underflow and underflow with inexact result) status 
flags can be applied to the TMC3033 along with the product 
to generate a properly rounded IEEE "gradual underflow" 
numer:ca! representation. !n FAST mode, underf!owirtg products 
are flushed to zero with the UNF+INEX flag. 

Figure 1. Data Formats 

32-bit floating point !IEEE Standard) 

Instructions 

Function codes 1010 binary through 1111 binary !listed as 
WTL 1033 "Reserved" instructions) have been implemented as 
absolute value and IEEE Comparison instructions. Comparisons 
of infinities follow IEEE Standard 754 Version 8.0 for projective 
and affine modes. For IEEE Standard 754 Version 10.0, the 
affine infinity mode should be selected. 

The FIX A instruction can be used with any user-selected 
type of rounding in the TM C3033, whereas the WTL 1033 
supports only round-toward-zero. When round-toward -zero 
is used, the WTL 1033 and TM C3033 yield the same !correct) 
result. 

SIGN BIT -L HIDDEN BIT AND BINARY POINT I- rEXPONENT FIELD~r-- SIGNIFICAND FIELD-------~ 

s Ei Ea • • • E1 Eg 1. Fzz Fz1 • • • F17 f1& F15 F14 F13 • • • Fz F1 Fg 

~-----MOST SIGNIFICANT WORD L_ LEAST SIGNIFICANT WORD__) 

32-bit floating point values are determined by: 

Exponent Significand Value Name Mnemonic 

255 Not all zeros - Not a number NaN 

255 All zeros 1-llS Infinity INF 

1-254 Any l-11Sl1.Fl2E-127 Normalized number NAM 

0 Not all zeros 1_ 11sm.mE-126 Denormalized number DNRM 

0 Zero 1-llslO.OI Zero ZERO 

Note: The F23 bit of the significand (hidden bit) is always one except for zero and denormalized numbers, when it is zero. 

24-bit fixed point two's complement 

(SIGN EXTENSION FIELD INTEGER FIELD---~ 

Note: The 8-bit sign extension rs a repeat of bit r23, the sign bit of the two's complement representation. Values can range between +223_ 1 
and -223_ 

Table 1. Load Instructions 

00 
01 

10 
11 

TRW LSI Products Inc. 

Mnemonic 

NOP 

LAB 

LA 

LMOOE 

Operalion 

No loading of A, B or mode - Internal registers disabled 

load operands A & B into array from A & B registers 

load only operand A into array from A register 

load only MODE register from F and U registers 

7 
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Table 2. Unload Instructions 

lX 

ox 
XO 

Xl 

Table 3. Mode Instructions 

F3_0 
xxxx 
xxxx 
xxoo 
XXOl 

XX10 
XX11 
xoxx 
XlXX 
oxxx 
1XXX 

Uo 
0 

1 

x 
x 
x 
x 
x 
x 
x 
x 

Table 4. TMC3032 Load Instructions 

0000 

0001 

0010 

0011 

01XX 
lXXX 

Table 5. Status Outputs 

8 

Sz-o 
000 
001 

010 

011 
100 

101 

110 

111 

Mnemonic 

DAB 

ENB 

UMS 

ULS 

Mnemonic 

FLOW 

PIPE 

RN 

RZ 

RP 

RM 

Al 

Pl 
IEEE 

FAST 

Mnemonic 
AxB 

WA x B 

Ax WB 

WA x WB 

Mnemonic 
OK 

INEX 

UNF 

UNF+INEX 

OVF+INEX 

INV 

OIN 
·. 

Pipeline registers are disabled 

Pipeline registers are enabled 

Operation 
Disable output driver (Hi-Z state) 

Enable output driver 

Load output register MSW from array 

Load output register LSW from array 

Oplll'llian 

Round to nearest number, or nearest even number if distances are equal 

Round toward zero (truncate product siiJnificand) 

Round toward positive infinity 

Round toward negative infinity 

Affine infinity (sign preserved) IEEE Standard 754 Version 8.0 or 10.0 

Projective infinity (sign ignored) IEEE Standard 754 Version 8.0 

Gradual Underflow (use wrap for exponent underflow, TMC:ll32 only) 

Rush-to-zero (replace underflowing numbers with zero, TMC3032 only) 

Operation 
Multiply normal~ed A times normal~ed B 

Multiply wrapped A times B 
Multiply A times wrapped B 
Multiply wrapped A times wrapped B 

Reserved 

Reserved 

Exceptions 

No exceptions 

Inexact result 

Exponent underflow 

Exponent underflow and inexact result 

Unused 

Exponent overflow and inexact result 

Invalid operands or invalid operation 

Denormalized operand, TMC3032 

TRW LSI Products Inc. 
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Table 6. TMC3033 Function Instructions 

FJ-0 
0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Now: 

Mnemonic 

WRAP A 

UNWRAP A 

FLOAT A 

FIX A 

A+B 

A-B 

B-A 

IABS Al+ IABS Bl 

ABS IA-Bl 

ABS IA+BI 

COMP A, B1 

-A-B 1 

COMP ABS A, ABS BI 

IABS Al- !ABS Bl I 

IABS Bl- !ABS Al I 

I-ABS AHABS Bl I 

Operation 

Convert a "gradual underflow" denormalized A operand !exponent zero) to normalized form with a 
negative lwrap- around) exponent. Used before multiplying a denormalized number. 

Convert a normalized A operand with a nonpositive !wrap-around) exponent to a denormalized 
number with a zero exponent. Used alter an underflowing multiplication. The LSB of the B 
operand must contain the s0 !inexact) bit from the multiplier STATUS word. 

Convert a 24-bit two's complement integer at the A input to 32-bit normalized floating point. 

Convert 32- bit normalized floating point number to 24-bit integer. All rounding modes usable. 

Add A and B in 32-bit floating point. 

Subtract B from A in 32-bit floating point. 

Subtract A from B in 32-bit floating point. 

Add the absolute values of A and B in 32-bit floating point. 

Take the absolute value of the difference between A and B in 32-bit floating point. 

Take the absolute value of the sum of A and B in 32-bit floating point. 

Compare A and B; result is A-8. Status flags indicate B> A, A=B, A> B. 

Subtract B from minus A, 32-bit floating point. 

Compare the absolute values of A and B; result is IABS Al-IABS Bl. Status flags indicate B> A, 
A=B, A> B. 

Subtract the absolute value of B from the absolute value of A in 32-bit floating point. 

Subtract the absolute value of A from the absolute value of B in 32-bit floating point. 

Subtract the absolute value of B from minus the absolute value of A 32-bit floating point. 

1. These instructions are not implmmintf!il on the. WTL lU:J:J ALU device. 

Table 7. TMC3033 Status Outputs for Comparison Operations 

Sz-o Mnemonic Comparison Result 

000 IOP Invalid operation: one operand is not a number. 

001 A>B A operand greater than B operand. 

010 A-B A operand equal to B operand. 

100 A<B A operand less than B operand. 

Table 8. Multiplication Exception Flags and Outputs 

A Operand B Operand 
ZERO ONRM NRM/WNRM INF NaN 

ZERO OK, ZERO OK, ZERO OK, ZERO INV, NaN INV, NaN 

DNRM OK, ZERO DIN I, ZERO DIN I, ZERO OK, INF INV, NaN 

NRM/WNRM OK, ZERO DIN I, ZERO See Note 2 OK, INF INV, NaN 

INF INV, NaN OK, INF OK, INF OK, INF INV, NaN 
NaN INV, NaN INV, NaN INV, NaN INV, NaN INV, NaN 

Notes 1. In FAST mode, DIN becomes OK. 3. Terms used in this table mclude: 
2. In the case of NRMIWNRM x NRMtWNRM. OK No exceptions raised 

NRM Normalized number. 
DNRM Denormalized number. 

WNRM Wrapped number. 

OVF Output is OVF,+NRM.MAX if IRM,RZI and TRESULT > NRM.MAX 
OVF,-NRMMAX if IRP,RZI and TRESULT < -NRM.MAX 
OVF,+INF if IRN,RPI and TRESULT > NAM.MAX 
OVF,-INF if IRN,RMI and TRESULT < -NRM MAX INEX Inexact result, output differs from infinite precision value. 

UNF: Output is zero wnh UNF or UNF INEX if jTRESULTj < NRM MIN IFAST model 
Output is WNRM with UNF or UNF'INEX if jTRESULTj < NRM.MIN llEEE model 

ELSE: Output is OK or INEX with normalized value 
NRM.MIN :;;;; jTRESULTj :;;;; NRM.MAX 

TRW LSI Products Inc. 

TRESULT Normalized, rounded, true result before limiting. 
NRM.MAX Maximum allowable positive normalized number, 

2+ 128-2+ 104 

NRM.MIN Minimum allowable positive normalized number, 2-126_ 
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Table 9. Conversion of 32-bit Floating Point to 24-bit Fixed Point 

10 

32- Bit Floating Point Operand 
+ 1.XXX .. XXX x 2+ 128 (NaN OR INF) 

+1.XXX .. XXX x 2+23 

+1.111 .. 111 x 2+22 

+1.111 .. 110 x 2+22 

+ 1.000 ... ODO x 20 

+ 1.000 .. ODO x 2-126 

+0.000 ... OD1 x 2-126 (ONRM) 

+0.000 .. ODO x 2-126 (ZERO) 

-0.000 .. 000 x 2-126 (ZERO) 

-0.111 .. 111 x 2-126 !ONRMI 
-1.000 .. 000 x 2-126 

-1.000 .. ODO x 20 

-1.111 .. 110 x 2+22 

-1.111 .. 111 x 2+22 

-1.000 .. ODO x 2+23 Note 1 

-1.000 .. 010 x 2+23 

-1.XXX .. XXX x 2+ 128 I NaN or INF) 

Note: 
1. The indicated operation causes the OVF flag but is actually OK. 

24- Bit Result 
0111 ... 111 

0111 ... 111 
0111 ... 111 

0111 ... 111 

ODO ... OOD1 

000 ... OOOD 

000 .. 0000 

000 ... 0000 

000 ... 0000 

DOD ... 0000 

DOD .. 0000 

1111 .. 111 

1000 ... OD1 

1000 ... OD1 

1000 ... 000 

1000 ... ODO 

1000 ... ODO 

TRW LSI Products Inc. 
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Status 

OVF 

OVF 

INEX 

OK 

• 
• 

OK 

• 
• 
• 

INEX 

• 
• 
• 

INEX 

OK 

OK 

• 
• 
• 

INEX 

INEX 

OK 

OK 

.INEX 

OVF 

OVF 

OVF 



TMCJOJ2/JOJJ 

DNRM and WNRM represent numbers in which the fraction is 
normalized and the exponent is allowed to wrap through the 
biased exponent value of zero. 

Table 10. DNRM and WNRM Floating Point Numbers 
(IEEE Model 

The multiplier accepts wrapped inputs from the ALU over the 
WNRM range. The smallest positive WNRM is 
2-126 x 2-23 = 2-149. The multiplier outputs wrapped 
numbers over the DNRM range. The smallest positive result is 
2-149 x 2-149 = 2-298, 

Package Interconnections 

Signal Signal 
Type Name 

Power Vee 
Ground GND 

Data Inputs A15-0 
B15-0 

Data Outputs C15-0 

Clock CLK 

Controls L1-0 

U1-o 

F3-0 

Flags S2-o 

No Connection NC 

Figure 2. Input and Output Timing 

CLK. CLOCK INPUT 

A,B,F,L,U 
INPUTS 

S, C OUTPUTS 

TRW LSI Products Inc. 

Function 

Positive Supply Voltage 

Ground 

A Operand Input Bus 

B Operand Input Bus 

Result Output Bus 

Timing Reference 

Load Instructions 

Unload Instructions 

Mode/Format Select 

Status Outputs 

None 

Exponent Biased Value Unbiased Value 

255 

234 
232 

85 

-1 

-22 
-23 

-171 

JJ Package 

31 

16 

59-64, 1-8, 10, 12 
42-53, 55-58 

38-32, 30-22 

9 

13, 14 

20, 21 

15, 17-19 

41-39 

11, 54 

-127n -128 

: WNRM 

_;49J_ DNRM 
I 

T_l 
-298 

Al Package 

58 

17, 33, 42, 51, 68 

20-32, 34, 36, 38 

2-13, 15, 16, 18, 19 

65-59, 57-52, 50-48 

35 

39, 40 

46, 47 

41, 43-45 

1, 67, 66 

14, 37 

11 
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Figure 3. Flowthrough Mode Timing 

CLOCK IN 

LOAD IN 

FUNCTION IN 

A, B IN 
OPERANDS 

UNLOAD 

HIGH IMPEDANCE 
STATUS 

C RESULT 
HIGH IMPEDANCE 

ouT~-+-~~+--~--+~~-+-~~+-~--1~~-+~~-1-~~t--~--r: 

i-r--+--ARRAY LATENCY---+--~ 

STATUS 0 

MSO 

""'"E---+---+----+-----t-ILA--+---+----+-----;r-----o-

•o lg 

TIME__. 

Figure 4. Pipeline Mode Timing 

12 

CLOCK 

LOAD 

FUNCTION 

A, 8 
OPERANDS 

UNLOAD 

STATUS 

C RESULT 

IN 

IN 

IN 

IN 

i---+--ARRAY PIPELINE LATENCY---+--~ 
I ' 

i---+---+---+------tLA---t-----+---+--+---..i 

lg 

TIME~ 
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Figure 5. Equivalent Input Circuit Figure 6. Equivalent Output Circuit 

Vee Vee 

n SUBSTRATE 

j 
n SUBSTRATE 

01 01 

1-+ p+ 

OUTPUT 

1Ku~I n+ 

02 n 

p WELL 

.,,. GNO 

y n+ 

02 

p WELL 

.,,. GNO 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage - 0.5 to + 7.0V 

Input Voltage . -0.5 to 1Vcc+5.5VI 

Output 

Applied voltage ..................... .. ............................................................... -0.5 to +5.5V 2 

Forced current ..... . ........................................ -1.0 to 6.0mA 3.4 

Short-circuit duration !single output in HIGH state to ground) . ............................................................................. 1 Second 

Temperature 

Operating, case ......................................................... . .................................................... -55 to 125°C 

junction ......................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ............. .. ..................................................... . ............................................................ 300°C 

Storage ....... ........................................................... ............................................................. -65 to + 150°C 

Notes: Absolute maximum ratings are l1m1ting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions 1s NOT 1mpl1ed Device performance and reliab1l1ty are guaranteed only if the Operating 
Conditions are not exceeded. 

2. Applied voltage must be current l1m1ted to spec1f1ed range, and measured with respect to GND. 

Forcing voltage must be l1m1ted to specified range 

Current is specified as conventional current flowing into the device 

Operating conditions 

Temperature Range 

Standard Military 
Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.50 5.0 5.5 v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

TRW LSI Products Inc. 13 
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DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Military 2 

3032/3033 3032-113033-1 3032 3033 

Parameter Test Conditions Min Max Min 

vlli. Input Voltage, Logic HIGH 2.0 2.0 

VIL Input Voltage, Logic LOW 0.8 

VoH Output Voltage, Logic HIGH Vcc=Min, loH= -2mA 2.4 2.4 

Vol Output Voltage, Logic LOW Vcc=Min, loL =4mA 0.4 

lu Input Leakage Current Vcc=Max, V1N=O to 5V 10 

ILQ Output Leakage Current Vcc=Max, Vour=O to 5V 40 

(Outputs Disabled) 

C1N Input Capacitance Vcc=Max, V1N=O to 5V 15 

Gour Output Capacitance Vee= Max, V1N=O to 5V 15 

(Outputs Disabled) 

1cca Supply Current, Quiescent Vee= Max, V1N=OV 10 

lccu Supply Current, Unloaded Vee= Max, f=lOMHz 40 

Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Contact factory for final values. 

AC characteristics within specified operating conditions 1 

Max Min Max Min 

2.5 25 

0.8 0.8 

2.4 2.4 
0.4 0.5 

10 10 

40 40 

15 15 

15 15 

10 10 

40 50 

Temperature Range 

Standard Military 2 

Max 

0.8 

0.5 

10 
40 

15 

15 

10 

40 

3032/3033 3032-113033-1 3032 3033 

14 

Parameter Test Conditions Min Max Min 

tcy Clock Cycle Time Vcc=Min 62.5 50 

tcH Clock HIGH Time V1H=2.4V 30 20 

tcL Clock LOW Time VIL =0.8V 30 20 

ts Input Setup Time VoH = 2.8V, loH = -1 mA 25 15 

tH Input Hold Time Vol =0.4V, loL =5mA 0 0 

too Output Delay Time CLOAo=50pF 35 

tvo Output Valid Time See Figure 2 10 10 

top Flowthrough Operation Time See Figure 3 375 

tLA Total Flowthrough Latency 565 

top Pipelined Time Per Stage See Figure 4 125 

tLA Total Pipeline Latency 625 

Notes: 1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Contact factory for final values. 

Max Min Max Min Max 

60 60 
25 25 

25 25 

25 25 

2 2 

35 40 40 
8 8 

300 360 360 
450 540 540 

100 120 120 

500 600 600 

TRW LSI Products Inc. 

Units 

v 
v 
v 
v 

µA 
µA 

pf 

pf 

mA 

mA 

Units 

ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 
ns 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC3032J3C STD-TA=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3032J3C 

TMC3032J3C1 STD-TA=0°C to 10°c Commercial 64 Pin Hermetic Ceramic DIP 3032J3C1 

TMC3032J3V1 MIL-Tc= -55°C to 125°C MI L-STD-883 64 Pin Hermetic Ceramic DIP 3032J3V 

TMC3033J3C STD-TA =0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3033J3C 

TMC3033J3C1 STD-TA=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 3033J3C1 
TMC3033J3V I MIL-Tc= -55°C to 125°C MIL-STD-883 64 Pin Hermetic Ceramic DIP 3033J3V 

TMC3032A1C STD-TA =0°C to 70°C Commercial 68 Contact Chip Carrier 3032A1C 

TMC3032A1C1 STD-TA=0°C to 10°c Commercial 68 Contact Chip Carrier 3032A1C1 

TMC3033A1C STD-TA=0°C to 10°c Commercial 68 Contact Chip Carrier 3033A1C 

TMC3033A1C1 STD-TA=0°C to 70°C Commercial 68 Contact Chip Carrier 3033A1C1 

Note: 1. Contact factory for availability. 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 15 
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TMC3200, TMC3201 

CMOS Floating-Point Arithmetic Unit and Multiplier 
32/34 Bits 

The TMC3200, an arithmetic unit, adds and subtracts 
floating-point numbers expressed in IEEE 32-bit single­
prec:s:on format or extended-range 34-bit format. 
Conversions between floating-point and 24-bit two's­
complement integer fixed-point representations are 
provided. Also, an internal accumulate path enhances 
performance in high-speed systems. The TMC3201, the 
multiplier compatible with the TMC3200, generates a 
product of two normalized floating-point numbers. These 
devices meet the floating-point format and operations 
described in Version 100 of IEEE Standard 754. The 
TMC3200 and TMC3201 are built using TRW's 
OMICRON-C™ one-micron CMOS process. 

All data and instruction inputs to the TMC3200 and 
TMC3201 are registered. The input operands of the 
TMC3200 are selected from the input bus, zero or the 
accumulate path. Each input operand enters on a half­
width bus on two consecutive rising edges of the clock. 
Controls are provided to determine the operand selection, 
the arithmetic operation, the data format and the 
rounding mode. Renormalizing, rounding and limiting 
functions are provided on both the TMC3200 and 
TMC3201 to ensure proper handling of special cases and 
to correct output data formatting. Results are output as 
two words on successive clock cycles and emerge 
through a three-state output port. 

Features 

• IEEE Standard 754 Version 10.0 32-Bit Or 
Extended-Range 34-Bit Floating-Point Data Format 

• IEEE Default Unbiased Round-To-Nearest And 
Round-Toward-Zero Modes 

• Three-Bus Architecture For High Throughput 
• Automatic Limiting For Overflow/Underflow Cases 
• Selectable Pipelining 

TRW LSI Products Inc. 
P.O. Box 24 72 
La Jolla, CA 92038 

• All Inputs And Outputs Are Registered And TTL 
Compatible 

• Low Power CMUS Construction 
• Standard/Extended Temperature Range 
• Available In An 88 Pin Grid Array Package 

TMC3200 

• 10 Megaflop Throughput Rate (100ns Pipelined Cycle 
Time) 

• Internal Accumulator Feedback Path 
• Integer Two's-Complement 24-Bit Fixed-Point Data 

Format Conversions 
• Full Conversion Between All Data Formats 
• Flexible Data Source Selection 
• Direct User-Transparent Handling Of Denormalized 

Operands 
• Input Traps For Infinity And Not-A-Number 

TMC3201 

• 8 Megaflop Throughput Rate (125ns Pipelined Cycle 
Time) 

• Input Traps For Infinity, Zero, Not-A-Number And 
Denormalized Numbers 

Applications 

• Matrix Operations And Geometric Transforms 
• Arithmetic Element In Microprogrammed Array 

Processors 
• Graphics And Image Processors 
• Floating-Point Digital Filters 
• Fast Fourier Transforms 
• Radar And Sonar Signal Processors 
• Solids Modeling 
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TMC3200 Functional Block Diagram 

CLK AIN1s-o 

OPERAND A 

SIGN EXPONENT 

11 

MSCI 

18 

SYNC CLK BIN1s-o 

MSCI 

INPUT TRAPS I=, NANA/Bl 

OPERAND B 
OENORMALIZER SECTION 

MSC 

r-SIGNIFICANos---, 

PIPELINE REGISTER 

28 

SIGNIFICANO 

ROUNO/RENORMALIZE/LIMIT 

OUPUT REGISTER 

OUTPUT MULTIPLEXER 

Rls-o 

INSTRUCTION WORD 
Sz-o· M4-o 

ACCUMULATE PATH IU BUSI 

CLK 

ENI 

Sz-o 

IOP. = 
2 

OEN, ZERO, INEX, 
OVF, UNF, IOP 

LSW I FLAG REGISTER 

NANA. NANB, ZERO, 
INEX, OVF, UNF, IOP. OEN 

FT 
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TMC3201 Functional Block Diagram 
AIN16-0 

MSCI 

ENA 

17 

BIN16-0 

ENB 

INPUT TRAPS {oo, ZERO, NANAIB. AIBDEN) 

MSC 

SIGN AC±) SIGN B 

SIGN 

EXPONENT 
ADDER 

11 

PIPELINE REGISTER 

EXPONENT 

RENORMALIZEIROUNO/LIMIT 

OUTPUT REGISTER 
MSW LSW 

OUTPUT MULTIPLEXER 
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SYNC CLK iiiiffi. XTND 

¥ 
MSCI 

REGISTER I 

IOP, INEX, 
OVF, UNF 

4 

FLAG REGISTER 

ADEN, BOEN, NANA, NANB, 
IOP, INEX, OVF. UNF 

FT 

ADEN, BOEN, 
NANA, NANB 

l 
INPUT 
SECTION 

I 

J 
I 
SIGNIFICAND 
MUL TIPLIERI 
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ADDER 
SECTION 

_J 

I 
RENORMALIZE/ 
ROUND/LIMIT 
SECTION 

_J 

l 
OUTPUT 
SECTION 

J 
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TMC3200 Pin Assignments 

88 Pin Grid Array - G5 Package 

Pin 

Bl 

C2 

Cl 

02 

01 

E2 

El 

F2 

Fl 

Gl 

G2 

Hl 

H2 

Jl 

J2 

Kl 

K2 

L 1 

L2 

Ml 

Nl 

M2 

Name 

AIN3 

AIN9 

AIN10 

AIN11 

AIN12 

AIN13 

AIN14 

AIN15 

AIN16 

FT 

GND 

Voo 

S2 

S1 

So 

M2 

Mo 

Mi 

M4 

M3 
ENI 

GND 

':;c1 
() (~1 

g c; 1:-; 
10 (:_1 ~-; 

11 1 :~ C) 

Pin Name 

N2 Voo 
M3 DEN 

N3 NANA 

M4 NANB 

N4 MSC 

M5 IOP 

N5 OVF 

M6 UNF 

N6 INEX 

N7 ZERO 

M7 GNO 

NB Voo 
MB Alfi 
N9 R15 
Mg R14 
NlO R13 
MlO R12 
Nll R11 
Mll R10 
N12 Ag 
N13 Rs 
M12 R7 

Top View 
Cavity Up 

Pin 

M13 

L 12 

L 13 

K12 

K13 

J12 

J13 

H12 

H13 

G13 

G12 

F13 

F12 

E13 

E12 

013 

012 

C13 

C12 

813 

A13 

B12 

() ~~l 

I~~ c\ 

(_~ ~-', 

~) () 

c_~ (_"J 

TMC3200 Functional Description 

Name Pin Name 

NC A12 BIN9 

Voo Bll BIN10 

Voo All BIN11 

R5 BlO BIN12 

R5 AlO BIN13 

R4 89 BIN14 

R3 Ag BIN15 

R2 88 BIN1fi 

R1 AB ENB 

Ro A7 SYNC 

Voo B7 Voo 
GND A6 GND 

iiE 86 CLK 

Bl No A5 ENA 

BIN1 B5 Al No 

BIN2 A4 AIN1 

BIN3 84 AIN2 

BIN4 A3 AIN3 

BIN5 B3 AIN4 

BIN5 A2 AIN5 

BIN7 Al AIN5 

BIN3 B2 AIN7 

The TMC3200 consists of five sections: the input multiplexers 
and registers, the denormalizer, the arithmetic logic unit IALUI 
and pipeline register, the round/renormalize/limit block, and the 
output registers and drivers. 
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TMC3201 Pin Assignments 

88 Pin Grid Array - G5 Package 

Pin Name Pin Name Pin Name Pin Name 

Bl AINs N2 Voo M13 NC A12 Bl Ng 

C2 Al Ng M3 GND L12 Voo 811 BIN10 

Cl AIN10 N3 NANA L 13 Voo All BIN11 
02 AIN11 M4 NANB K12 P5 810 BIN12 
01 AIN12 N4 MSC K13 P5 AlO BIN13 
E2 AIN13 M5 IOP J12 P4 sg BIN14 
El AIN14 N5 OVF J13 P3 Ag BIN15 
F2 AIN15 M6 UNF H12 P2 BB BIN1fi 
Fl AIN16 N6 INEX H13 P1 AB ENB 

Gl FT N7 Voo G13 Po A7 SYNC 

G2 GND M7 GND G12 Voo B7 Voo 
Hl Voo NB NC F13 GND A6 GND 

H2 GNO MB plfi F12 iif 86 CLK 

Jl GND Ng P15 E13 Bl No A5 ENA 

J2 Voo Mg P14 E12 BIN1 85 Al No 
Kl XTND NlO P13 013 8IN2 A4 AIN1 

K2 ANO MlO P12 012 8IN3 84 AIN2 
L 1 GND Nll P11 C13 8IN4 A3 AIN3 
L2 Voo Mll P10 C12 8IN5 83 AIN4 

Ml ADEN N12 Pg 813 8IN5 A2 AIN5 
Nl BOEN N13 P3 A13 BIN7 Al AIN5 

M2 NC M12 P7 812 81Na 82 AIN7 

Input Multiplexers And Registers 

The input section accepts the AIN and BIN operands along 
with the 8-bit instruction word which determines the A and B 
source multiplexer action, the arithmetic section operation, the 
rounding mode and data format of the operands. The clock 
ICLKI is divided by two generating the Most Significant Word 
Clock IMSCll which is used internally for 1/0 multiplexing and 
is also available as an output, the MSC flag. 

The AIN and BIN operands each enter on their respective 
17-bit half-width input buses. Input preload registers latch in 
the data on the input buses on the rising edge of CLK. When 
the enable controls IENA and ENBI for the operand registers 
are LOW and AIN and BIN are selected by MUX A and MUX 
B, the data present in the preload registers and the data 
present on the input bus are simultaneously loaded into the 
operand registers on the rising edge of internal MSCI. The 
Most Significant Word IMSWI must be present on the rising 
edge of CLK which generates the falling edge of MSCI, and 
the Least Significant Word ILSWI must be present on the rising 
edge of CLK which generates the rising edge of MSCI. The 
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synchronization control ISYNCI allows the user to align the 
MSCI signal with the desired phase of CLK. Initially, SYNC 
must be LOW to align the falling edge of MSCI with the rising 
edge of CLK and HIGH to align the rising edge of MSC! with 
CLK. After initial synchronization, alignment of CLK and MSC! 
will remain set as long as SYNC is held HIGH. The pipeline 
register contents are loaded into the operand register B on the 
rising edge of MSC! when ENB is LOW and the feedback 
accumulate path is selected. 

The 8-bit instruction is loaded into the instruction register on 
the rising edge of CLK and must be input at the same time as 
the MSW of the operands with which it is associated. The 
instruction word must be held through both load cycles IMSW 
and LSW input) of the data to which it applies. The instruction 
word is divided into four fields: one to control the operand 
source multiplexers IS2-ol, one to select the data format 
IM2-1I, one to control the arithmetic operation performed 
IM4_3) and one to control the rounding method IMol. Operand 
A can be selected from two possible sources: AIN or zero. The 
B operand can be selected from three possible sources: BIN, 
the accumulate path or zero. The input and output data 
formats may differ and be selected from 32-bit floating-point, 
34-bit floating - point or 24-bit integer fixed-point formats. 
The arithmetic operation performed is selected from A + B, A 
- B, B - A, -A - B, and CONVB !Convert B to a different 
data format). The rounding method is either IEEE 
round- to -nearest !which gives an unbiased error over a 
sequence of operations) or IEEE round-toward-zero, also 
known as truncation. 

The input traps test AIN and BIN for the special cases of 
infinity and Not-A-Number INANl. Internal flags which identify 
these cases are generated. If NAN is found, the NANA or 
NANB flag is set immediately and the output will be NAN 
with the Invalid Operation llOPI flag. Infinity minus infinity 
produces a NAN output and sets the !OP flag. 

Table 1. Multiplexer A And Multiplexer B Control 

000 

001 

010 

011 

100 

101 

110 

111 

A Operand 
AIN 

AIN 

0 

AIN 

Magnitude !AINI 

Magnitude !AINI 

0 

Magnitude !AINI 

B Operand 
BIN 

u 
BIN 

0 

Magnitude !BINI 

Magnitude IUI 

Magnitude !BINI 

0 

Note: 1. The Magnitude function turns olf the sign bit and applies to 
floating-point operands only. 
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Denormalizer 

This section prepares the operands by denormalizing 
!right-shifting) the smaller exponent's significand. This section 
outputs the larger incoming exponent, the sign and the input 
trap status flags. 

Arithmetic Block 

The ALU adds or subtracts the two significands which were 
output from the denormatizer section. The ALU output, 
exponent, sign and !OP flag are transferred to the pipeline 
register on the rising edge of internal MSC! if the Feedthrough 
IFTl control is LOW. When FT is HIGH, the pipeline register is 
transparent. 

Round/Renormatize/Limit Block 

The TMC3200 supports the IEEE default "unbiased 
round-to-nearest" when Mo lroundl is LOW. When Mo is 
HIGH, the device implements "round-toward-zero" which 
truncates the result. The rounding adder operates on the 
output generated from the arithmetic section and outputs the 
result to the renormalizer. 

The renormalizer shifts the rounded significand as necessary 
and adjusts the exponent. The resulting exponent is examined 
for overflow or underflow of the output data format. The 
renormalizer is disabled when converting from floating-point to 
integer and when converting from 34-bit to 32-bit IEEE 
denormalized "gradual underflow" format. 

The limiter replaces overflowing results with a signed infinity 
!full-scale positive or negative integer in fixed model. If the 
output is not in the "gradual underflow" mode, underflowing 
numbers are replaced with zero. A NAN output is triggered 
whenever an illegal operation !infinity minus infinity or NAN 
plus any number) is executed. In all other cases, the limiter 
will pass the result unchanged. The output from the 
round/renormalize/limit section is connected to the output 
register and also may be the input to register B through the 
accumulate path (Li busl, a 34-bit feedback path. 

Output Register And Drivers 

The output section contains a 34-bit output result register, a 
6-bit output flag register, the output multiplexer and the 
output drivers. 

The output registers are clocked by internal MSC!. The 
contents of the registers are the 34-bit output from the limit 
section and the output flags. NANA and NAN B are set when 
their particular input operand is NAN and will remain set until 
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a new legal operand is loaded. The arithmetic section results· 
that are flushed to NANs set the IOP flag but not the NAN 
flags. The remaining flags become valid with their 
corresponding res~lts and remain as long as the associated 
result is in the output register. The flag outputs are always 
enabled independent of the Output Enable IOEI control. 

Table 2. Instruction Decoding 

Instruction Select 

Nm es 

M4-3 
000 

A+8 
00 F2 'F2 

Round 

A-8 
01 F2 'F2 

Round 

B-A 
10 F2 'F2 

Round 

-A-8 
11 Fr• F2 

Round 

1 M0 • Round 
MI • Convert 
M2 • 34-bit 
M3 • Nega1e B 
M4 ~ Negate A 

001 

A+8 
F2 'F2 
Trunc 

A-8 
F2-• F2 

Trunc 

B-A 
F2 'F2 
Trunc 

-A-8 
F2~ F2 

Trunc 

2. For floating-point to fixed-point conversions 
round-toward-zero 1s implemented 

TMC3201 Functional Description 

010 

A+8 

F4 'F2 
Round 

CONV8 

F2 'F4 
x 

CONVB 
I-• F2 

x 

CONV8 
F2 •I 

Trunc 

The TMC3201 consists of four sections: the input registers, the 
significand multiplier/exponent adder and pipeline register, the 
renormalize/round/limit block, and the output registers and 
drivers. 

Input Section 

The input section accepts the AIN and BIN operands along 
with a 2-bit instruction word which determines the data 
format of the operands and the rounding mode. CLK is divided 
by two generating MSCI which is used internally for 1/0 
multiplexing and is also available as an output, the MSC flag. 
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The output multiplexer passes either the MSW or LSW of the 
result to the output drivers. The output multiplexer selects the 
MSW when MSC is HIGH and the LSW when MSC is LOW. 
The output drivers are enabled when OE is LOW and in the 
high-impedance state when OE is HIGH. 

Mode, Round Select 
Mz-o 

011 100 101 110 111 

A+8 A+8 A+8 A+8 A+B 
F4-• F2 F4 'F4 F4-• F4 F2-• F4 FrF4 
Trunc Round Trunc Round Trunc 

CONV8 A-8 A-B CONVB CONVB 

FrF4 F4~F4 F4~ F4 F4~F2 F4~F2 

x Round Trunc Round Trunc 

CONVB B-A B-A CONVB CONVB 
I-• F2 F4 'F4 F4~F4 I • F4 1~F4 

x Round Trunc x x 

CONVB -A-B -A-B CONVB CONVB 
Fri F4-• F4 F4~F4 F4~ I F4~ I 

Trunc Round Trunc Trunc Trunc 

3. F2 and F4 are 32-bit and 34-bit floating-point formats respectively. 

4. I e Integers lf1xed-pointl. 

5. x • Don't care. 

6. Round e Round-to-nearest 

7. Trunc • Round-toward-zero. 

8. For all CONVB "(convert Bl instructions, the A- operand field is ignored. 

The AIN and BIN operands each enter on their respective 
17-bit half-width input buses. Input preload registers latch in 
the data on the input buses on the rising edge of CLK. When 
the enable controls IENA and ENBI for the operand registers 
a1 e LOW, the data present in the preload registers and the 
data present on the input bus are simultaneously loaded into 
the operand registers on the rising edge of internal MSCI. The 
MSW must be present on the rising edge of CLK which 
generates the falling edge of MSCI, and the LSW must be 
present on the rising edge of CLK which generates the rising 
edge of MSCI. SYNC allows the user to align the MSCI signal 
with the desired phase of CLK. Initially, SYNC must be LOW to 
align the falling edge of MSCI with the rising edge of CLK and 
HIGH to align the rising edge of MSCI with CLK. After initial 
synchronization, alignment of CLK and MSCI will remain set as 
long as SYNC is held HIGH. 
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The 2-bit instruction is loaded into the instruction register on 
the rising edge of CLK and must be input at the same time as 
the MSW of the operands with which it is associated. The 
instruction word must be held through both load cycles IMSW 
and LSW inputl of the data to which it applies. The Extended­
Range control IXTNDI selects the data format and Round IRNDI 
controls whether round-to-nearest or IEEE 
round-toward-zero is used. 

The input traps test AIN and BIN for the special cases of 
infinity, zero, NAN and denormalized numbers. If NAN is found, 
the NANA or NANB flag is set immediately and the product 
output will be the product NAN with the IDP flag. 
Multiplication of zero times infinity also produces a NAN output 
and sets the IDP flag. The TMC3201 is not able to process 
denormalized operands and will set the appropriate ADEN or 
BOEN flag. The product output in this case will be zero 
corresponding to the "fast" implementation of IEEE Standard 
754. 

Significand Multiplier/Exponent Adder 

Floating-point multiplication consists of multiplying the fraction 
fields and adding the exponent fields. Since the TMC3201 
operates only on normalized numbers, the 23 bits of each input 
fraction field are input to the multiplier array with the implicit 
"hidden bit" !which is always a one) added. This output is 
latched by the pipeline register which follows the multiplier 
array. 

The A and B exponent fields are added generating a 
two's complement product exponent. The result is passed 
through the pipeline registers and the exponent adjust section 
performs further processing before final output. 

The limiter forces the significand and exponent fields to 
appropriate signed infinities, zero or NAN. Overflow cases are 
forced to signed infinities, underflow and zero cases are forced 
to a signed zero, and illegal operation cases are forced to 
NAN. Also, the two status flags Overflow IOVFI and Underflow 
IUNFI are generated for output in this section. The output of 
this section is a 34-bit field, interpreted as either IEEE 32-bit 
or extended-range 34-bit data. 

Output Register And Drivers 

The output section contains a 34-bit output product register, a 
4-bit output flag register, the output multiplexer and the 
output drivers. 

The output registers are clocked by internal MSCI. The 
contents of the registers are the 34-bit output from the limit 
section along with the output flags. The flags are valid while 
the result is held in the output register except for the NANA, 
NANB, ADEN and BOEN flags. These operand trap flags are 
set when their particular input operand is a NAN or a 
denormalized number and will remain set until a new legal 
operand is loaded. The flags are always enabled independent 
of the DE control. 

The output multiplexer passes either the MSW or LSW to the 
output drivers. The output multiplexer selects the MSW when 
MSC is HIGH and the LSW when MSC is LOW. The output 
drivers are enabled when OE is LOW and in the 
high-impedance state when DE is HIGH. 

Signal Definitions 

Power 

The significand product, the exponent sum, the instructions, the Voo, GND The TMC3200 and TMC3201 operate from a 
single +5 Volt supply. All power and ground 
lines must be connected. 

IOP flag and the product sign are latched into the pipeline 
register on the rising edge of internal MSCI if FT is LOW. 

Renormalize/Round/Limit Section 

The significand is renormalized and passed to the rounding 
adder. If RND is LOW, the TMC3201 will round-to-nearest 
according to the IEEE default standard. If RND is HIGH, the 
significand is truncated (IEEE round-toward-zero). 

The product exponent is checked for overflow or values 
greater than or equal to 255 for IEEE 32- bit format or 511 for 
extended- range 34-bit format. Underflow has occurred if the 
exponent is less than or equal to zero in 32-bit format or 
-512 in extended-range 34-bit format. 
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Data Inputs 

AINm-o, 
BINm-o 

Data Outputs 

Rm-o 

Pm-o 

AIN and BIN are the 17-bit input ports. AINm 
and BINm are the extension bits for 34-bit 
floating-point operation. 

R16-0 is the 17-bit result output port of the 
TMC3200. Rm is the extension bit for 34-bit 
floating-point operation. 

Pm-o is the 17-bit product output port of the 
TMC3201. Pm is the extension bit for 34-bit 
floating-point operation. 
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Clock 

CLK 

Controls 

ENA, ENB 

FT 

24 

The CLK frequency is twice the data throughput 
rate to allow for data multiplexing. All 
operations are with respect to the rising edge 
of CLK. CLK is internally divided by two to 
generate internal MSCI. The rising edge of MSCI 
is coinciden1 with every 01her rising edgP. of 
CLK. 

Enable A !Enable Bl enables register A IBI when 
LOW. Register A IBI is then loaded with the 
output of Multiplexer A !Multiplexer Bl on the 
rising edge of internal MSCI. 

SYNC causes the falling edge of MSCI to be 
coincident with the rising edge of CLK when 
LOW for ts before the rising edge of CLK. This 
signal must go HIGH for the device to operate 
properly. Bringing SYNC LOW with the incoming 
MSW and then HIGH during the LSW will 
initialize the device. 

Output Enable controls the three-state outputs. 
When OE is LOW, the output drivers are 
enabled. When OE is HIGH, the outputs are in 
the high-impedance state. OE does not affect 
the flag outputs and must be held LOW for two 
CLK cycles to obtain a complete output result. 

Feedthrough controls the pipeline register. When 
FT is LOW, the pipeline register is enabled. 
When FT is HIGH, the pipeline register is 
transparent. FT is a DC control. 

Enable Instruction enables register I when LOW 
for ts before the rising edge of CLK. Register I 
is then loaded with an instruction M4-0 and 
S2-o. If ENT is held LOW, the instruction words 
must be valid for two cycles of CLK for a valid 
operation ITMC3200I 

Source decoding selects the A and B operands 
of the TMC3200 by controlling Multiplexer A and 
Multiplexer B. 

These controls !instruction, mode, round seiectl 
define the various ways the TMC3200 operates. 
When Mo is LOW, the result will round-to -

XTND 

Flags 

MSC 

OVF 

UNF 

INEX 

nearest lroundl. When Mo is HIGH, the result 
will round-toward-zero !truncate). M2 selects 
32 or 34-bit formats. When M1 is LOW, M4 
and M3 control the A and B operands. 

Extended-range 34-bit data format is in effect 
when XTND is HIGH. This control signal is 
loaded on every rising edge of CLK. iTiviC3201i 

When Round is LOW, the result will round- to -
nearest. When HIGH, the result will round­
toward-zero or truncate. This control signal is 
loaded on every rising edge of CLK. ITMC32011 

Most Significant Word Clock output synchronizes 
the data output. When the output is enabled 
and MSC is HIGH, the MSW result is present at 
the output. When the output is enabled and 
MSC is LOW, the LSW result is present at the 
output. 

Overflow will go HIGH when a floating-point 
result exponent exceeds the maximum allowed 
or when a full-scale integer result is available 
at the output. 

Underflow will go HIGH when a nonzero result 
is too small to be a normalized floating-point 
number and is available at the output. 

Inexact Result will go HIGH when a result 
fractional part is not exactly equal to the results 
of an infinitely precise calculation and the result 
is available at the output. 

NANA, NANB Not-A-Number A and B flags will go HIGH 
when the A and B operand registers contain 
non-valid IEEE Standard 754 numbers. 

IOP Invalid Operation flag will go HIGH when an 
operation is requested which cannot be properly 
executed for any reason. 

ZERO All operations which result in zero cause this 
flag to go HIGH when the result is available at 
the output. ITMC320DI 
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DEN Denormalize will go HIGH when any result with 
zero exponent and nonzero fraction is available 
at the output ITM C32001 

ADEN, BOEN A and B Operand Denormalized will go HIGH 
when the contents of the respective operand 
register is not a normalized IEEE Standard 754 
number. ITMC32011 

TMC3200 Package Interconnections 

Signal Signal 
Type Name 

Power vDD 
GND 

Data Input AINrn-o 

81Nrn-o 

Data Output Rrn-o 

Clock CLK 

Controls ENA 

ENB 

ENI 

SYNC 

S2-o 

M4-3 

Mz-1 
Mo 
OE 

FT 

Flags MSC 

ZERO 

DEN 

OVF 

UNF 

INEX 

NANA 

NANB 

IOP 

No Connection NC 

TRW LSI Products Inc. 

No Connects 

NC The pin grid array version of the TMC3200 has 
one pin which is not connected internally The 
pin grid array version of the TMC3201 has three 
pins which are not connected internally. 

Function 65 Package 

Supply Voltage Hl, N2, NB, L12, L13, G12, B7 

Ground G2, M2, M7, F13, AB 

A Input Data Fl, F2, El, E2, 01, D2, Cl, C2, 

Bl, B2, Al, A2, 83, A3, 84, A4, B2 

8 Input Data BB, A9, B9, AlO, BlO, All, Bll, A12, B12 

A13, B13, C12, C13, D12, D13, E12, E13 

Result Output Data MB, N9, M9, NlO, MlO, Nll, Ml 1, N12, N13 

M12, K12, K13, J12, J13, H12, H13, G13 

Clock BB 

Enable A Register A5 

Enable B Register AB 

Enable I Register Nl 

Synchronize ALU A7 

Operand Source H2, Jl, J2 

Instruction Select L2, Ml 

Mode Select Kl, L1 

Round K2 

Output Enable F12 

Feedthrough Gl 

MSW Clock N4 

Zero Result N7 

Denormalized Result M3 

Overflow N5 

Underflow MB 

Inexact Result NB 

Not-A-Number A NJ 

Not-A-Number B M4 

Invalid Operation M5 

None M13 
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TMC3201 Package Interconnections 

Signal Signal 
Type Name 

Power vDD 
GND 

Data Input AIN15_0 

BIN15_0 

Data Output p16-0 

Clock CLK 

Controls ENA 

ENB 

SYNC 

XTND 

RND 

OE 

FT 

Flags MSC 

ADEN 

BOEN 

OVF 

UNF 

INEX 

NANA 

NANB 

IOP 

No Connection NC 

Data Format 

The TMC3200 arithmetic unit and TMC3201 multiplier conform 
to IEEE Standard 754, Version 10.0 data format for 32-bit 
arithmetic. These devices also have an extended-range 34-bit 
floating-point format. The two additional bits of the extended 
format are appended to the exponent field. Any two legal 
32-bit operands can be added without generating an overflow 
if the 34-bit extended format is used for output. The ALU 
accumulate path uses the 34-bit extended format. For both 
data formats the arithmetic unit needs only two clock cycles 
to transfer a data word since the input and output buses are 
17 -bit wide. 

Standard IEEE 32-Bit Floating-Point Format 

The IEEE Standard 754, Version 10.0 specifies a 32-bit data 
format for floating-point arithmetic. In this format the MSB 
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Function G5 Package 

Supply Voltage H1, J2, L2, N2, N7, L12, L13, G12, B7 

Ground G2, H2, J1, L 1, M3, M7, F13, AB 

A Input Data F1, F2, E1, E2, 01, 02, C1, C2, B1, B2, 

A 1, A2, B3, A3, B4, A4, B5 

B Input Data BB, A9, B9, A10, B10, All, 811, A12, 

612, A13, 613, C12, C13, 012, D13, E12, E13 

Product Output Data MB, N9, M9, N10, M10, N11, M11, N12, N13 

M12, K12, K13, J12, J13, H12, H13, G13 

Clock BB 

Enable A Register A5 

Enable 8 Register AB 

Synchronization A7 

Extended Precision K1 

Round K2 

Output Enable F12 

Feedthrough G1 

MSW Clock N4 

A Denormalized M1 

B Denormalized Nl 

Overflow N5 

Underflow MB 

Inexact NB 

Not-A-Number A N3 

Not-A-Number B M4 

Invalid Operation M5 

None M2, NB, M13 

(bit 31 I is the sign bit, the next eight bits (bits 30-231 are the 
exponent field, and the 23 LSBs are the fractional significand 
field (bits 22-01. The "hidden bit" completes the 24-bit 
significand. 

Sign Bit 

The MSB carries the sign information. A HIGH for a sign bit 
indicates a negative number and a LOW indicates a positive 
number. 

Exponent Field 

The 8-bit exponent field determines whether the floating-point 
number is a signed infinity, a NAN, a zero, a denormalized 
number or a normalized floating-point number. 

TRW LSI Products Inc. 
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The exponent V3lues 0 and 255 are special. If the exponent 
field is all ones 11111 1111, 255101 and the fraction (bits 22-01 
is zero, the number is evaluated as infinity x I -11S with S 
being the sign bit. Any exponent of 255 with a nonzero 
fraction is a NAN. NANs are generally used to communicate 
error information and have no numerical value. 

When the exponent field is all zeros IOOOO OOOOI and the 
fraction is also zero, the number is a true floating-point zero. 
f\Jcte th31 thi~ d3t3 formm ~t!cvvs both posit:va and negative 
zeros which are computationally treated identically. When the 
exponent is zero and the fraction is nonzero, the number is a 
denormalized floating-point number evaluated as: 

Number= l-11S x 2E-126 x ID.Fl 

where S is the sign bit, E is the value of the exponent field 
(base 10!, and F is the value of the fractional field. 

If the exponent field is neither all zeros nor al! ones, the 
floating-point number is normalized and evaluated as: 

Number = (-1)S x 2E-127 x 11.FI 

Note that the exponent bias has changed from 126 to 127 and 
that 1.0 has been added to the fractional field. The exponent 
can assume values which run from - 126 to + 127 ID to 254 
biased by 1271. Note that both exponent fields of zero and one 
map onto the exponent value of -126. These provisions ensure 
a smooth transition from normalized numbers through gradual 
underflow into the denormalized numbers. 

Fractional Field 

Bits 22-0 comprise the fractional field (mantissa) There is a 
binary point assumed between bit 22 and the implied "hidden" 
bit 23. For a nonzero exponent, the hidden bit assumes a value 
of "1." For a zero exponent, the hidden bit has a value of "O." 
Bit 22 carries a binary weighting of 2-1. The following bits 
carry decreasing binary weights down to the LSB lbit DI which 
carries the weight of 2-23. This is identical to treating the 
fractional part (bits 22-01 like an integer F multiplied by 2-23. 
The fractional part of the floating-point number is either 
0 + F lin the case of a zero exponent), or 1 + F lin the case 
of a nonzero exponent). 

The difference between the smallest normalized number 
(exponent = 1, fractional part = OJ and the largest 
denormalized number (exponent = 0, fractional part= all ones) 
is one LSB. The smallest normalized number is: 
exponent = -126, significand = 1.00 ... 00. The largest 
denormalized number is: exponent = -126, 
significand = 0.11.. 11. 

TRW LSI Products Inc. 

Extended 34- Bit Floating- Point Format 

The 34-bit extended-data format is a superset of the IEEE 
32- bit floating -point format because every number represented 
in the IEEE 32-bit format can be represented in the 34-bit 
format. The MSB lbit 331 is the sign bit; the next ten bits 
(bits 32-231 are the exponent field; and the 23 LSBs are the 
fractional field. 

Sign Bit 

The sign bit (bit 331 signifies the sign of the floating-point 
number. If the sign bit is HIGH, the number is negative. If the 
sign bit is LOW, the number is positive. 

Exponent Field 

As in the 32-bit format, the extreme exponents are special. 
The exponent field is interpreted as a 10-bit two's­
complement integer which can vary from 10 0000 DODO 
1-512101 to 01 1111 1111 1511101. If the fraction is zero with 
an exponent of 511, the floating-point number is a signed 
infinity. A nonzero fraction with an exponent of 511 means 
that the number is a NAN. 

If the exponent is -512, a fraction of zero signifies a true 
floating-point zero. As in the 32-bit format, there are both 
positive and negative zeros. A nonzero fraction with a -512 
exponent signifies a denormalized number. 

II the exponent is any value other than -512 or 511, the .... 
exponent value is the 10-bit two's-complement number minus ~ 
a bias of 127 and the number is evaluated as: 

Number= 1-11S x 2E-127 x 11.FI 

where S is the sign bit, E is the exponent and F is the 
fraction to which the hidden bit of 1 is added. Note that the 
exponents can be in the range of -638 1-511-1271 to 383 
1510-1271 

Two's-Complement 24-Bit Integer Format 

The TM C3200 converts data between the floating -point 
formats and a 24-bit two's-complement integer format which 
is sign-extended to 32 bits. 

Sign Bit 

In the integer format, the bit occupying the position of the 
exponent LSB IEol is the two's-complement MSB/sign bit 
whose weighting is -223. When an integer is output, the sign 
extends this bit through the normal 32-bit floating-point sign 
and exponent fields. The nine MSBs will be all ones for 
negative numbers and zeros for positive numbers. 
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Fraction Field 

The 23-bit floating-point fraction field becomes the magnitude 
portion of the two's,--complement integer. The weighting is 
shifted giving the lSB a weighting of one. The numerical 
interpretation of an integer is: 

22 
I = Ea x 1-2231 + L Fn x 12n1 

n=O 
where Fn is the 23 fraction bits and Ea is the exponent LSB. 
For integer input, the device ignores the 8 MSBs lfloating­
point sign and seven highest exponent bits) plus the 34-bit 
extension bit. 

Application Discussion (TMC3200) 

Comparisons 

One function required of arithmetic systems is the comparison 
of two quantities. The device can perform this function by 
subtracting one IEEE or extended-range number from another 
!the rounding mode is not important for this function). The 
ZERO flag and sign output will reflect the results of the 
comparison of the operands. Normalized and denormalized 
numbers and infinities can be compared. The results will be 
correct in all meaningful cases: two normalized or denormalized 
numbers in any combination, a normalized or denormalized 
number and +/-infinity, and even +infinity compared to 
-infinity. The IOP flag will be HIGH when there is no 
mathematically meaningful order to the inputs. Note that 
magnitudes !absolute values) can be compared by using the 
magnitude function of the source select segment of the 
instruction. 

Table 3. Flags For Comparison Results (Operation A - 8) 

Operand A Operand B Order IOP ZERO Sign 

Norm/Denorm Norm/Denorm A>B 0 0 0 

Norm/Denorm Norm/Deno rm A - B 0 1 x 
Norm/Denorm Norm/Denorm A<B 0 0 1 
+oo Norm/Denorm 0 0 0 

Norm/Denorm +oo 0 0 1 
+oo -00 0 0 0 
-00 +oo 0 0 1 
+oo +oo 1 0 x 
-00 -00 1 0 x 
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Table 4. Flag Interpretation 

IOP ZERO Sign Interpretation 

0 0 0 A>B 
0 0 1 A< B 
0 1 x A - B 
1 x x no mathematical order to inputs, 

e.g. comparison of two negative infinities. 

Reduced Microcode 

The control signals are encoded to lower the device pin count. 
Because this encoding is relatively light, applications that do 
not require the full functionality of the TM C3200 can 
permanently connect many of the control signals resulting in a 
reduced microcode set. 

The IEEE default round-to-nearest mode can be permanently 
selected by connecting Mo to a logic LOW. If the 34-bit 
extended-range mode is not used for inputs or outputs !which 
would be the situation in IEEE standard systems), M2 can be 
permanently connected to a logic LOW. Note that internal 
accumulation is always extended range. If a 32-bit output 
format is selected by the operation and mode controls, the 
flags and outputs are proper for the IEEE standard, but 
internally accumulated results are more accurate than those 
obtained by reducing the sum to 32 bits. This treatment can 
eliminate overflow or underflow errors in long accumulations. If 
magnitude operations are not required, then S2 can be 
permanently connected to a logic LOW. 

These suggestions enable the designer to reduce the number 
of instruction bits with little loss in functionality. 
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Figure 1. IEEE 32-Bit Format 
SIGN BINARY POINT 

~IT \-----EXPONENT "'" I "'"j SIGNIFICAND \ I HIDDEN BIT FRACTION---------------l-

s E1 E5 Es E4 El E2 El Eo H F22 F21 Fzo F19 Frn F11 F16 F15 F14 F13 F12 F11 Flo Fg Fe F1 F5 Fs F4 

I 31 30 29 2e 27 26 25 24 23 22 21 20 19 18 17 16 115 14 13 12 11 10 9 e 7 6 5 4 1 ~ I 
1 ... MOST SIGNIFICANT WORD .... · "" LEAST SIGNIFICANT WORD -----~--i· 

"Not Used 16 15 14 13 12 11 10 9 7 5 4 3 

Exponent Fraction Value Name 

255 Not all zeros -- Not-A-Number 

255 All zeros HIS x oo Signed Infinity 

1 lhrough 254 Any 1-11s x 11.FI x 2E-121 Normalized Number 

0 Not all zeros 1-11S x IO.FI x 2E-126 Denormalized Number 

0 All zeros HIS x 0.0 Zero 

Notes: 
If an illegal operation generates a NAN, then F " 200000H rn the TMC3200 and f " 400000H in the TMC3201. 

2. H, the hidden bit, is one except for zero and denormalized numbers when it 1s zero 

3. E and F are magnitude representations. 

Figure 2. 24- Bit Integer Format 
BINARY POINT f---- UNUSED 

IMSB REPLICATED) 

123 123 123 123 123 123 123 123 123 122 121 120 119 

----------------- 24 BIT INTEGER v 
l1e 117 115 115 114 113 112 111 110 lg le 17 Is 15 14 13 12 11 lo• 

1~ 
30 29 2e 27 26 25 24 23 22 21 20 19 

MOST SIGNIFICANT WORD 
18 17 16

1 
... 15 14 13 12 11 10 9 e 7 6 5 4 2 1 .. o I 

--------·t-· ---------LEAST SIGNIFICANT WORD-------.--.. 

MSW * 123 123 123 123 123 123 123 123 123 122 121 lzo 119 'rn 117 115 

Lsw * 115 114 113 112 111 110 19 le 17 16 15 14 13 12 11 10 

"Not Used 16 15 14 13 12 11 10 9 e 

22 

1. 1 " -z23 123 + I: 21 11 

i " 0 

2. for fixed-point inputs, the sign bit is bit 23, and bits 31-24 are don't care. 

for fixed-point outputs, the sign bit 1s replicated through bits 31-23. 

TRW LSI Products Inc. 29 



TMC3200/3201 

[s I Eg I Ee I Ei I Ee I Es I ~ I E3 I E2 I E1 I !Of'". F22 Fi1 Fio F19 F1s F17 F15 F15 F14 F13 F12 F11 F10 F9 Fe F-i F5 F5 F4 F3 F2 Fl Fo 

1
33 32 31 30 29 28 'l1 26 25 24 23 -'t22 21 20 19 18 17116 15 14 13 12 11 10 9 8 5 4 3 2 1 .. o 1. 

· c MOST SIGNIFICANT WORD-\ • · • LEAST SIGNIFICANT WORD -------'J--i· 
'BINARY POINT 1 

LSW 

16 15 14 13 12 11 10 9 6 5 4 0 

Exponent Fraction Value Name 

511 Not all zeros -- Not-A-Number 

511 All zeros 1_11s x"" Signed Infinity 

-511 through 510 Any (- l)S x (1.A x 2E-127 Normalized Number 

-512 Not all zeros (-l)S x to.A x 2E-126 Denormal~ed Number 

-512 All zeros 1-11s x o.o Zero 

Notes: 
1. If an illegal operation generates a NAN, then F = 200000H in the TMC3200 and F = 400000H in the TMC3201. 

8 . . 

2. E = -29E9 + E 2iEi ltrue exponent = E - 127 as in IEEE Formatl 

i = 0 

22 22 

Significand = 20 + E 2i-23f; if E > -512 Significand = E 2i-23fi if E = -512 

i = 0 i = 0 

3. H, the hidden bit, is one except for zero and denormalized numbers, when it is zero. 

4. F is a magnitude number. 

5. E is a 10-bit two's-complement number. Note that the IEEE exponent is a subset of the extended-range exponent. 

6. S, the sign bit, is in the LSW's MSB position. 

Figure 4. Synchronization Timing Diagram 

CLK 

MSCI \_ 

DATA IN 

DATA OUT 
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Figure 5. TMC3200 Non-Accumulate Mode Without Pipelining Timing Diagram 

CLK 

INPUI 
(AIN. BINI 

FLAGS 
!NANAJB! 

FLAGS 
!ZERO, INEX, 
OVF, UNF, 
IOP, DENI 

MSC 

Figure 6. TMC3200 Non-Accumulate Mode With Pipelining Timing Diagram 

CLK 

INPUT 
IAJN, BIN) 

FLAGS 
fNANAIB! 

FLAGS 
(ZERO, INEX, 
OVF, UNF, 
IOP, DENI 

MSC 
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Figure 7. TMC3200 Accumulate Mode Without Pipelining Timing Diagram 

"' 

INPUT!AINI 

MULTIPWl~R B Sl:l£CT 

!SgWITllSJ:~St"'LOWI ---------~ 

Figure 8. TMC3200 Accumulate Mode With Pipelining Timing Diagram 

"' 

MUlTIPLEXERBSELECT 

tsoW1TH52mS1 ~LDWI ---------~ 

OUTPlfitRI 

Figure 9. TMC3201 Multiplication Mode Without Pipelining Timing Diagram 

32 

ClK 

INPUT 
IAIN, BINI 

FLAGS 
INANAIB, 
AIB DEN) 

MSt 

~-----
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Figure 10. TMC3201 Multiplication Mode With Pipelining Timing Diagram 

CLK 

INPUT 
IAIN, BIN} 

FLAGS 
(NANAJB, 
Al8 DENI ___ ; ~-----~ ~-----~"---

MSC 

Figure 11. Equivalent Input Circuit 

Yoo 

n SUBSTRATE 

p 

n+ } 

'---ou_TP_ur_FLA_"o_~X OUTPUT FLAGS1 x 

Figure 12. Equivalent Output Circuit 

Yoo 

n SUBSTRATE 

01 

p+ -----o OUTPUT 
n+ 

02 

p WELL 

Figure 13. Threshold Levels For Three-State Measurements 

tors o.5V 

THREE-STATE 
OUTPUTS 

TRW LSI Products Inc. 

0.5V 

HIGH IMPEDANCE 

OUTPUT FLAG~ K 
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Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ......................................................................................................................................................................................................................................... -0.5 to + 7 .UV 

Input Voltage ............................................................................................................................................................................................................................... -o.5 to !Vaa + o.51V 

Output 

Applied voltage 2 ............................................................................................................................................................................................ -0.5 to !Vaa + 0.51V 

Forced current3.4 ........................................................................................................ ., .............................................................................................. -1.0 to 6.0mA 

Short circuit duration (single output in HIGH state to ground) .................................................................................................................................... 1 second 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction .................................................................................................................................................................................. , .................................... 175°C 

Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 3DD°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Ternperatwe Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voa Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 
TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

looo Supply Current, Quiescent Voo - Max, VIN - ov. liE - 5V 20 20 mA 

loou Supply Current, Unloaded Voo - Max, f - 16MHz, liE - 5V 30 30 mA 

looL Supply Current, Loaded 2 Voo - Max, f - 16MHz, OE • OV, CLDAD - 40pf 50 50 mA 

l1L Input Curren!, Logic LOW v00 - Max, v1N - av -10 -10 µA 

l1H Input Current, logic HIGH v00 = Max, v1N = v00 10 10 µA 

Vil Input Voltage, logic LOW 0.8 0.8 v 
V1H Input Voltage, logic HIGH TMC32DD 2.1 2.1 v 

TMC3201, !Except CLKI 2.2 2.2 v 
ICLKI 2.4 2.5 v 

Vol Output Voltage, Logic LOW v00 - Min, loL - 4mA 0.4 0.4 v 
VoH Output Voltage, logic HIGH v00 - Min, loH - -2mA 2.4 2.4 v 

~l Hi-Z Output leakage Current, Output LOW Voo = Max, V1N = ov -40 -40 µA 

lozH Hi-Z Output leakage Current, Output HIGH v00 = Max, v1N = v00 40 40 µA 

los Short-Circuit Output Current Voo - Max, Output HIGH, one pin to ground, -100 -100 mA 
one second duration max. 

C1 Input Capacitance TA - 25°C, f - !MHz 15 15 pf 

Co Output Capacitance TA = 25°C, I = !MHz 15 15 pf 

Notes: 
1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Worst case. all inputs and outputs toggling at specified rate. 
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AC characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

'cvP Cycle Time, Pipelined TMC3200, Voo = Min 100 100 ns 

TMC3201, Voo = Min 125 135 ns 

1cvN Cycle Time, Non- Pipelined TMC3200, Voo = Min 200 200 ns 

TMC3201, Voo = Min 250 270 ns 

1PWL Clock Pulse Width, LOW v00 = Min 20 20 ns 

1PWH Clock Pulse Width, HIGH v00 = Min 20 20 ns 

's Input Setup Time TMC3200, !Except ENI, ENA, ENBl 15 20 ns 

IENA, ENBl 0 0 ns 

IENI) 5 5 ns 

TMC3201, !Except ENA, ENB) 15 20 ns 

IENA, ENB) 0 0 ns 

'H Input Hold Time TMC3200, !Except ENI, ENA, ENB) 0 0 ns 

(ENI, ENA, ENB) 15 15 ns 

TMC3201, !Except ENA, ENB) 3 3 ns 

IENA, ENBl 15 15 ns 

'o Output Delay Voo = Min, CLQAD = 40pF 
TMC3200, !Except NANA, NANB) 45 50 ns 

(NANA, NANB) 65 80 ns 

TMC3201, (Except ADEN, BOEN, NANA, NANBl 45 50 ns 

!ADEN, BOEN, NANA, NANBl 100 100 ns 

1HO Output Hold Time V OD = Max. CLOAD = 40pF 10 10 ns 

1ENA Three-State Output Enable Delay I Voo = Min, CLQAD = 40pF 
TMC3200 25 25 ns 

TMC3201 40 50 ns 

1rns Three-State Output Disable Delay 1 V OD = Min, CLO AD = 40pF 
TMC3200 25 25 ns 

TMC3201 30 30 ns 

Note 
1. All transitions are measured at a 1.5V level except for to1s and tENA· 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC3200G5C STD-TA =0°C to 70°C Commercial 88 Pin Grid Array 3200G5C 
TMC3200G5A EXT - Tc= - 55°C to 125°C High Reliability 88 Pin Grid Array 3200G5A 

TMC3201G5C STD-TA=0°C to 10°c Commercial 88 Pin Grid Array 3201G5C 
TMC3201G5A EXT-Tc= -55°C to 125°C High Reliability 88 Pin Grid Array 3201G5A 

A\! p;::~:::imctr:~:; ::G:-:tzjo,ad ir; !h~;; ;;pacificatiu11 cu& yud1c111Lt::t:::J Uy Ji:::-liy11, chcHacterization, sampie testing or IUU'Yo testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 37 



Floating-Point Arithmetic 

38 TRW LSI Products Inc. 



TMC3202 

MIL-STD-1750A Floating/Fixed-Point Accelerator 
32-Bit, 1 OM FLOPS 

The TMC3202 is a floating-point arithmetic unit and 
multiplier which adds, subtracts or multiplies floating­
po1nt numbers expressed in the single-precision 132-bit) 
MIL-STD-1750A format. The TMC3202 also supports 
single-precision 116-bit) integer multiplication !two's 
complement and unsigned) as well as conversion 
between fixed and floating-point formats. The TMC3202 
can perform at a throughput rate of up to 1 OM FLOPS 
!Million Floating-Point Operations Per Second) in pipe­
lined mode. In feedthrough mode !pipeline registers 
transparent), it will operate at a rate of up to 5MFLOPS. 

All data and instruction inputs are registered. The 32-bit 
operands are loaded using 16-bit, half-word input buses. 
The input stage consists of preload registers to permit 
user controlled loading of the operands. The operands 
and controls can be loaded on the rising or falling edge 
of the system clock. Separate enable controls are 
provided to control independently the loading of AIN and 
BIN operands, pipeline modes and output registers. The 
32-bit result is output on a 16-bit output bus as two 
consecutive words using synchronous and asynchronous 
word select and three-state controls. Three status flags 
are included to indicate zero, positive or negative results. 
Three pending interrupt flags are included to indicate 
floating-point overflow, floating-point underflow and 
fixed-point overflow. For diagnostic purposes, the internal 
pipeline register can be configured into a serial scan 
path for off-line scan testing. The TMC3202 is built 
using TRW's OMICRON-C™ one-micron CMOS process. 

speed floating and fixed-point operations. Many digital 
signal processing algorithms such as vector operations, 
matrix arithmetic and Fourier Transforms, in systems 
which require large dynamic range and low signal-to­
noise ratios, will benefit from the TMC3202. 

Features 
• MIL-STD-1750A 32-Bit Floating-Point Addition And 

Multiplication, 16-Bit Fixed-Point Multiplication 
• Conversion Between 32-Bit Floating-Point And 16-Bit 

Integer Fixed-Point Formats 
• 1 OM FLOPS Pipelined Throughput Rate, 5MFLOPS 

Feedthrough Rate 
• Three-Bus Architecture For High Throughput 
• Selectable Pipelining With One, Two Or Three 

Register Latency 
• Serial Scan Mode For Diagnostics !Pipeline Register) 
• Selectable Positive Edge Or Two-Phase 1/0 Clocking 
• All Inputs And Outputs Registered And TTL Compatible 
• Low Power CMOS Construction 
• Available In An 84 Leaded Ceramic Chip Carrier 

Applications 

• Matrix Operations And Geometric Transforms 
• Arithmetic Element In Microprogrammed Array 

Processors 
• Floating-Point Digital Filters 

The TMC3202 floating-point arithmetic unit enhances the • Fast Fourier Transforms 
speed of MIL-STD-1750A processors by performing high- • Radar And Sonar Signal Processors 

• Co-Processor To 1750A Microprocessors 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Phone (619) 457-1000 
FAX (619) 455-6314 
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TMC3202 

Functional Block Diagram 

ENA 

OES ENB 

PHASE ~---<:"ll.T--. 

CLK r,.._ .. ,,,,_,, 
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TMC3202 -~·-· ,,,.,. 
Pin Assignments - 84 Leaded Ceramic Chip Carrier, L3 Package 

AIN10 64 
AIN11 65 
AIN12 66 
AIN13 67 
AIN14 68 
A~ 68 

ENB 70 
ENA 71 
ENi 72 

Yoo 73 
GNO 74 
CLK 75 
OPo 78 
OP1 77 
OP2 78 
OP3 79 
MLS 80 
OES 81 
MLA 82 
DEA 83 
Yoo 84 

lfffffffff~~~lillllii 
ra~;smm~~~~~~~m~~~~~3~ 

PIN 1 IDENTJFJER LOCATED ON 
THE BOITOM OF PACKAGE 

[TOP VIEW) 

Functional Description 

General Information 

The TMC3202 consists of five sections: input registers, 
arithmetic block, pipeline/scan register, renormalize/limit 
section and the output register/multiplexer. 

Input Section 

The input section consists of the operand and instruction/ 
control preload registers. main registers, and the clock 
phase control. 

The input section loads the operands, the enables and 
the 4-bit instruction word. All operands and synchro­
nous controls are loaded into preload registers before 
bei~g transferred to the main instruction and operand 
registers on the subsequent rising edge of CLK. The 
32-bit A and B operands are input on 16-bit wide buses. 
Ope'.and loading is controlled by the enables (ENA, ENBI. 
the !nput feedthrough (FTll and the clock phase (PHASEI 
controls. 
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41 BIN& 
40 BIN5 
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22 R3 
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63 
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(BOTTOM VIEW) 

PIN 1 IDENTIFIER 

\ 84 

21060A 

The PHASE input allows the user to load the preload 
registers on either the rising edge or falling edge of the 
system clock. When the PHASE input is HIGH, the pre­
load clock and the system clock are "in phase" and 
preload registers are loaded on the rising edge of CLK. 
PHASE= LOW causes the preload registers to be loaded 
on. the falling edge of CLK (preload clock becomes CLKI. 
Thi~ control allows the user to input full 32-bit operands 
during one clock period (see Timingl. 

The input feedthrough control (FTll determines the 
loading sequence for the A and B operands (MSW or 
LSW firstl. while the register enables (ENA, ENBI control 
the loading of the 32-bit A and B operands into the 
main registers. To load Register A/B, the first 16 bits are 
loaded into the preload register (MSW or LSWI. with 
ENA/ENB set LOW. The second half of the operand is 
then placed on the AIN and BIN input bus. 
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Input Section (cont.) 

The following rising edge of CLK causes the data in the 
preload register and the data on the AIN !BIN) bus to 
be strobed into the 32-bit main operand register. 

Preload registers are also included for the instruction 
iOP3_0), synchronous output controls (OES, MLS) and the 
scan enable IENS) The Op Code register is used to align 
instructions with data. Loading is controlled by the 
instruction enable (tNT). When INT is LOW, the instruc­
tion register is loaded on the next rising edge of CLK 
and all pipeline registers are enabled. When INT is 
HIGH, loading of the instruction and pipeline registers is 
disabled for the next clock rising edge, allowing execu­
tion to be suspended. The ENS and OES inputs are 
always loaded on the rising edge of CLK. 

Table 1. Preload Register Operation 

Inputs Preload Register Action 

CLK PHASE FTI AM,BM AL, BL IP (Instruction) 

l.. 0 0 load pass load 

l.. 0 1 pass load load 

l.. 1 0 hold pass hold 

l.. 1 1 pass hold hold 
_J 1 0 load pass load 
_J 1 1 pass load load 
_J 0 0 hold pass hold 
_J 0 1 pass hold hold 

Table 2. Main Register Operation 

Inputs Register Operation 

CLK ENI ENA ENB Reg I Reg A Reg B 

_J 0 1 1 load hold hold 
_J 1 0 1 hold load hold 
_J 1 1 0 hold hold load 
_J 1 1 1 hold hold hold 

l.. x x x hold hold hold 
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Other controls are provided for selection of pipelining and 
serial scan modes. The internal pipeline register and the 
output register can each be set for pipelined or feed­
through modes. Setting FTP HIGH makes the internal 
pipeline register transparent and a HIGH on FTO causes 
the output register to be transparent. A LOI/I/ on either 
of the inputs enables the respective register. These 
controls allow the user to select one, two or three 
register delay operation. Changing the feedthrough 
controls IFTI, FTP, FTO) during operation is not recom­
mended. Doing so may cause undefined operation and 
results. 

The ENS control is used to select the scan mode for the 
internal pipeline register. When ENS is LOW, the parallel 
pipeline register becomes a serial shift register for test 
and diagnostics. Detailed operation and formats are 
discussed under the Pipeline/Scan Register section. 

Arithmetic Block 

The arithmetic block performs the operation defined by 
the instruction Op Code IOP3_0). For multiply operations 
the exponents of the A and B operands are added and 
the significands multiplied together before being passed 
to the pipeline register. 

For addition and subtraction, the operand with the 
smaller exponent will have its significand right shifted 
and its exponent incremented until the two exponents 
match. Once the significands are aligned they are 
added/subtracted and the result passes to the pipeline 
register. 

Detailed operation of each instruction is described in 
Table 3. 
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Table 3. TMC3202 Instruction Operation 

OP3_0 Function A-Data B-Oata Result Operation 

0000 A+B FP FP FP Floating-point addition. Result truncated towards negative infinity !per 
MIL-STD-1750A). 

0001 AxB TC TC TC Multiply 16-bit two"s complement integers !uses MSW data fields), with 
32-bit two's complement result. 

0010 AxB TC TC TC I Multiply 16-bit two's complement integers !MSW data field), with 16-bit 
TC result. Fixed-point overflow for products less than 8000H or greater 
1han 7FFFH. 

0011 AxB FP FP FP Floating-point multiply. 

0100 A-B FP FP FP Subtract B from A in floating-point, truncate result towards negative 
infinity !per MIL-STD-1750A). 

0101 AxB TC UM TC Mixed mode integer multiplication with 32-bit two's complement result. 

0110 FLOAT B x TC FP Convert 16-bit fixed-point B to a 32-bit floating-point value with 
truncation towards 0 !per MIL-STD-1750A). 

0111 ABS B x FP FP Absolute value of B. Positive numbers passed, negative numbers two's 
complemented. ABS value of 1800000 7FIH is 17FFFFF 7FIH with FPO flag 
set. 

1000 -A+B FP FP FP Subtract A from B in floating-point, truncate result towards negative 
infinity !per MIL-STD-1750A). 

1001 AxB UM TC TC Mixed mode integer multiplication with 32-bit two's complement result. 

1010 DEN B FP FP FP Right shift !with sign extension) the significand of B according to 
!Exp A-Exp B), truncating towards negative infinity. 

1011 NEG B x FP FP Two's complement B operand. 1800000 7FH - 7FFFFF 7FH with floating-
point overflow, 400000 80H - 000000 OOH with floating-point underflow). 

1100 COMPIA, B) FP FP x Subtract B from A in floating-point and update flags. I Note: R15-0 Output 
is undefined.) 

ZERO POS NEG Result 

0 1 0 A>B 
0 0 1 A<B 
1 0 0 A=B 

1101 AxB UM UM UM Unsigned integer multiplication with 32-bit unsigned magnitude result. 

1110 FIX B x FP TC Convert floating-point B to 16-bit two's complement integer, truncating 
towards 0 !per MIL-STD-1750A). FXO flag set for EXP B>15. 

1111 NORM B x FP FP Normalize floating-point B operand. Normalized numbers are passed 
unchanged, denormalized numbers are normalized before being output. 

Notes Integer multiplication with the least-sign1f1cant 16-bits of the product output on the MSW cycle of R15_0. 

Abbreviations. FP - 32-bit float1ng-pornt numbers represented in Mll-STD-1750A format. 
TC - 16-bit frxed-pornt, two's complement numbers IMIL-STD-1750AI input on MSW ILSW ignored). 

UM - 16-bit f1xed-po1nt. unsigned magnitude numbers input on MSW 
X - Don't Care 
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Pipeline/Scan Register 

The pipefine/scan register is used to store the partial 
product of the arithmetic block and for serial scan 
testing. This register can be made transparent (feed­
through operation) by setting FTP HIGH. When FTP is 
LOW, the register is enabled. In pipelined mode, the data 
will hnld when ENI is HIGH and be updated on the 
rising edge of CLK when tNT is LOW 

Setting ENS LOW converts the data portion of the 
pipeline register into a serial shift (SCAN) register. The 
instruction portion of the register (OP3_0) remains in 
parallel mode. This feature allows the user to shift out 
the current pipeline register contents and shift in/out 

arbitrary bit patterns for test and device verification. 

The pipeline/scan register is a 69-bit register with the 
format shown in Figure 1. Serial inputs are loaded 
through the SI input with the appropriate setup and hold 
time requirements while the serial output of the register 
is available on the SO output. The user may load inputs 
through the normal operand registers and shift out the 
current contents of the scan register or may load 
diagnostic values into the register and read the output of 
the TMC3202 to verify logic. Values shifted into the 
register are used to form the result output as shown by 
Figure 1. 

Figure 1. Scan Register Format 
INPUT A 

30 31 EXPONENT 39 40 INPUT B 65 -...--..... ---. 
STRY R1 R3 RS t------iM LSB MSB t------iM MSB LSB t---~ MSB LSB t---~ R4 R2 RO 

26 

EXPs.o 

Renormalize/Limit Section 

ADDER 

26 

R 3l ·6 

The renormalize/limit section normalizes the significand of 
the result, detects and generates flags for exception 
conditions, and sets the result to maximum or minimum 
values for overflow and underflow respectively. To nor­
malize floating-point results, the significand is shifted left 
and the exponent decremented by one for each position 
shift until the first two bits of the significand differ. If 
the exponent reaches its minimum value before the 
significand is normalized, underflow occurs, both the 
significand and exponent are set to zero, the ZERO and 
floating-point underflow flags (FPU) are set HIGH. 

Floating-point results which have exponents of greater 
than 7FH set the floating-point overflow flag (FPO) HIGH 
and then force the result to 7FFFFF 7FH for positive 
overflow and 800000 7FH for negative overflow. 

Fixed-point multiplication with a 32-bit result can never 
cause an overflow. A fixed-point overflow (FXO) will 
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....----~ 
26 

so 
21152A 

occur, however, in integer multiplication with a 16-bit 
result when the product exceeds 7 FFFH for positive or 
8000H for negative results. Fixed-point overflows may 
also occur as a result of the DENormalize instruction 
when Exp B >Exp A, or the FIX instruction when 
Exp B>15. 

Output Multiplexer, Registers and Drivers 

The 32-bit output register and 6-bit flag register are 
clocked by the rising edge of CLK and enabled by INl. 
The result is output through the three-state 16-bit output 
port. This port uses a 2-to-1 output multiplexer to select 
between the MSW or LSW. Selection of MSW or LSW 
is done using either the synchronous (M LS) or asynchro­
nous (MLA) mux select controls. The data and status 
flags are enabled and disabled using the synchronous 
and asynchronous output enable controls DES and DEA. 
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Output Multiplexer, Registers and Drivers (cont.) 

The output register can be made transparent for feed­
through operation using the Feedthrough Output (FTO) 
control (FTO =HIGH). In pipelined mode (FTO =LOW), the 
output register is clocked on the rising edge of CLK if 
the enable (INT) was LOW during the previous preload 
clock. It holds if ENl was HIGH. 

Signal Definitions 

Power 

VDD· GND The TMC3202 operates from a single + 5V 
supply. All power and ground lines must be 
connected. 

Data Inputs 

AIN15-0 

BIN15-0 

AIN is the 16-bit input bus for the A 
operand. Both the MSW and LSW of the 
operand are loaded through this bus. 

BIN is the 16-bit input bus for the B 
operand. Both the MSW and LSW of the 
operand are loaded through this bus. 

SI Serial input to the pipeline register. This 
input allows data to be serially loaded into 
the pipeline register for test and diagnos­
tics. Data is shifted in on the rising edge of 
CLK. 

Data Outputs 

Controls 

R15-0 The three-state R-bus is used to output INT 

so 

Clock 

CLK 

results from the TMC3202. The output 
multiplexer selects between MSW and 
LSW outputs and the three-state controls 
are used to activate the bus. 

Serial output data. SO is the value shifted 
out of the pipeline register when in serial 
mode (ENS= LOW) Data are shifted out on 
the rising edge of CLK. This output is ENS 
always active. 

The TMC3202 is operated using a single, 
TTL compatible clock for all internal opera­
tions. Data are loaded into preload registers 
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on the rising or falling edge of CLK. All 
other internal operations are referenced to 
the rising edge. When PHASE is set LOW, 
the preload registers are loaded on the 
falling edge of CLK. 

DUAC'C ....J,....,+,..., .......... ;,..,.,...,,., +h..-. ...... 1,.., ..... 1, ,...,....J,...,.... _,:,... .. +h,.., 
I I IH0L Ut:Jltl It Ill It.:> LI It:; t..dULd\ CiU8G tUI LI IC 

preload registers. If PHASE is HIGH, the 
preload registers are loaded on the rising 
edge of CLK. If PHASE is LOW, the preload 
registers are loaded on the falling edge of 
CLK. Setting PHASE LOW allows 32-bit 
operands to be loaded in a single clock 
cycle (16-bit loading on each rising and 
falling edge). 

ENA is a registered enable for register A. 
This input is loaded into the IP preload 
register. When HIGH it enables loading of 
the operand into the main register on the 
first CLK rising edge following the preload 
clock. 

EN B is a registered enable for register B. 
This input is loaded into the IP preload 
register. When HIGH it enables loading of 
the operand into the main register on the 
first CLK rising edge following the preload 
clock. 

INT is a registered enable for the instruc­
tion, pipeline, and output registers. This 
input is loaded into the IP pre load register. 
It determines operation on the next rising 
edge of CLK. When HIGH on the previous 
preload clock, internal operation will be 
disabled for the next rising edge of CLK. 
When LOW, operation is enabled. 

ENS is a registered enable for the serial 
scan mode. It converts the parallel pipeline 
register into a 69-bit serial input, serial 
output shift register to allow testing of the 
internal logic. The instruction pipeline 
remains in parallel mode. It takes effect 
one (PHASE= HIGH) or two (PHASE= LOW) 
clock cycles after being set LOW 
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Controls (cont.) 

OEA, OES Asynchronous IDEA) and synchronous (OES) 
output enables. OES is a registered control 
which enables the result and status flag 
output drivers. OES is loaded into the IP 
preload register and internally registered. 
OEA is the unregistered, asynchronous 
control. These inputs are exclusive-ORed 
to enable ~output. When they differ 
IXOR(OES, OEA) = 1) the outputs are 
enabled; when they are equal (XOR(OES, 
OEA) =DI the output is in high-impedance. 
In normal operation, one signal is wired 
HIGH or LOW and the other is used as the 
output enable. 

MLA, MLS Asynchronous IMLA) and synchronous (MLS) 
output mux selects. MLS is a registered 
control for the selection of MSW or LSW. 
MLS is loaded by the preload clock. MLA 
is an unregistered, asynchronous select. 
These inputs are exclusive-ORed to select 
the 16-bit output word. When they are 
equal (XOR(MLS, MLA)=D) the LSW is 
output. when they differ (XORIMLS, 
MLA) = 1) the MSW is output. In normal 
operation, one signal is wired HIGH or 
LOW and the other used as the output 
mux select. 

OP3_0 Instruction operation code. These bits 
determine the operation to be performed 
by the TM C3 20 2 (see Table 3). The 
instruction is first placed into the preload 
register, then loaded into the main instruc­
tion register if ENT was LOW on the 
previous preload clock. 

FTI Feedthrough control for the A and B 
operand preload registers. FTI determines 
the loading sequence for the main operand 
register. When FTI is LOW, the MSW (AM, 
BM) is loaded into the preload register 
first. When FTI is HIGH, the LSW (AL, BL) 
is loaded first. 

46 

FTP 

FTn 
IU 

Fee.dthrough control for the internal pipeline 
register. When FTP is HIGH, the pipeline 
register is transparent. This control should 
not be changed during operation. 

Feedthrough control for the output register. 
When FTO is HIGH, the output register is 
transparent. This control should not be 
changed during operation. 

Status Outputs 

FPO The floating-point overflow flag indicates 
that the exponent of the floating-point 
result has exceeded 7FH. This flag can be 
used to generate a "pending interrupt" to 
the 1750A processor. 

FPU The floating-point underflow flag indicates 
that the floating-point result is too small to 
be normalized but is not precisely zero. 
When this flag is HIGH, the output has 
been forced to zero by the limiter. This flag 
can be used to generate a "pending 
interrupt" to the 1750A processor. 

FXO Fixed-point overflow flag indicates that the 
16-bit multiplication result exceeds 7FFFH 
(maximum positive) or is less than 8000H 
(maximum negative). This flag will also be 
set for DEN instructions when Exp B >Exp 
A, and for FIX instructions when Exp> 15. 

ZERO This flag is set HIGH if the result of any 
operation results in zero (floating-point or 
fixed-point). Both the exponent and signifi­
cand are set to zero. This flag is also set· 
for underflow conditions, in which the 
limiter forces the output to zero. 

POS This flag indicates that the result is greater 
than zero. 

NEG This flag indicates that the result is less 
than zero. 
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Package Interconnections 

Signal Type Signal Name 

Power Voo 
GND 

Data Input AIN15-0 

BIN15-0 

SI 

Data Output R15-0 

so 

Clock CLK 

Controls PHASE 

ENA 

ENB 

ENI 

ENS 

DEA, DES 

MLA, MLS 

OP3_0 
FTI 

FTP 

FTO 

Flags FPO 

FPU 

FXO 

ZERO 

POS 

NEG 

Data Formats 

The TMC3202 conforms to MIL-STD-1750A (notice 1, 
May 1982) data format for single precision floating­
point and 16-bit fixed-point arithmetic. The TMC3202 

TRW LSI Products Inc. 

Function L3 Package Pins 

Supply Voltage 12, 28, 33, 73, 84 

Ground 1, 11, 27, 32, 52, 74 

A Input 69, 68, 67, 66, 65, 64, 63, 62, 

61, 60, 59, 58, 57, 56, 55, 54 

B Input 50, 49, 48, 47, 46, 45, 44, 43, 

42. 41. 40. 39. 38. 37. 36. 35 

Serial Data Input 34 

Result Output 8, 9, 10, 13, 14, 15, 16, 17, 

18, 19, 20, 21, 22, 23, 24, 25 

Serial Data Output 26 

Clock 75 

Clock Phase Control 52 

Register A Enable 71 

Register B Enable 70 

Instruction Register Enable 72 

Serial Mode Enable 31 

Output Enables 83, 81 

Output Mux Selects 82, 80 

Instruction Op Code 79, 78, 77, 76 

Input Feedthrough Control 51 

Pipeline Feedthrough 30 

Output Feedthrough 29 

Floating-Point Overflow 5 

Floating-Point Underflow 6 

Fixed-Point Overflow 7 

Zero Flag 2 

Positive Flag 3 

Negative Flag 4 

also performs multiplication on unsigned, 16-bit integer 
numbers. 

47 



TMC3202 

Figure 2. MIL-STD-1750A 32-Bit Floating-Point Format 
BINARY POINT 

MSB LSB MSB LSB 

• • • 15 16 • • • 22 23 24 25 26 27 28 29 30 3~ I 
_ ___,, _____ LEAST SIGNIFICANT WORD---~-~. 

The numerical value of a 1750A floating-point number 
can be interpreted as: 

Number = F • 2E 

The two's complement, fractional part IF) is interpreted 
as: 

23 
F = 1-20) • So+E Sn • 12-n) 

n=1 

The exponent, represented as two's complement integer, 
is interpreted as: 

6 
E = 1-2-7) • E1+E En • 12n1 

n=D 

Figure 3. MIL-STD-1750A 16-Bit Fixed-Point Format 
MSB LSB 

I So I S1 I S2 I I s15 I NOT useo 

1-- MSW -.----le - LSW___.j 

21154A 

The TMC3202 supports the MIL-STD-1750A 16-bit fixed­
point multiplication and conversion between fixed and 
floating-point formats. These operations ignore the data 
on the least-significant-half ILSW) of the 32-bit data. The 
1750A single precision, fixed-point format is a 16-bit 
two's complement number, interpreted as: 

Timing 

15 
Number= 1-215). So+E Sn. 2115-n) 

n=1 

The following diagrams show timing for various modes of 
operation. Input timing is independent of the number of 
internal pipeline delays and dependent only on selection 
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of single phase Irising edge loading) or two phase Irising 
and falling edge) input clocking. 

PHASE= FTP= FTO =HIGH 

This mode uses registered inputs while the pipeline and 
output registers are in feedthrough mode. On cycle-2 the 
enable controls are set LOW and MSWo and INSo are 
loaded into preload registers. The next cycle loads LSWo 
and MSWo into main operand registers. The user must 
wait for the output delay Ito) before the result output 
becomes valid. When using the synchronous mux select 
IMLS), the device requires two cycles to output a full 
32-bit result. The maximum operating speed is limited by 
the output delay time Ito). In Figure 4, cycle-3 loads the 
operand register and the output becomes valid after to. 
The following cycle loads the MSW1 into preload 
registers and outputs the second half of result 0. 

Use of the asynchronous mux select IMLA) may allow 
the user to operate the device at higher speeds than the 
tcy specified for FTP= FTO =HIGH. Two phase clocking 
may be preferred when using feedthrough mode !see 
Figure 7). 

PHASE= FTP= HIGH, FTO =LOW 

This mode registers the inputs and has one internal 
pipeline delay. For applications using one pipeline, 
enabling the output register IFTO =LOW) is recom­
mended. The mode FTO =HIGH and FTP= LOW is not 
recommended since no increase in speed is obtained and 
the internal logic delays are greater. Two cycles are 
required to load the 32-bit operands !cycles 1 and 2) 
and the first result appears on the output two cycles 
!cycle 4) plus an output delay Ito) later. 

PHASE= HIGH, FTP= FTO =LOW 

All internal registers are enabled in this mode. Inputs are 
loaded on cycles 1 and 2 and the first result is available 
on the output four cycles !cycle 6) plus an output delay 
ltol later. 
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PHASE=LOW, FTP=FTO=HIGH 

This mode allows the user to load the full 32-bit input in 
one clock period. The first 16 bits (MSWol are loaded 
into preload registers on the falling edge of CLK. The 
next rising edge loads the preload register and the LSW 
data into the main register. The output is valid after the 
delay time (tO) for FTP= FTO =HIGH. Synchronous output 
controls (DES and MLS) are sampled on the clock falling 
edge only. The user may prefer to use the asynchronous 
controls for this mode. 

FTP= HIGH, PHASE= FTO =LOW 

Controls and the first data words are loaded on the 
falling edge of CLK. The next rising edge loads the 

32-bit operand registers and the result is available on 
the output one cycle (cycle 2) and an output delay (to) 
later. Use of FTP=LOW and FTO=HIGH is not recom­
mended since there is no increase in speed and internal 
logic delays are greater. 

PHASE= FTP= FTO =LOW 

Contrn:s are samp:ed and loaded on the CLK falling egue 
along with the first half of the data inputs. The next 
rising edge loads the 32-bit operand registers and the 
result is available on the output two cycles (cycle 2) and 
an output delay later. 

Figure 4. Timing Diagram. Feedthrough Mode, Single Phase Clocking 

CLK 

MSWo LSWo 

I I I 
OP3.o xxxxx INSo 'ttlXtJ. INS1 'ttlXtJ. INS2 'ttlXtJ. INS3 ~,....,.....,.........,. INS4 

1ENA-j I:;: -I i--- to1s -j 10 ~ 
R15.o-------'-"'"Q( MSWo x LSWo x MSW1 x LSW1 )r------0( MSW3 * LSW3 

-Ito~ 1 I -.Jim~ 

™ >-OI 
FLAGS --------1~---FL-AG-So--x ___ F_LA_Gs_1 __ )r------b< FLAGS3 k-

-i 1ENA I!= I -i 1DIS i..-
OES 

OEA 

MLS~ 

MLA 

Notes 1 FTI ~LOW, ENS, PHASE, HP, FTO ~HIGH 21155A 

2. For FTl~HIGH, MSW and LSW are reversed. 
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Figure 5. Timing Diagram, One Pipeline, Single Phase Clocking 

CLK 

~ ":::j 11-1;::: __ 
--- __ -J_1 is~ 

MSWo LSW0 MSW1 

I I 
MSW3 LSW3 

( INSo xxxxxx.,..,....,....,...... INS1 ~ INS2 'IXiXXX INS3 'IXiXXX 
I 

\ __ 1 __ 1 \ ____ ! \ ____ / MLS= \ 
I -1 to t;:: 

FLAGS -------

1

-<XX(<Xt -I tHo I;=-----. ,...-------. ...---
FLAGS0 *'---FL_AG_s _-..Jx'-__ FL_AG_s _ __.X'----

OUTPUT ---------Kxxxxx,...-M-sw-o '""'X 
--\1ENA~ 

LSWo x x LSW2 x __ x 
OES 

Notes: 1. FTI =LOW 
--

2. DEA, MLA, ENS, PHASE= HIGH, FTO =LOW and FTP= HIGH. 

3 FTO =HIGH, FTP= LOW not recommended. 

Figure 6. Timing Diagram, Two Pipeline, Single Phase Clocking 

CLK 

ENi, ENA, 

ENS 

~"~I 11•1;::: ___ 
~ts~ 

LSWo MSW1 
'----'I'----' 

MSWo 

I I I 
( INSo 'IXiXXX INS1 'IXiXXX INS2 xxxxxx--- INS3 'IXiXXX INS4 

MLS .......... = ............... .,......,...,.. ............... ~-"--,1 
\ I /,.-____,\_1 __ 1,,_____, \ 
-\ to I;= -\ tHo I;= 

FLAGS1 

21156A 

I \ 

x FLAGS -------------'-1-~ FLAGSo ¥ -----. 
OUTPUT ---------------boooo< Msw0 X Lsw0 X Msw1 X Lsw1 X'"----.X 

--\tENA~ --
OES 

Notes 1 FTI, FTO, FTP= LOW 
21157A 

Z. DEA, MLA, ENS, PHASE=HIGH. 
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Figure 7. Timing Diagram, Feedthrough Mode, Two Phase Clocking 

CLKJ \ l \ I \ l \ I 
_ _ l--- 1cY2 ~ I I 1~ 1H2 b:= 
-- I ~ I 
ENB ~ 's ~ I I ----J ,s2 ~ 
AIN• 81N2 =< MSWo ~ LSWo x MSW1 x LSW1 "®™.. MSW2 x.--LS-W2""""X 

~tH H I 
OP3.o =<~INS-o ..... ~ INS1 ~ INS2 'm.:ttf.,. INS3 

\_~( 

MSW3 x LSW3 x 
xxxxxx 

--j 1ENA !;;=I -.J 101s r-
R15. 0 -------'-1-0K MSWo ~ LSWo x MSW1 x LSW1 )).-1 ------<~ 

1-to-J-J 'o ~ -.J tm~ 
FLAGS --------(){ FLAGS0 X.....__F_LA_os_1 _ _,)>---------1~ FLAGs2 }-

-.j 1ENA ~I 101s H 
OES 

OEA 

MLS 7llll!/ \,___ ___ ___,/ \'--------'-----
MLA 

Notes: 1. FTI, PHASE=LDW. FTP. FTD=HIGH. 

2. For FTI =LOW, MSW and LSW are reversed. 
21158A. 
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Figure 8. Timing Diagram, One Pipeline, Two Phase Clocking 

CLK \ r · \ 1 \ I \ I \ I 
~::=j R ~tCY2~ ENI, ENA, 

I ENB I, I 
--1 1H2 \- ts~!-

AIN' BIN MSWo LSWo MSW1 LSW1 MSW2 LSW2 MSW3 LSW3 MSW4 

t: --1 t;::: tm 

~ 
«< MSWo ~ LSWo x MSW1 x LSW1 x MSW2 x LSW2 )( 

10 I--- I 
FLAGS «{ FLAG So x FLAGS1 x FLAGS2 )( 

MLA 

21159A 

Notes: 1. FTI, PHASE, MLS=LDW, DEA, ENS= HIGH. 

2. FTP=HIGH, FTD=LDW 

3. FTP= LOW, FTO =HIGH not recommended. 
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Figure 9. Timing Diagram, Two Pipeline, Two Phase Clocking 

CLK \ J,1 \ J,2 \ I \ I 4 \ I 
"~R ~ ... ~ ENI, ENA, 

ENB ~ .. ~ -~~ 
AIN•BIN MSWo LSWo MSW1 LSW1 MSW2 LSW2 MSW3 LSW3 MSW4 

OP3.o 

R1s-o MSW1 x LSW1 x== 
FLAGS FLAGS1 )( 

MLA 

OES 

Note: 1. FTI, PHASE, MLS, FTP, FTO=LOW, ID, ENS= HIGH. 
21160A 

Figure 10. Scan Register Timing 
I 

CLK ~ ts .. 
ENS ~torr= 

<XXXXXXXXXXXXXX 510 ~ s11 x 512 c x SI x SI c 
SI 

Po x P1 x P2 x Slo Sl1 

so 
Note: 1. PHASE=HIGH. 

21161A 
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Figure 11. Equivalent Input Circuit 
Voo 

Figure 12. Equivalent Output Circuit 

Yoo 

n SUBSTRATE n SUBSTRATE 
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n 

pWELL 
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211208 
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02 
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21121A 

Figure 13. Threshold Levels for Three-State Measurements 

THREE-STATE 
OUTPUTS 

21265A 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage .................................................................................... , .................................................................................................... -0.5 to + 7.0V 

Input Voltage ................... , ....................................................................................... : ...................................................................... -0.5 to tvoo + 0.5V) 

Output 
Applied voltage 2 .......•.....•.••..••..........•.••..........••................................................•..................•.••.••........•.•••••••••••.•••.• -0.5 to (Voo+0.5V) 
Forced current 3.4 ...................................................................................... :..................................................................... - 6.0 to 1 O.OmA 
Short-circuit duration (single output in HIGH state to ground) ............................................................ , ............................. 1 Second 

Temperature 

Operating, case .............................................................................................................................................................. -60 to + 130°C 

junction ······································································'."'·································································································· 175°C 
Lead, soldering (10 seconds) .......................................................................................................................................................... 300°C 
Storage ............................................................................................................................................................................ - 65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpwL Clock Pulse Width, LOW 15 15 ns 

tpwH Clock Pulse Width, HIGH 15 15 ns 

ts Input SAt11r Timp tn GLK HIGH 20 2Q ,.o 

ts(L) Input Setup Time to CLK LOW (PHASE= HIGH) 20 20 ns 

tH Input Hold Time to CLK HIGH 3 3 ns 

tH(L) Input Hold Time to CLK LOW (PHASE= HIGH) 5 5 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 

V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 8.0 8.0 mA 

loH Output Current, Logic HIGH -4.0 -4.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

DC characteristics within specified operating conditions 1 

Temperature Range 

Standard/Extended 
Parameter Test Conditions Min Max Units 

1000 Supply Current, Quiescent Voo=Max, V1N=OV 10 mA 

loou Supply Current, Unloaded Voo=Max, OEA=5V, f=20MHz 100 mA 

l1L Input Current, Logic LOW v00 =Max, v1N =av -10 µ.A 

l1H Input Current, Logic HIGH Voo=Max, v1N=Voo 10 µ.A 

Vol Output Voltage, Logic LOW v00 =Min, loL = 8mA 0.5 v 

VoH Output Voltage, Logic HIGH v00 =Min, loH = -4mA 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo=Max, V1N=OV -40 µ.A 

lozH Hi-Z Output Leakage Current, Output HIGH Voo =Max, V1N = Voo 40 µ.A 

las Short-Circuit Output Current Voo =Max, Output HIGH, one pin to -100 mA 

ground, one second duration max. 

C1 Input Capacitance TA=25°C, f=lMHz 10 pF 

Co Output Capacitance TA=25°C, f=lMHz 10 pF 

Note: 1. Actual test conditions may vary from those shown. but guarantee operation as specified. 
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AC characteristics within specified operating conditions 

Temperature Range 

Standard/Extended 
Parameter Test Conditions Min Max Units 

tcv Cycle Time, Single Phase Clock Voo =Min, FTP= L, FTD = L, PHASE= H 50 ns 

Voo =Min, FTP= H, FTO = L, PHASE= H 100 ns 

Voo =Min, FTP= H, FTO = H, PHASE= H 200 ns 

1CY2 Cycle Time, Two Phase Clock Voo =Min, FTP= L, FTO = L, PHASE= L 75 ns 

Voo =Min, FTP= H, FTO = L, PHASE= L 100 ns 

Voo =Min, FTP= H, FTO = H, PHASE= L 200 ns 

to Output Delay Voo =Min, CLOAD = 25pF 
FTO=LOW 35 ns 

FTO= HIGH 200 ns 

ts EL MLA Select to Output Voo =Min, CLOAD = 25pF 55 ns 

tHo Output Hold Time Voo=Max, CLOAo=25pF 5 ns 

tENA Three-State Output Enable Delay 1 Voo=Min, CLOAo=25pF 
DES !Synchronous Enable) 35 ns 
DEA (Asynchronous Enable) 35 ns 

to1s Three-State Output Disable Delay 1 Voo =Min, CLQAD = 40pF 
DES !Synchronous Enable) 35 ns 

DEA !Asynchronous Enable) 25 ns 

Note: L All transitions are measured at a 1.5V level except for t01s and tENA· 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TMC3202L3C STD-TA=0°C to 70°C Commercial 84 Leaded Ceramic Chip Carrier 3202L3C 

TMC3202L3V EXT-Tc= -55°C to 125°C MIL-STD-883 84 Leaded Ceramic Chip Carrier 3202L3V 

All parameters in this specification are guaranteed by design; characterization. sample 
products and specifications witho.ut notice. This information does not convey any license 

or 100% testing as appropriate. TRW reserves the right to change 
patent rights of TRW Inc. or others 

56 TRW LSI Products Inc, 



TMC3210 

CMOS Floating-Point Divider 
32-Bit, 2.5MFLOPS 

The TMC3210 is a CMOS monolithic device which is 
capable of performing a full 32-bit floating-point division 
in 

400 nanoseconds. The floating-point device divides 
normalized numbers expressed in IEEE 32-bit single­
precision format and can also accommodate denormalized 
operands if they are first "wrapped" by a companion 
TMC3033 arithmetic unit. The user can select either 
FAST mode (output zero) or IEEE mode (output a 
wrapped quotient) to handle underflows. With wrapping 
and unwrapping externally provided, the TMC3210 is 
fully compliant with the number format and single­
precision division operation described in Version 10.0 of 
IEEE Standard 754. The TMC3210 is built using TRW's 
OMICRON-C™ one-micron CMOS process. 

All data and instruction inputs are registered. The two 
input operands (divisor and dividend) are each loaded in 
two 16-bit words through the dedicated half-width bus 
and the output is produced in two 16-bit words through 
the dedicated output port. With a clock rate of 20MHz, 
the divider has a 2.5 Megaflop pipelined throughput rate 
with a latency on any given operation of 6 internal clock 
cycles (600ns). Renormalizing, rounding and limiting 
functions are all generated per IEEE specification. The 
output quotient and status flag ports are driven by three­
state buffers. 

Features 
• IEEE Standard 754 Version 10.0 32-Bit Floating-Point 

Data Format 
• 20MHz Bus Clock Rate; 2.5 Megaflop Pipelined 

Throughput Rate 
• IEEE Unbiased Round To Nearest, Round Toward Zero, 

Round Toward Positive Infinity And Round Toward 
Negative Infinity Modes 

• Supports Denormalized Operands/Results Through 
"Wrapping/Unwrapping" By External TMC3033 
Arithmetic Unit 

• Two-Bus Architecture (Dedicated Input And Output) 
Works With Single Bus Or Data Flow Systems 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

• IEEE Exception Flags Including Inexact Result, Overflow, 
Underflow, Divide By Zero, Invalid Operation And 
Denormalized Operands 

• Automatic Limiting For Overflow Or Underflow 
• Input Traps For Infinity, Zero, Not-A-Number And 

Denormalized Operand 
• All Inputs And Outputs Registered And TTL Compatible 
• Low Power CMOS Construction 
• Available In A 48 Pin Hermetic Ceramic DIP 

Applications 
• Graphics And Image Processors 
• Solids Modeling 
• Matrix Operations And Geometric Transforms 
• Microcomputers/Minicomputers 

Functional Block Diagram 

Phone: 1619) 457-1 ODO 
FAX: 1619) 455-6314 

©TRW Inc. 1990 
40G05346 Rev. B-11/90 
Printed in the U.S.A. 
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Functional Block Diagram 
L1-0 

CLK 
REGISTER 
L 

DECODE 

+ LA LB LM 

LM 

LA 
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DIN15-0 

16 
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FLAG 
REGISTER 
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··~·· 
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Pin Assignments 

DIN2 1 48 Voo 
DIN3 2 47 DINt 
DIN4 3 46 DI No 
DIN5 4 45 Voo 
DIN& 5 44 GND 

DIN7 6 43 So 
DI Ne 7 42 s, 
DINg B 41 Sz 

DIN10 9 40 llo 
DIN11 10 39 a, 
DIN12 11 38 02 
DIN13 12 37 03 

GND 13 36 ~ 
DIN14 14 35 05 
DIN15 15 34 Os 

SD 16 33 07 
41 17 32 De 
Lt 18 31 09 
10 19 30 010 
11 20 29 011 

iiE 21 28 012 
CLK 22 27 013 

GND 23 26 014 
GND 24 25 015 

48 Lead DIP - J4 Package 

Functional Description 

General Information 

The TMC3210 consists of five sections: the input registers, the 
input preprocessor, the exponent subtractor/significand divider, 
the round/renormalize/limit block, and the output multiplexer, 
registers and drivers. 

Input Registers 

The input section accepts the data input !DINI operand for the 
divisor 181 or dividend IAI along with an instruction which sets 
the mode (rounding) or format !wrapped or normalized numberl 
depending on the load instructions. The external clock ICLKI 
strobes the DL and OM input preload registers, as well as the 
Load Ill, Instruction Ill and Mode regi8ters. CLK is internally 
divided by two to support an internal pipeline rate which is 
half the external bus clock rate. 

The Most Significant Word IMSWI and the Least Significant 
Word ILSWI of both operands enter through the single 16-bit 

TRW LSI Products Inc. 

half-width input bus. The input preload register DL latches in 
the contents on the bus on the rising edge of CLK. The load 
instruction L 1-0 enables the A, B or Mode register and must 
be input at the same time as the A operand (dividend), 
B operand (divisor) or selected rounding mode instruction 11-0 
respectively. L 1-0 must be held for two clock cycles while the 
MSW and then the LSW of the dividend or divider is loaded. 
The two operands may be loaded in either order, but each 
always enters on two consecutive rising edges of CLK with 
the MSW first. If either operand is not updated, the next 
division will use the respective value from the previous 
operation, facilitating repeated divisions by or into a constant. 

59 



TMC3210 

Table 1. Load Instructions 

L1-o Mnemonic Operation 

00 NOP No loading of A, B, or Mode registers 

01 LA Load register A from OL and OM preload registers 

10 LB Load register B from OL and OM preload registers 

11 LM Load Mode register from I register 

One of the four IEEE rounding modes is selected by 11-0 
when the Mode register is enabled through the LM load 
instruction. During a Load Mode, the Start Divide ISDI control 
selects either FAST or IEEE mode for the handling of 
underflowing results. 

Table 2. Mode Instructions 

'1-0 1 Mnemonic Operation 
00 RN Round to nearest number, or nearest even 

number if distances are equal 
(IEEE Standard 754 default) 

01 RZ Round toward zero !truncate product significand) 

10 RP Round toward positive infinity 

11 RM Round toward negative infinity 

Note: 
1. 11-0 selects the rounding mode during a Load Mode ILMI instruction. 

Table 3. Mode Control 

so 1 

Note: 

Mnemonic 

IEEE 

FAST 

Operation 

Gradual Underflow !wrap exponent 
underflow values) 

Flush -to - zero !replace exponent underflow 
numbers with zero) 

1. SD selects IEEE or FAST mode during a Load Mode ILMI instruction. 

The registered Start Divide control initiates a division. SD must 
remain HIGH for two CLK cycles and may be asserted during 
the loading of the second operand. After SO is exercised, the 
user may load the next set of operands without interfering 
with the operation in progress. Another SD may occur every 
four internal MSCI clock cycles !eight external CLK cycles). 
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The format instructions 11-0 select the dividend and divisor 
format and must be input with the loading of the second 
operand. If only one operand needs to be loaded for a division, 
11-0 is registered at the same time as the operand. Wrapped 
operands are too small to be expressed as standard IEEE 
normalized values, therefore instead of being denormalized with 
an exponent and hidden bit of 0, they are represented with a 
nonpositive two's complement exponent and a hidden bit of 1. 
A wrapped number is normalized, but has a special exponent. 
This special format allows the divider to handle denormalized 
numbers without large on-board normalizing shifters. 

Table 4. Format Instructions 

'1-0 Mnemonic Operation 

00 AIB Divide normalized A by normalized B 

01 WAIB Divide wrapped A by normalized B 

10 A/WB Divide normalized A by wrapped B 

11 WAIWB Divide wrapped A by wrapped B 

Input Preprocessor 

This section includes the input traps which detect infinity, zero, 
not-a-number and denormalized operand to generate the 
appropriate status flag. 

Main Section (Exponent Subtractor/Significand Divider) 

The difference of the exponents and the quotient of the 
significands is computed including the IEEE guard, round and 
sticky bits. This operation requires eight CLK cycles from the 
initial rising edge of SO. To avoid disruption, the next SO must 
not begin for eight CLK cycles. After the unrounded, 
unnormalized intermediate result leaves this section, the user 
may exercise SO to bring in the next set of operands from the 
input block. 

Round/Renormalize/Limit Section 

The significand of the quotient is rounded and readjusted so 
that the Most Significant Bit IMSBI occupies the nominal 
hidden bit position. If necessary, the exponent is adjusted to 
compensate for the renormalization shift. The final exponent is 
compared to the IEEE limits of 0 and 255 to generate the 
appropriate output condition and exception flag S2-o. 

TRW LSI Products Inc. 



TMC3210 

Table 5. Status Outputs 

Sz-o Mnemonic Exceptions 

OOX OK No exceptions 

01X UNF Exponent underflow 

lOX OVF Exponent overflow or divide by zero 

110 INV Invalid operands or invalid operation 

111 DIN Denormalized operand 

Table 6. Divider Exception Flags and Outputs 

A Operand 
(Dividend) B Operand {Divisor) 

ZERO ONRM 

ZERO INV, NaN OK, ZERO 

ONRM OVF, INF INVl, NaN 

NRM/WNRM OVF, INF OVFl, INF 

INF 
NaN 

Notes: 

OK, INF OK, INF 

INV, NaN INV, NaN 

1. In IEEE mode, DIN IS2-o = 1111 1s the status flag output. 

2. In the case of NAMIWNAM divided by NAMIWNAM. 
OVF Output 1s OVF, +NAM.MAX if IAM,RZI and TRESULT > NAM.MAX 

OVF, -NAM.MAX if IAP,AZI and TRESULT < -NRM.MAX. 
OVF, +INF 1f IAN,RPI and TRESULT > NRM.MAX. 
OVF, -INF 1f IRN,AMI and TRESULT < -NAM.MAX. 

UNF Output is zero with UNF if I TRESULT I < NAM.MIN IFAST model. 
Output is WNRM with UNF if I TRESULT I < NAM.MIN llEEE model. 

ELSE: Output is OK with normalized value. 
NAM.MIN ( I TRESULT I ( NRM.MAX. 

3. Terms used in this table include: 
OK = No exceptions raised 

NAM Normalized number 
ONRM = Denormalized number. 

WNAM = Wrapped number. 
INF = Infinity I±, Exponent = FFH, S1gnificand = OOOOOOHI. 

NRM/WNRM 

OK, ZERO 

OK 1, ZERO 

See Note 2 

OK, INF 

INV, NaN 

NaN = Not-A-Number I±, Exponent = FFH, Significand = 600000HI. 

INF 

OK, ZERO 

OK, ZERO 

OK, ZERO 

INV, NaN 

INV, NaN 

TRESULT = Normalized, rounded, true result before limiting. 
NRM.MAX = Maximum allowable positive normalized number 1r 128 - 2+ 104 or Sign = 0, Exponent = FEH, Significand = 7FFFFFHI· 
NRM.MIN = Minimum allowable positive normalized number 12-126 or Sign = 0, Exponent = OlH, Significand = OOOOOOHI· 

NaN 

INV, NaN 

INV, NaN 

INV, NaN 

INV, NaN 

INV, NaN 

In FAST mode, all underflows are forced to zero and the 
underflow flag is generated. In IEEE mode, underflowing values 
are wrapped and the underflow flag is generated. Overflows 
are limited to the infinities for round toward nearest and to 
maximum magnitude normalized values for round toward zero. 

Round toward positive infinity limits the output to a positive 
infinity or a negative limit of maximum magnitude, negative 
normalized number. Round toward negative infinity limits the 
output to a negative infinity or a positive limit of maximum 
magnitude, positive normalized number. 
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Output Multiplexer, Registers and Drivers 

The 32-bit output register and 3-bit flag register are clocked 
by MSCI. The quotient is output through the 16-bit output 
port via the output multiplexer which selects either the MSW 
or LSW. The synchronization of MSW or LSW with CLK is set 
by the LM load instruction. After the SD control is HIGH for 
two CLK cycies to begin a division, the MSW of the quotient 
is output after the 12th rising edge of CLK. The output will 
toggle MSW and LSW with CLK until the quotient from the 
next division is available. The state of the status flags will 
remain set until new exception conditions occur. The output 
drivers are enabled and disabled by the Output Enable IOEI 
control. 

Signal Definitions 

Power 

VDD· GND The TMC3210 operates from a single +5 Volt 
supply. All power and ground lines must be 
connected. 

Data Inputs 

DIN15-0 DIN is the 16-bit input to the preload register 
DL which is loaded on the rising edge of CLK. 
All data operands !dividends and divisors) are 
loaded through the DIN port, MSW followed by 
the LSW. 

Data Outputs 

015-0 0 is the 16-bit output from the output register 
which is clocked by MSCI. The output 
multiplexer is internally synchronized to select 
MSW then LSW of the quotient which is output 
through three-state output drivers. 

Clock 

CLK The CLK frequency is twice the internal clock 
rate to allow for input/output data multiplexing. 
All operations are with respect to the rising 
edge CLK. The A and B input registers, pipeline 
registers and output registers are clocked by 
internal MSCI which is generated by dividing 
CLK by two. 
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Controls 

The Mode/Format Instructions determine the 
rounding mode during a Load Mode, and select 
the input data formats when the operands are 
loaded. The rounding mode controls must be 
held for both CLK cycles during the loading of 
the Mode register. The format coniruis must be 
held for two CLK cycles during the loading of 
the last operand for a division. 

The Load Instructions generate LA, LB and LM 
which enable the A, B and Mode input registers 
respectively. The load controls are read on every 
rising edge of CLK. All data transfers into these 
input registers take place on the rising edge of 
CLK following the load controls commanding the 
data transfer. L 1-0 must be valid for two CLK 
cycles since the MSW and LSW must be loaded 
in two consecutive cycles. The LM instruction 
establishes the internal synchronization of CLK 
with MSCI and should .not be asserted during a 
division. 

ITT Output Enable is a registered control which 
enables the quotient and status outputs when 
LOW. When DE is HIGH, the outputs are in the 
high-impedance state. OE is read on the rising 
edge of CLK. The state of the output drivers 
will change after the next rising edge of CLK. 
Therefore, two CLK cycles are required to 
enable or disable the three-state drivers. 

SD Start Divide is an active HIGH control which 
begins the four MSCI clock cycle division. SD 
must remain HIGH for two CLK cycles and be 
asserted during or after the loading of the last 
operand of the divide. Subsequent SD may 
begin eight CLK cycles after the SD of the 
previous division. During the loading of the 
Mode register, SD selects whether FAST or 
IEEE mode is used in handling underflows. 

Status Outputs 

S2-o The status flags indicate the presence of 
exception conditions with the input operands or 
output quotient. The flags are valid while both 
the MSW and the LSW are output as long as 
the output buffer is enabled. 
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Package Interconnections 

Signal Signal 
Type Name 

Power Voo 
GND 

Data Input DIN15-0 

Data Output 015-0 

Clock CLK 

Controls 11-0 

L1-o 
iiE 
so 

Flags S2-o 

Data Format 

The TMC3210 conforms to IEEE Standard 754, Version 10.0 
data format for 32-bit arithmetic. The divider requires two 
clock cycles to transfer a data word since the input and 
output buses are 16-bit wide. 

Standard IEEE 32-Bit Floating-Point Format 

The IEEE Standard 754, Version 10.0 specifies a 32-bit data 
format for floating-point arithmetic. In this format the MSB 
lbit 311 is the sign bit, the next eight bits lbits 30-231 are the 
exponent field and the 23 LSBs are the fractional significand 
field lbits 22-01. The "hidden bit" completes the 24-bit 
significand. 

Sign Bit 

The MSB carries the sign information. A HIGH for a sign bit 
indicates a negative number and a LOW indicates a positive 
number. 

Exponent Field 

The 8-bit exponent field determines whether the floating-point 
number is a signed infinity, a NaN, a zero, a denormalized 
number or a normalized floating-point number. 

The exponent values 0 and 255 are special. If the exponent 
field is all ones 11111 1111, 255101 and the fraction !bits 22-DI 
is zero, the number is evaluated as infinity x 1-1 JS with 

TRW LSI Products Inc. 

Function J4 Package 

Supply Voltage 45, 48 

Ground 13, 23, 24, 44 

Input Data Word 15, 14, 12-1, 47, 46 

Output Quotient Word 25-40 

Clock 22 

Mode/Format Instructions 20, 19 

Load Instructions 18, 17 

Output Enable 21 

Start Divide 16 

Status Outputs 41-43 

S being the sign bit. Any exponent of 255 with a nonzero 
fraction is a NaN. A NaN is generally used to communicate 
error information such as invalid operation or uninitialized 
memory and has no numerical value. 

When the exponent field is all zeros IDOOO 00001 and the 
fraction is also zero, the number is a true floating-point zero. 
Note that this data format allows both positive and negative 
zeros which are computationally treated identically. When the 
exponent is zero and the fraction is nonzero, the number is a 
denormalized floating-point number evaluated as: .... 

Number = l-1JS x 2E-126 x ID.Fl ~ 

where S is the sign bit, E is the value of the exponent field 
lbase 101 and F is the value of the fractional field. 

If the exponent field is neither all zeros nor all ones, the 
floating-point number is normalized and evaluated as: 

Number = 1-11S x 2E-127 x 11.FI 

Note that the exponent bias has changed from 126 to 127 and 
that 1.0 has been added to the fractional field. The exponent 
can assume values which run from -126 to + 127 ID to 254 
biased by 1271. Note that both exponent fields of zero and one 
map onto the exponent value of -126. These provisions ensure 
a smooth transition from normalized numbers through gradual 
underflow into the denormalized numbers. 
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Fractional Field 

Bits 22-0 comprise the fractional field (mantissa). There is a 
binary point assumed between bit 22 and the implied "hidden" 
bit 23. For a nonzero exponent, the hidden bit assumes a value 
of "1." For a zero exponent, the hidden bit has a value of "O." 
Bit 22 carries a binary weighting of 2- 1. The following bits 
carry decreasing binary weights down to the LSB (bit DI which 
carries the weight of 2-23. This is identical to treating the 
fractional part (bits 22- DI like an integer F multiplied by 2- 23. 
The fractional part of the floating -point number is either 
0 + F lin the case of a zero exponent), or 1 + F (in the case 
of a nonzero exponentl. 

Figure 1. IEEE 32-Bit Floating-Point Format 

SIGN BINARY POINT 

The difference between the smallest normalized number 
(exponent = 1, fractional part = DI and the largest 
denormalized number !exponent = 0, fractional part = all ones) 
is one LSB. The smallest normalized number is: 
exponent = -126, significand = 1.00 ... 00 written as 
exponent = 01 H· significand = OOOODDH. The largest 
denormalized number is: exponent = -126, 
significand 0.11 ... 11 written as exponent = DOH, 
significand = 7FFFFFH. 

BIT !-------EXPONENT "" I '"/ SIGNIFICAND 
~ I HIODEN BIT FRACTION-------------i 

s E1 E5 E5 E4 E3 E2 El Eo H. F22 F21 F20 F19 F1e F17 F15 F15 F14 F13 F12 F11 F10 F9 Fe F7 F5 F5 F4 F3 F2 Fl Fo 

1 ... 
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 I 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 ~ I 

>-· _,._ _____ MOST SIGNIFICANT WORD .. · '" LEAST SIGNIFICANT WORO------»-~· 

MSW s E1 E5 E5 E4 E3 E2 El Eo F22 F21 F2o F19 Fm F17 F15 

LSW F15 F14 F13 F12 F11 F10 F9 Fe F7 F5 F5 F4 F3 F2 Fl Fo 

15 14 13 12 11 10 9 8 7 6 5 3 2 1 0 

Exponent Fraction Value 

255 Not all zeros --

255 All zeros (-11S x oo 

1 through 254 Any 1- llS x 11.FI x 2E-127 

0 Not all zeros 1-l)S x ID.Fl x 2E-126 

0 All zeros 1-118 xo.o 

Note: 
1. H, the hidden bit, is one excep1 for zero and denormalized numbers when it is zero. 

64 

Name Mnemonic 

Not-A- Number NaN 

Signed Infinity INF 

Normalized Number NRM 

Denormalized Number DNRM 

Zero ZERO 

TRW LSI Products Inc. 



TMC3210 

Figure 2. Timing Diagram 

Figure J. Equivalent Input Circuit 

n SUBSTRATE 

1KQ } n+ 

02 

p WELL p WELL 

.,.. GND 

Figure 5. Threshold levels For Three-State Measurement 

CLK 

THREE-STATE 
OUTPUTS 

TRW LSI Products Inc. 

Figure 4. Equivalent Output Circuit 
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TMC3210 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to 1v00 +0.51V 

Output 

Applied voltage2 .............................................................................................................................................................................................. -0.5 to IVoo +0.51V 

Forced current 3, 4 ............................................................................................................................................. ....................................................... - 1.0 to + 6.0mA 

Short-circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GNO. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 
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TMC3210 

DC characteristics within specified operating conditions 1 

., 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

loon Supply Current, Quiescent Voo - Max, v1N - ov 10 10 mA 

loou Supply Current, Unloaded Voo = Max, OE = 5V 

I = 20MHz 50 70 mA 

I = lOMHz 25 35 mA 

l1L Input Current, Logic LOW v00 = Max, v1N - ov -10 -40 µA 

l1H Input Current, Logic HIGH v00 = Max, v1N = v00 10 40 µA 

V1L Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

Vol Output Voltage, Logic LOW v00 = Min, loL - 4mA 0.4 0.4 v 
VoH Output Voltage, Logic HIGH Voo = Min, loH - -2mA 2.4 2.4 v 

lozL Hi-Z Output Leakage Current, Output LOW Voo = Max, VIN = OV -40 -40 µA 

loZH Hi-Z Output Leakage Current, Output HIGH v00 - Max, v1N - v00 40 40 µA 

los Short-Circuit Output Current Voo = Max, Output HIGH, one pin to ground, -100 -120 mA 

one second duration max. 

C1 Input Capacitance TA = 25°C, I = 1MHz 10 10 pf 

Co Output Capacitance TA = 25°C, I = 1MHz 10 10 pf 

Note: 
1. Actual test conditions may vary from those shown, but guarantee operation as specified. 

AC characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

tcv Cycle Time v00 = Min 50 55 ns 

1PWL Clock Pulse Width, LOW v00 = Min 30 35 ns 

tpwH Clock Pulse Width, HIGH v00 - Min 15 15 ns 

's Input Setup Time 15 15 ns 

'H Input Hold Time 0 3 ns 

to Output Delay Voo - Min, CLOAD - 40pf 20 25 ns 

1HO Output Hold Time Voo - Max, CLOAD - 40pf 5 5 ns 

tENA Three-State Output Enable Delay 1 Voo = Min, CLOAD - 40pf 20 25 ns 

1rns Three-State Output Disable Delay 1 Voo - Min, CLOAD = 40pf 25 30 ns 

Note: 
1. All transitions are measured at a 1.5V level except for trns and tENA· 
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TMC3210 -~·-· ,,, .. 
Ordering Information 

68 

.·. ·.· 

Product Temperature Range Screening Package Package 
Number Mer king 

TMC3210J4C srn-·T A= o•c to 10°c Commercial 48 Pin Hermetic Ceramic DIP 3210J4C 
TMC3210J4V EXT-Tc= -ss•c to 12s0 c MIL-STD-883 48 Pin Hermetic Ceramic DIP 3210J4V 

All parameters contained in this specification are guaranteed by design, characterizatmn, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convei any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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Memory/Storage 

Signal processing puts extraordinary demands on memory and storage elements. The high speeds 
involved call for multi-port memories. Asynchronous system interfaces need high-speed FIFO buffers. 
The highly pipelined architectures require a variety of short, wide, variable delays to compensate 
unequal data paths. At times, long delays are needed. 

TRW provides solutions to all of those problems with special-purpose memories and storage elements. 
The TDC1005/TDC1006 shift registers are basic long, fast serial storage elements. The TDC1030 FIFO 
provides a flexible asynchronous interface. For equalization problems, the TMC2011/2111 are an easy 
solution, with a byte-wide architecture and fully-programmable lengths up to 18 words. The TMC3220 
3-port Register file (one write with two simultaneous reads) will relieve dataflow bottlenecks. 

TRW LSI Products Inc. 



Memory/Storage -~·-· II ff 

Clock 
Rate 1 Power. 1 

Pr.oduct Descriptiort Size (MHz) (Watts] Package Grades 2 Notes Page 

TDC1005 Shift Register 64x2 Bit 25 0.6 BS 16 Pin DIP c Expandable/Cascadable. K3 
24 0.6 BS 16 Pin DIP A 

TDC1006 Shift Register 256x 1 Bit 25 0.7 BS 16 Pin DIP c Expandable/Cascadable. KS 
24. 0.7 BS 16 Pin DIP A 

TDC10!! Programmable Digital Delay 3-18x8 Bit 18 0.8 B2, B7 24 Pin DIP c Also 21-36 x 4 Split Mode: K15 
C3 28 Contact CC c 

15 1.1 B2, B7 24 Pin DIP A 
C3 28 Contact CC A 

TMC2011 Programmable Digital Delay :i-lBxB Bit 30 0.2 B2 24 Pin DIP c Also 21-36 x 4 Split Mode. K37 
28 0.2 B2 24 Pin DIP V, SMD 

C3 28 Contact CC V, SMD 

TMC2111 Programmable Digital Delay 1-16x8 Bit 30 0.2 B2 24 Pin DIP c K37 
28 0.2 B2 24 Pin DIP V, SMD 

C3 28 Contact CC V, SMD 

TMC3220 Three Port Register File 32x8 Bit 20 0.15 J4 48 Pin DIP C, V 1 Write, 2 Read Ports K45 

Notes: 1. Guaranteed. See product specifications for test conditions. 

2. A=High Reliability, Tc= -55°C to 125°C. 
C=Commercial, TA=0°C to 70°C. 
V=MIL-STD-883 Compliant, Tc= -55°C to 125°C 
SMD=Available per Standardized Military Drawing, Tc= -55°C to 125°C. 
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TDC1005 

Serial Shift Register 
Dual 64-Bit 

The TRW TDC1005 is a dual 64-bit positive-edge­
triggered serial shift register which operates at 25MHz. 
This device is cascadaoie in the number of words and 
the word size. 

Complementary TTL outputs Q and TI are provided. The 
two data inputs in each shift register, DD and 01, are 
controlled by a data select input, OS. This provides on­
chip recirculate gating when the true output is hard­
wired to one of the inputs. 

Features 
• 25MHz Guaranteed Clock Frequency 
• Fully TTL Compatible 

Functional Block Diagram 

DOA 

eLK A 

eLK e 

eLK B 

DDe 

Die 

DSe 

Vee 

GND 

> .. 
) ... 

TRW LSI Products Inc. 
PO Box 2472 
La Jolla, CA 92038 
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ii 
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ii 

• True and Complementary Outputs 
• Proven Hiqh-Reliability Radiation Hard Bipolar Process 
• Single + 5V Power Supply 
• Available In A 16 Pin CERDIP 
• Horizontal And Vertical Cascadability 

Applications 

• High-Speed Data Acquisition 
• First-In First-Out Data Buffers 
• Coefficient Storage For FIR Filters 
• Digital Delay Lines 
• Local Storage Registers 

D ll 

ii ii 
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ep 

D ll 

ii ii 

2 
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Phone (619) 457-1000 
FAX: (619) 455-6314 
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TDC1005 ii~·· 
Functional Block Diagram 

DSA 64 

DIA 
Q D Q D Q QA 

D 
ii ii ii ii ii iiA 

DOA CP CP CP 

CLK A 

CLK C 

CLK e 

DOe CP CP CP 

Q D Q 
D 

D Q De 

Die ii ii ii ii ii iie 

DSe 
64 

Vee > • 
GND > • 

Pin Assignments 

NC 1 16 Vee 
De 2 . 15 DA 
lie 3 14 QA 

DSe 4 13 DSA 
019 5 12 D1A 
DDe 6 11 DOA 

CLK B 7 10 CLK A 
GND 8 9 CLK C 

16 Pin CERDIP - 89 Package 
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TDC1005 

Functional Description 

General Information 

The TDC1005 is a positive-edge-triggered dual 64-bit serial 
shift register. One of two data inputs !DO and 01 I is selected 

Power 

The TDC1005 operates from a single _,.5 Volt power supply. 

Name Functioo 

Vee Positive Supply Voltage 

GND Ground 

Data Inputs 

The TD Cl 005 has two data inputs per block, !DOA and DOB, 
DlA and DlBI. 

Name Function 

DOA Data Input D, Block A 

DIA Data Input 1, Block A 

DOB Data Input 0, Block B 

D1B Data Input 1, Block B 

Data Salact 

Two data select controls, one for Block A IDSAl and one for 
Block B IDSBI, are provided to select between inputs 0 and 1. 

Name Function 
DSA Block A Data Select 

DSB Block B Data Select 

Data Outputs 

Complementary outputs Q and TI are provided for the TDC1005. 

Name Function 
QA Data Output Block A 

by the Data Select control IDSI. Complementary outputs Q and 
IT are available. 

Value J9 Package 

+5.0V Pin 16 

o.ov Pin 8 

Value J9 Package 
TTL Pin 11 

TTL Pin 12 

TTL P'm 6 

TTL Pin 5 

The 0 input is selected when OS is LOW; the 1 input is 
selected when OS is HIGH. 

Value J9 Package 

TTL Pin 13 

TTL Pin 4 

Valua J9 Package 
TTL Pin 15 

iiA Data Output !Inv.I Block A TTL Pin 14 

OB Data Output Block B TTL Pin 2 
iiB Data Output !Inv.I Block B TTL Pin 3 

TRW LSI Products Inc. 5 



TDC1005 

Clocks 

The TDC1005 has three clock inputs ICLK A, CLK B, CLK Cl 
which are combined to provide the clock signals for the two 
blocks. Block A is clocked by the logical OR of CLK A and 

CLK C. Block B is clocked by the logical OR of CLK B and 
CLK C. This allows the two blocks to be clocked either · 
independently or simultaneously. 

Name Function Value 

CLK A Clock A 

CLK B Clock B 

CLK C Clock C 

No Connects 

Pin 1 on the TDC1005 is not connected internally. This pin may 
be left unconnected. 

Name Function 

NC No connection 

Figure 1. Timing Diagram 

CLOCK __ { \_· _{ ~ 
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m 
TTL 
TTL 
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Open 

J9 Package 

Pin 10 
Pin 7 
Pin 9 

J9 Package 
Pin 1 . 

Figure 2. Input/Output Schematics Figure 3. Test Load for Delay Measurement (TypicaQ 
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TDC1005 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage ................................................................................................................................................................................................................................................. 0 to +5.5V 

Output 

Applied voltage !measured to GND) ............................................................................................................................................................................ 0 to +5.5V2 

Applied current, externally forced ....................................................................................................................................................................... -1.0 to 6.0ma3,4 

Short circuit duration !single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -55 to + 150°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering 110 seconds) .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes· 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. forcing voltage must be limited to specified range. 

4. Current 1s specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 
tpw Clock Pulse Width 18 18 ns 

ts Input Register Setup Time 7 7 ns 

tH Input Register Hold Time 10 10 ns 

Vil Input Voltage, logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

10L Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air o 70 oc 

Tc Case Temperature -55 125 oc 

TRW LS.I Products Inc. 7 



TD'C1005 -~··· ....... 
Electrical characteristics within specified operating conditions 

. C" ',',' 
Temperature Range 

··, .• 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Ice Supply Current Vcc=Max 105 120 mA 

Vol Output Voltage, Logic LOW Vcc=Min, loL =Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vcc=Min, loH=Max 2.4 2.4 v 
Ill Input 'Current, Logic LOW 1 Vee= Max, VIL =0.4V -0.5 -0.8 mA/Load 

· l1H Input Current, Logic HIGH 1 Vee= Max, V1H=2.4V 20 50 µA/Load 

Note: 1. CLK C: Eight equivalent .loads 
CLK A, CLK B: Four equivalent loads 

Switching· characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Fe Clock Frequency See Figure 3 25 24 MHz 

to Output Delay See Figure 3 35 35 ns 

Ordering Information 

8 

Product Teniperliture Range Screening Package Package 
Nuinber Marking 

TDC1005B9C STD-TA=o·c to 10°c Commercial 16 Pin CERDIP 1005B9C 
TDC1005B9A EXT - Tc= -55°C_ to 12s0 c High Reliability 16 Pin CERDIP 1005B9A 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

(ifii Support Policy·_· TRW LSI Products Inc. components are not designed foi use in life support applications, wherein a failure or malfunction of the 
comp_o.nent can. reasonably be expect.ed to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1006 

Serial Shift Register 
256-Bit 

The TRW TDC1006 is a positive-edge-triggered serial 
shift register which operates at 25MHz. This device is 
cascadab!e ::: the nu~be; cf vvords 2nd the vvcrd s!ze. 

Complementary TTL outputs Q and TI are provided. Two 
data inputs, DO and 01, are controlled by a data select 
input, OS. This provides on-chip recirculate gating when 
the true output is hard-wired to one of the inputs. 

Features 

• 25MHz Guaranteed Clock Frequency 
• Fully TTL Compatible 
• True and Complementary Outputs 

Functional Block Diagram 
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eLK 

Vee ) ., 
GND ) _. 

TRW LSI Products Inc. 
PO Box 2477 
La Jolla, CA 92038 

D 

• Proven High-Reliability Radiation Hard Bipolar Process 
• Single + 5V Power Supply 
• Available In A 16 Pin CERDiP 
• Horizontal And Vertical Cascadability 

Applications 

• High-Speed Data Acquisition 

ep 

• First-In First-Out Data Buffers 
• Coefficient Storage For Fl R Filters 
• Digital Delay Lines 
• Local Storage Registers 
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TDC1006 

Functitmal Block Diagram 
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16 Pin CEROI P - 89 Package 

Functional Description 

General Information 

The TDC1006 is a 256-bit positive-edge-triggered serial shift 
register. One of two data inputs 100 and 01 I is selected by 

Power 

The TDC1006 operates from a single +5 Volt power supply. 

Name Function 

Vee Positive Supply Voltage 
GND Ground 

10 

the Data Select control OS. Complementary outputs Q and 0 
are available. 

Value J9 Pacqe 
+5.0V Pin 16 

o.ov Pin 8 

TRW LSI Products Inc. 



TDC1006 

Data Inputs 

The TDC1006 is a single 256-bit shift register with two data 
inputs DO and 01. 

Name Function 

DO Data Input 0 
D1 Data Input 1 

Data Select 

The TDC1006 has one data select control IDSI to select 
between inputs DO and 01. Input 01 is selected when OS is 
HIGH, DO is selected when OS is LOW. 

Name Function 

DS Data Select 

Data Outputs 

Complementary outputs Q and 0: are provided for the TDC1006. 

Name Function 

a Data Output 

a Data Output Inverted 

Clocks 

The TDC1006 has one clock signal, CLK. 

Name Function 

CLK Clock 

No Connects 

There are several pins on the TDC1006 which are not 
connected internally. These pins may be left unconnected. 

Name Function 

NC No Connect 

TRW LSI Products Inc. 
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Value J9 Package 

TTL Pin 5 

TTL Pin 6 

Value J9 Package 

TTL Pin 7 

Value J9 Package 

TTL Pin 11 

TTL Pin 10 

Value J9 Package 

TTL Pin 9 

Value J9 Package 

Open Pins 1-4, 12-15 

11 



TDC1006 

Figure 1. Timing Diagram 

CLOCK { \ __ { \__ 
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Figure 2. Equivalent Input/Output Schematics 

Figure 3. Test load 
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TDC1006 

Absolute maximum ratings !beyond which the device may be damaged) 1 

Supply Voltage ...................................................................................................................................................................................................................................... -0.5 to + 7.0 V 

I~ Voltage ................................................................................................................................................................................................................................................. 0 to + 5.5V 

Output 
Applied voltage I measured to GNDI ............................................................................................................................................................................ 0 to + 5.5V 2 

Applied current, externally forced .................................................................................................................................................................... -1.0 to +6.0mA3.4 

Short circuit duration !single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -55 to + 150°C 

junction .................................................................................................................................................................................................................... + 175°C 

Lead, soldering 110 sec.I ......................................................................................................................................................................................................... +300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 160°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temparat .. a Range 
Standard Extanded 

Parameter Min Nom Max Min Nom Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

!PW Clock Pulse Width 15 15 ns 

!s._ Input Register Setup Time 7 7 ns 

'H Input Register Hold Time 10 10 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

TRW LSI Products Inc. 13 



TDC1006 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

1cc Supply Current Vcc=Max 135 155 mA 

Vol Output Voltage, Logic LOW Vee= Min, loL =Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH Vee= Min, loH=Max 2.4 2.4 v 
Ill Input Current, Logic LOW 1 Vee= Max, v1L =0.4V -0.5 -0.8 mA/Load 

l1H Input Current, Logic HIGH 1 Vcc=Max, V1H=2.4V 20 50 µA/Load 

Note: 1. CLK: Sixteen equivalent loads. 

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

Fe Clock Frequency See Figure 1 25 24 MHz 

to Output Delay See Figure 1 32 35 ns 

Ordering Information 

14 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1006B9C STD-TA=0°C to 70°C Commercial 16 Pin CERDIP 1006B9C 

TDC1006B9A EXT - Tc= -55°C to 125°C High Reliability 16 Pin CERDIP 1006B9A 

All parameters contained rn this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the nght 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 
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TDC1011 

Variable-Length Shift Register 
8-Bit, 18MHz 

The TRW TDC1011 is a high-speed, byte-wide shift 
register which can be programmed to any length 
between 3 and i 8 stages. it operates at a 56ns cycle 
time (18MHz shift rate) A special split-word mode is 
provided for use with the TRW TDC1028. 

The TDC1011 is fully synchronous, with all operations 
controlled by a single master clock. Input and output 
registers are positive-edge-triggered D-type flip-flops. The 
length control inputs are also registered. 

Features 

• 56ns Cycle Time (Worst Case) 
• Single + 5V Power Supply 
• TTL Compatible 
• Selectabie Length From 3 To i 8 Stages 
• Special 4-Bit Wide Mixed-Delay Mode 
• Available In 24 Pin DIP, CERDIP And 28 Contact Chip 

Carrier 

Applications 

• Word Size Expansion Of TDC1028 
• Video Filtering 

Built with TRW's OMICRON-B™ 1-micron bipolar process, • High-Speed Data Acquisition 
the TDC1011 provides the system designer with a unique 
variable-delay capability at video speeds. 

Functional Block Diagram 

CLK~ TO ALL STAGES 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

• Local Storage Registers 
• Digital Delay Lines 
• Television Special Effects 

Phone: 1619) 457-1000 
FAX: (619) 455-6314 
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TDC1011 

Pin Assignments 

~:~~Fl~~ 
012 3 22 
Dl3 4 ,21 

Lo 5 20 
L1 S 19 

Vee 1 18 
eLK 8 17 
014 9 1S 
Dl5 10 15 
Dis 11 14 
Dl7 12 13 

24 Pin DIP - J7 Package 
24 Pin CERDIP - 82 Package 
24 Pin CERDIP - 87 Package 

Functional Description 

General Information 

003 2S 
002 27 
001 28 
000 1 
Ola 2 
Dl1 3 
Dl2 4 

18 004 
17 005 
1S ODs 
15 007 
14 Dl7 
13 Dis 
12 015 

28 Contact Chip Carrier - C3 Package 

The TDC1011 consists of two 4-bit wide, adjustable for a minimum of tHO nanoseconds after the leading 
length shift registers. These registers share control signals edge of CLK. This allows the data to be latched into 
and a common clock. circuits with non-zero hold time requirements. 

Power 

The TDC1011 operates from a single + 5 Volt supply. 

Inputs 

The eight inputs to the TDC1011 are divided into two 
groups of four, and are intended to support the 
TDC1028, which has inputs in groups of four bits. The 
lengths of these two groups are different when the 
Mode Control (MC) is HIGH (refer to the Controls 
section). The incoming data is unchanged by the 
TDC1011. All inputs are fully TTL compatible and all 
internal circuitry is static. 

Outputs 

The outputs of the TDC1011 are delayed relative to the 
input signals. The amount of the delay is programmable 
(refer to the Controls section). The outputs remain valid 

16 

Clock 

The TDC1011 operates synchronously from a single 
master clock line; which can be clocked up to 18MHz. 
All operations occur at the rising edge of the master 
clock. Since the internal circuitry is static, the clock can 
be gated if desired. 

Controls 

The TDC1011 has four length selection controls and one 
mode selection control. The operation of these controls is 
shown in Table 1. 

No Connect 

There are several pins labeled no connect (NC) on the 
TDC101l C3 Package, which have no connections to the 
chip. These pins should be left open. 

TRW LSI Products Inc. 
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Package Interconnections 

Signal Signal 
Type Name Function Value J7, 82, 87 Package Pins CJ Package Pins 

Power Vee Positive Supply Voltage 5.0V 7 8 
GND Ground o.ov 18 21, 22 

Inputs Dlo-1 Data Input TTL 1, 2, 3, 4, 9, 10, 11, 12 2, 3, 4, 5, 10, 12, 13, 14 

Outputs DOo-7 Data Output TTL 24, 23, 22, 21, 16, 15, 14, 13 1, 28, 27, 26, 18, 17, 16, 15 

Clock CLK Clock TTL 8 9 

Controls Lo Length Select LSB TTL 5 6 

L1 Length Select TTL 6 7 

L2 Length Select TTL 20 24 

L3 Length Select MSB TTL 19 23 

MC {Mode) Mode Control TTL 17 20 

No Connect NC No Connect Open None 11, 19, 25 

Table 1. Length Programming 

Input Code Mode (MC)= 0 Mode (MC)= 1 

003_0 007.4 003.0 007.4 
LJ L2 Lt Lo Length Length Length Length 

0 0 0 0 3 3 3 18 

0 0 0 1 4 4 4 18 

0 0 1 0 5 5 5 18 

0 0 1 1 6 6 6 18 

0 1 0 0 7 7 7 18 

0 1 0 1 8 8 8 18 

0 1 1 0 9 9 9 18 

0 1 1 1 10 10 10 18 

1 0 0 0 11 11 11 18 

1 0 0 1 12 12 12 18 

1 0 1 0 13 13 13 18 

1 0 1 1 14 14 14 18 

1 1 0 0 15 15 15 18 

1 1 0 1 16 16 16 18 

1 1 1 0 17 17 17 18 

1 1 1 1 18 18 18 18 

TRW LSI Products Inc. 17 
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Figure 1. Timing Diagram (Preset Length Controls) 

----J ts I tH I--
I I I 

MODE, x x 
L3_0 _._ _ _,__co_N_TR_o_Ls__. ....... _________ _ 

x 
Figure 2. length Control Operation 
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I 

DATA 
N + 1 x 
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7 

Figure 3. Equivalent Input Circuit 

R2 

INPUT INPUT 

CLK 
R1 = 25K 
R2 = 10K CLK 

DATA, 
CONTROLS 

Figure 5. Test load 
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8 

RJ 

25K 
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R4 
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OUTPUT PIN~ VLOAD 
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R4 
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9 
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10 
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10 

Figure 4. Equivalent Output Circuit 
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Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ....................................................................................................................................................................................... . - 0.5 to + 7.0V 

Input 

Applied voltage ................................. . -0.5 to +5.5V 2 

Forced current ........................................................................................................................................... . - 6.0 to + 6.0mA 3.4 

Output 
Applied voltage ................................................................................................................................. - 0.5 to + 5.5V 2 

Forced current .... -1 0 to 60mA 3.4 

Short-circuit duration !single output in HIGH state to ground) ....................................................................................... 1 Second 

Temperature 

Operating, case .................................................................................................................................. . 

junction .............................................................................................................................. . 

Lead, soldering 110 seconds) ................................................................................................... . 

Storage ......................................................................................................................................... . 

-55 to + 125°C 

..... ............... 175°C 

. ... 300°C 

-65 to + 150°C 

Notes: Absolute maximum ratings are l1mit1ng values applied individually while all other parameters are within specified operating conditions. 
Functional operation under any of these conditions 1s NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Norn Max Min Norn Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpwL Clock Pulse Width, LOW 15 15 ns 

tpwH Clock Pulse Width, HIGH 15 15 ns 

ts Input Setup Time 20 25 ns 

tH Input Hold Time 0 2 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
V1H Input Voltage, Logic HIGH 2.0 2.0 v 
VIHC Input Voltage, Logic HIGH, Clock 2.4 2.4 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

TRW LSI Products Inc. 19 
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Electrical characteristics within specified operating conditions 

Parameter Test Conditions 

1cc Supply Current Vcc=Max, Static 

l1L Input Current, Logic LOW Vcc=Max, v1=0.4V 
Oata Inputs 

Clock 

l1H Input Current, Logic HIGH Vee= Max, v1=2.4V 

11 Input Current, Max Input Voltage Vcc=Max, v1=5.5V 

Vol Output Voltage, Logic LOW Vee= Min, loL =Max 

VoH Output Voltage, Logic HIGH Vee= Min, loH =Max 

los Short-Circuit Output Current Vee= Max, Output HIGH, one pin to 

ground, one second duration max. 

C1 Input Capacitance TA=25°C, F=lMHz 

Co Output Capacitance TA=25°C, F=lMHz 

Switching characteristics within specified operating conditions 

Parameter Test Conditions 

tcLK Clock Rate Vcc=Min 
Static Length Controls 

Dynamic Length Controls 

to Output Delay Vcc=Min, Test Load: VLOAo=2.2V 

tHo Output Hold Time 2 Vee= Max, Test Load: VLOAD = 2.2V 

Notes: 1. All transitions are measured at a 1.5V level. 

2. Guaranteed, not tested. 

-~·-· .. , .. 
Temperature Range 

Standard Extended 
Min Max Min Max Units 

150 200 mA 

-0.4 -0.4 mA 

-1.0 -1.0 mA 

75 75 µA 
1.0 1.0 mA 

0.5 0.5 v 
2.4 2.4 v 

-40 -40 mA 

15 15 pF 

15 15 pF 

Temperature Range 

Standard Extended 
Min Max Min Max Units 

18 15 MHz 

15 10 MHz 

25 30 ns 

5 5 ns 
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Application Notes 

The TDC1011 has two types of applications: as a support 
device for the TDC1028, and as a general variable-length 
shift register. 

Further description of the use of the TDC1011 to support 
the TDC1028 is given in TRW LSI Products Inc. Appli­
cation Note TP-22. 

To support the TDC1028, the lengths will be set to one 
of the following: 

For general use, it is important to note that the length 
control inputs are registered. There are no constraints on 
the use of the control leads other than the operational 
requirements shown in the Operating Conditions Table. 
Specifically, the length can be increased from one clock 
period to another and proper operation will occur; no 
data is lost, except the eighteenth stage. 

1. Both sections 9 stages long. 
2. One section 9 stages long, the other section 18 

stages long. 
3. Both sections 18 stages long. 

The sections are interchangeable only if the lengths are 
identical. 

Ordering Information 

Product Temperature Range Screening 
Number 

TDC1011B2C STD-TA=0°C to 70°C Commercial 

TDC1011B2A EXT-Tc= -55°C to 125°C High Reliability 

TDC1011B7C STD-TA =0°C to 70°C Commercial 

TDC1011B7A EXT-Tc= -55°C to 125°C High Reliability 

TDC1011C3C STD-TA =0°C to 70°C Commercial 

TDC1011C3A EXT - Tc= - 55°C to 125°C High Reliability 

TDC1011J7C STD-TA=0°C to 70°C Commercial 

TDC1011J7A EXT - Tc= - 55°C to 125°C High Reliability 

Notes: 1. 0.3 inches wide. 

2. 0.6 inches wide. 

Package Package 
Marking 

24 Pin CERDIP I 1011B2C 
24 Pin CERDIP I 1011B2A 

24 Pin CERDIP 2 1011B7C 
24 Pin CERDIP 2 1011B7A 

28 Contact Hermetic Ceramic Chip Carrier 1011C3C 

28 Contact Hermetic Ceramic Chip Carrier 1011C3A 

24 Pin Hermetic Ceramic DIP 1011J7C 

24 Pin Hermetic Ceramic DIP 1011J7A 

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications. wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support appl1cat1ons assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 
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First-In First-Out Memory 
64 Words by 9 Bits Cascadable 

The TRW TDC1030 is an expandable, First-In First-Out 
(FIFO) memory organized as 64 words by 9 bits. A 
15i'v1HL data rate makes it ideai in high-speed appii­
cations. Burst data rates of 18MHz can be obtained in 
applications where the device status flags are not used. 

With separate Shift-In (SI) and Shift-Out (SO) controls, 
reading and writing operations are completely inde­
pendent, allowing synchronous and asynchronous data 
transfers. Additional controls include a Master Reset 
(MR), and Output Enable (OE). Input Ready (IR) and 
Output Ready (OR) flags are provided to indicate device 
status. 

Devices can be easily interconnected to expand word and 
bit dimensions. The device has all output pins directly 
opposite the corresponding input pins, facilitating board 
layouts in expanded format All inputs and outputs are 
TTL compatible. 

Functional Block Diagram 

IR 

SI 

INPUT 
STAGE 
1 x 9 

TRW LSI Products Inc. 
PO. Box 2472 
La Jolla, CA 92038 

Features 

• 64 Words By 9 Bits Organization 
• 15MHz Shift-In, Shift-Out Rates With Flags 
• 18MHz Burst-In, Burst-Out Rates Without Flags 
• Cascadable To I 3rv1Hz 
• Readily Expandable In Word And Bit Dimension 
• TTL Compatible 
• Asynchronous Or Synchronous Operation 
• Three-State Outputs 
• Master Reset Input To Clear Control 
• Output Pins Directly Opposite Corresponding Input Pins 

For Easy Board Layout 
• Available In 28 Pin Ceramic DIP, CERDIP, Or Contact 

Chip Carrier 

Applications 

• High-Speed Disk Or Tape Controller 
• Video Time Base Correction 
• A/D Output Buffers 
• Voice Synthesis 
• Input/Output Formatter For Digital Filters And FFTs 

MAIN 
REGISTER 
62 x 9 

CONTROL LOGIC 

Phone: (619) 457-1000 
FAX: (619) 455-6314 

OUTPUT 
STAGE 
1 x 9 

ns-o 

so 
t------~ DR 
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Functional Block Diagram 

Pin Assignments 

oa-o 

IR 

SI 

GND 1 

INPUT 
STAGE 
1 x 9 

GND Z 1---------

IR 3 
SI 4 

Do 5 
D1 6 
Dz 7 
D3 S 
D4 9 
D5 10 
D6 11 
DJ 1Z 
Ds 13 

GND 14 

28 Vee 
Z7 MR 
Z6 so 
25 OR 
Z4 Do 
23 o1 
22 Oz 
Z1 03 
20 ~ 
19 Os 
1S Ile 
17 07 
16 09 
15 OE 

28 Lead mp - J6 Package 
28 Lead CERDIP. - 86 Package 

Functional Description 

Data Input !Figure 11 

Following power up, the Master Reset IMRI is pulsed LOW to 
clear the FIFO !Figure 21. The Input Ready llRI flag HIGH 
indicates that the FIFO input stage is empty and available to 
receive data. When IR is valid IHIGHI, Shift-In ISll may be 
asserted, thus loading the data present at Do through D0 into 
the FIFO. Bringing the SI signal HIGH causes IR to drop LOW. 

24 

MAIN 
REGISTER 
62 x 9 

CONTROL LOGIC 

OUTPUT 
STAGE 
1 x 9 

so 
DR 

l§&'dlj'S~~ 

IQl!i!i1:u:1;:::;i;a~ 

so 26 1S Ile 
MR 'l1 17 o7 

Vee 28 1& Os 
GND 1 15 OE 
GNO Z 14 GNO 

IR 3 13 Os 
SI 4 1Z 07 

28 Contact Chip Carrier - C3 Package 

The data remains at the first location until SI is set LOW. With 
SI. LOW, the data then propagates to the second location and 
continues to "fall through" to the output stage or last empty 
location. If the FIFO is not full after the SI pulse, IR will again 
be valid IHIGHl, indicating that there is space available in the 
FIFO. If the memory is full, the IR flag remains invalid ILOWI. 

TRW LSI Products Inc. 
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With the FIFO full, the SI can be held HIGH until a Shift-Out 
ISO) occurs !Figure 3). Following the SO pulse, the empty 
location "bubbles up" to the input stage. This results in an 

Data Transfer 

After data has been transferred into the second location by 
bringing SI LOW, the data continues to "fall through" the FIFO 

Data Output !Figure 4) 

The Output Ready IOR) flag HIGH indicates that there is valid 
data at the output stage Ip ins Go- Gsl. An initial Master Reset 
IMRl pulse LOW at power up sets the Output Ready LOW 
!Figure 2). Although the internal control circuitry is cleared, 
random data remains on the output pins. Data shifted into the 
FIFO latter MRI "falls through" to the output stage, causing OR 
to go HIGH, and replaces the random data with valid data. 

When the OR flag is valid IHIGH), data can be transferred out 
via the Shift-Out ISO) control. An SO HIGH results in a "busy" 
ILOW) signal at the OR flag. When SO is brought LOW, data is 
shifted to the output stage, and the empty location "bubbles 

Data Inputs 

The nine data inputs of the TDC1030 are TTL compatible. 
There is no weighting to the inputs, and any one of them can 
be assigned as the MSB. The memory size of the FIFO can be 
reduced from the 9 x 64 configuration by leaving open unused 

Name Function 

Do Data Input 

Dl 

D2 

D3 
D4 

D5 

D5 

D1 

D9 Data Input 

TRW LSI Products Inc. 

Input Ready llR) pulse HIGH and awaiting data is shifted in. 
The SI must be brought LOW before additional data can be 
shifted in. 

in an asynchronous manner. The data stacks up at the end of 
the device, leaving the empty locations up front. 

up" to the input stage. At the completion of the SO pulse, OR 
goes HIGH. If the last valid piece of data has been shifted out, 
leaving the memory empty, the OR flag remains invalid ILOWl. 
With the FIFO empty, the last word shifted out remains on the 
output pins Go-Gs. 

With the FIFO empty, the SO can be held HIGH until a SI 
occurs !Figure 51. Following the SI pulse, the data "falls 
through" to the output stage. This results in an OR pulse HIGH 
and data is shifted out. The SO must be brought LOW before 
additional data can be shifted out. 

data input pins li.e., 8 x 64, 7 x 64 ... 1 x 64). In the 
reduced format, the unused data output pins must also be left 
open. 

Value J&, CJ, 86 Package 

TTL Pin 5 

TTL Pin 6 

TTL Pin 7 

TTL Pin 8 

m Pin 9 

m Pin 10 

m Pin 11 

m Pin 12 

m Pin 13 

25 



TDC1030 

Data Outputs 

The nine data outputs of the TDC1030 are TTL compatible, 
capable of driving four low-power Schottky TTL 154174 LSI 
unit loads or the equivalent. There is no weighting to the 
outputs, and any one of them can be assigned as the MSB. 

Controls 

SI 

so 

Power 

Name Function 

Data Output 

Data Output 

The rising edge loads data into the input stage. 
The falling edge triggers the automatic data 
transfer process. 

The rising edge causes OR to go LOW. The 
falling edge moves upstream data into the 
output stage and triggers the "bubble up" 
process of empty locations. 

Name Function 

SI Shilt-In 

so Shilt-Out 

Mil Master Reset 

OE Output Enable 

The TDC1030 operates from a single +5.0V supply. All power 
and ground pins must be connected. 

Name Function 

Vee Supply Voltage 

GNO Digital Ground 

26 

The memory size of the FIFO can be reduced from the 9 x 64 
configuration by leaving open unused data output pins 
!i.e., 8 x 64, 7 x 64 ... 1 x 641. In the reduced format, the 
unused data input pins must also be left open. 

Value J6, C3, 86 Package 

TTL Pin 24 

TTL Pin 23 

TTL Pin 22 

TTL Pin 21 

TTL Pin 20 

TTL Pin 19 

TTL Pin 18 

TTL Pin 17 

TTL Pin 16 

MR LOW clears all data and control within the 
FIFO: Input Ready flag is set HIGH, Output 
Ready flag is set LOW, and the FIFO is cleared. 
The output stage remains in the state of the 
last word shifted out, or in the random state of 
power up. 

With the OE LOW, the outputs of the Fl FD are 
TTL compatible. When disabled 
IOE HIGHI, the outputs go into their 
high-impedance state. 

Value J6, C3, 86 Package 

TTL Pin 4 

TTL Pin 26 

TTL Pin 27 

TTL Pin 15 

Value J6, C3, 86 Package 

+5.0 Pin 28 

0.0 Pins 1, 2, 14 

TRW LSI Products Inc. 
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Status Rags 

Input Ready llRI and Output Ready !ORI flags are provided to IR An IR flag HIGH indicates that the input stage 
is empty and ready to accept valid data. An IR 
LOW indicates that the FIFO is full or that a 
previous SI operation is not complete. 

indicate the status of the FIFO. Operation with use of the flags 
is explained in the Functional Description. In this mode of 
operation, the Shift- In and Shift- Out rates are determined by 
the status flags. It is assumed that a Shift-In or Shift-Out 
pulse is not applied until the respective flag llR, ORI is valid OR An OR flag HIGH assures valid data at the 

output stage !pins Oo-081. However, the OR 
flag does not indicnte vvhether ar r:ot there is 

!Figures 1 and 41. 

The IR and OR flags are not required to operate the device. A 
high-speed burst mode is achievable when operating without 
the flags. Refer to the High-Speed Burst Mode section for a 
complete description. 

Name Fimction 

IA Input Ready Rag 

OR Output Ready Flag 

Application Notes 

Expanded Format 

The TDC1030 is easily cascaded to increase word capacity 
without any external circuitry. Word capacity can be expanded 
beyond the 128 words X 9 bits configuration shown in Figure 
6. In the cascaded format, all necessary communications and 
timing are handled by the FIFOs themselves. The 
intercommunication speed is controlled by the minimum flag 
pulse widths and the flag delays. !See Figures 7 and 8.IThe 
maximum data rate when cascading devices is 13MHz. 

With the addition of a logic gate, the FIFO is easily expanded 
to increase word length !Figure 91. The basic operation and 
timing are identical to a single FIFO, with the exception of an 
additional gate delay on the flags. Word length can be 

TRW LSI Products Inc. 

any new data awaiting transfer into the output 
stage. An OR LOW indicates that the output 
stage is "busy", or that there is no valid data. 

Value J&, C3, 86 Package 

TTL Pin 3 

TTL Pin 25 

expanded beyond the 18 bits X 64 words configuration shown 
in Figure 9. 

High-Speed Burst Mode 

Burst rates of 18MHz can be obtained for applications in which 
the device status flags are not used. In this mode of 
operation, the Burst-In and Burst-Out rates are determined by 
the minimum Shift-In Pulse Widths, and Shift-Out Pulse t'Jrm 
Widths !See Figures 10 and 111. With the Input Ready and ~ 
Output Ready flags not monitored, a shift pulse can be applied 
without regard to the status flag. However, a Shift-In pulse 
which would overflow the storage capacity of the FIFO is not 
permitted. 
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TDC1030 Timing Diagrams 

Figure 1. Shifting In Sequence, FIFO Empty To FIFO Full 

INPUT 
READY 

SHIFT IN 3RD 
THROUGH 
63RD WORDS 

SHIFTIN - ~ 
64TH \____ 
WORD 

~1~---
DATA 
INPUT _____ ............... _f\ XXXXXXXXXXX> 

ts 

1. Input Ready initially HIGH - FIFO is prepared for valid data. 

2. Shift-In set HIGH - data loaded into input stage. 

3. Input Ready drops LOW lt1R delay after SI HIGH! - input 
stage "busy." 

4. Shift-In set LOW - data from first location "falls through." 

Figure 2. Master Reset Applied With FIFO Full 

5. Input Ready goes HIGH lt1R delay after SI LOWI - status 
flag indicates FIFO prepared for additional data. 

6. Repeat process to load 2nd through 64th word into FIFO. 

7. Input Ready remains LOW - with attempt to shift into full 
Fl FD, no data transfer occurs. 

- 1MRw-----;-

MASTER RESET -----""" 

1. Input Ready LOW, Output Ready HIGH - assume FIFO is 
full. 

2. Master Reset pulse LOW - clears FIFO. 

3. Input Ready goes HIGH ltMRIRH delay after MRI - flag 
indicates input prepared for valid data. 

28 

4. Output Ready drops LOW ltMRORL delay after MRI - flag 
indicates Fl FD empty. 

5. Shift-In HIGH ltMRSI delay after MRI - clearing process 
complete, move new data into FIFO. 

TRW LSI Products Inc. 
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Figure 3. With FIFO Full, Shift-In Held High In Anticipation Of Empty location 

SHIFT-OUT 

SHIFT-IN 

INPUT READY 

1. FIFO is initially full, Shift-In is held HIGH. 

2. Shift-Out pulse - data in the output stage is unloaded, 
"bubble up" process of empty location begins. 

3. Input Ready HIGH ltFT fallthrough delay after SO pulse) -
when empty location reaches input stage, flag indicates FIFO 
is prepared for data input. 

Figure 4. Shifting Out Sequence, FIFO Full to FIFO Empty 

SHIFT-OUT 

DATA 
OUTPUT 

1on 

llFso 
1soH 

1. Output Ready HIGH - no data transferring in progress, valid 
data is present at output stage. 

2. Shih-Out set HIGH - results in OR LOW. 

3. Output Ready drops LOW ltoR delay after SO HIGH! -
output stage "busy." 

4. Shift-Out set LOW - data in the input stage is unloaded, 
and new data replaces it as empty location "bubbles up" to 
input stage. 

TRW LSI Products Inc. 

4. Input Ready returns LOW - data Shift-In to empty location 
is complete, FIFO is again full. 

5. SI brought LOW - necessary to complete Shift-In process, 
allows data "fall through" if additional empty location 
"bubbles up." 

SHIFT OUT 3RO 
THROUGH 
63RO WORDS 

~---Oii 
~ 64TH WORD xx )() 

FIFO EMPTY-64TH 
WORD REMAINS AT 
OUTPUT PINS 

5. Output Ready goes HIGH - transfer process completed, 
valid data present at output. 

6. Repeat process to unload the 3rd through 64th word from 
FIFO. 

7. Output Ready remains LOW - FIFO is empty. 

8. Shift-Out pulse asserted - with attempt to unload from 
empty FIFO, no data transfer occurs. 
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Figure 5. With FIFO Empty Shift Out Is Held High. In Anticipation Of Data 

SHIFT-IN 

SHIFT-OUT 

OUTPUT READY 

DATA OUTPUT 

1. FIFO is initially empty, Shift-Out is held HIGH. 
2. Shift- In pulse - loads data into FIFO and initiates "fall 

through" process. 
3. Data Output transition - ltooF delay before OR HIGH), valid 

data arrives at output stage. 

i-.---- 1FT---_....,.__,OP 

4. Output Ready HIGH - ltFT fallthrough delay after SI pulse), 
OR flag signals the arrival of valid data at the output stage. 

5. Output Ready goes LOW - data Shift-Out is complete, 
FIFO is again empty. 

6. Shift-Out set LOW - necessary to complete Shift-Out 
process, allows "bubble up" of empty location as data "falls 
through." 

Figure 6. Cascading For Increased Word Capacity - 128 Words X 9 Bits 

SHIFT-IN 

INPUT READY FLAG 

DATA INPUT 

MASTER RESET 

OUTPUT ENABLE 

SI 

IR 

64 WORDS 
x 9 BITS 

A 

The TDC1030 is easily cascaded to increase word capacity 
without any external circuitry. In the cascaded format, all 
necessary communications are handled by the FIFOs 

30 

OR SI OR OUTPUT READY FLAG 

so IR so SHIFT OUT 

Do Do 64 WORDS 
n, o, x 9 BITS 

02 D2 De-o DATA OUTPUT 
03 03 

~ D4 
05 05 B 
lie 05 
07 07 
De De MR iiE 

themselves. Figures 7 and 8 demonstrate the 
intercommunication timing between FIFO A and FIFO B. 
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Figure 7. FIFO - FIFO Communication: Input Timing Under Empty Condition 

INPUT 

READY A 
SHIFT-IN 
A 

OUTPUT READY Al 
SHIFT-IN B --+--_._...._._._..._._,I 

SHIFT-OUT Al 
INPUT READY B 

DATA OUT Al 

DATA IN B 

DATA OUT B 

1. FIFO A and B initially empty, SO IAI held HIGH in 
anticipation of data. 

2. Load one word into FIFO A - SI pulse applied, IR pulse 
results. 

3. Data Out A/Data In B transition - ltooF delay before OR 
IAI HIGHI, valid data arrives at FIFO A output stage prior to 
DR flag, meeting data input setup requirements of FIFO B. 

4. OR IAI and SI IBI pulse HIGH - ltFT delay after SI IAI 
LOWJ, data is unloaded from FIFO A as a result of the 
Output Ready Pulse IT opl, data is shifted into FIFO B. 

5. IR IBI and SO IAI go LOW - lt1R delay after SI IBI HIGHI, 
flag indicates input stage of FIFO B is "busy," Shift-Out of 
Fl FD A is complete. 

6. IR 181 and SO IAI go HIGH - lt1R delay after SI IBI LDWI, 
input stage of FIFO B is again available to receive data, SO 
is held HIGH in anticipation of additional data. 

7. DR IBI goes HIGH - ltFT delay after SI IBI LDWI, valid 
data is present at the Fl FD B output stage. 

Figure 8. FIFO - FIFO Communication: Output Timing Under Full Condition 

OUTPUT READY B 

SHIFT-OUT B 

INPUT READY Bl 
SHIFT-OUT A 

SHIFT-IN Bl 
OUTPUT READY A 

DATA OUT Al 

DATA IN B 

INPUT READY A 

1. FIFO A and B initially full, SI IBI held HIGH in anticipation 
of shifting in new data as empty location "bubbles up." 

2. Unload one word from FIFO B - SO pulse applied, OR 
pulse results. 

3. IR IBI and SO IAI pulse HIGH - ltFT delay after SO 181 
LOWI, data is loaded into FIFO B as a result of the Input 
Ready Pulse ltlPI, data is shifted out of FIFO A. 

TRW LSI Products Inc. 

4. OR IAI and SI IBI go LOW - ltoR delay after SO IAI HIGHI, 
flag indicates the output stage of FIFO A is "busy," Shift-In 
to FIFO B is complete. 

5. OR IAI and SI IBI go HIGH - ltoR delay after SO IAI LOWI, 
flag indicates valid data is again available at the FIFO A 
output stage, SI IBI is held HIGH, awaiting "bubble up" of 
empty location. 

6. JR IAI goes HIGH - ltFT delay after SO IAI LOWI, an empty 
location is present at input stage of FIFO A. 
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TDC1030 

Figure 9. Expanded FIFO for Increased Word length - 64 Words X 18 Bits 

DATA INPUT 

COMPOSITE 
INPUT 
READY 
Fi.AG 

SHIFT-IN 

MASTER RESET >----+--+-

DATA INPUT 

The TOC1030 is easily expanded to increase word length. 
Composite Input Ready and Output Ready flags are formed 
with the addition of an ANO logic gate. The basic operation 

Figure 10. Shift-In Operation In High-Speed Burst Mode 

De-o oe-o DATA OUTPUT 

IR 64 WORDS OR COMPOSITE 
SI x 9 BITS so OUTPUT 

READY 
Mil OE FLAG 

SHIFT-OUT 

OUTPUT ENABLE 

IR OR 
64 WORDS 

SI x 9 BITS so 
MR OE 

0e-o De-o DATA OUTPUT 

and timing are identical to a single FIFO, with the exception of 
an added gate delay on the flags. 

-----1/FB1---__, 

In the high-speed mode, the Burst-'ln rate is determined by 
the minimum Shift-In HIGH and Shift-In LOW specifications. 
The IR status flag is a "don't care" condition, and a Shift-In 
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pulse can be applied without regard to the flag. A Shift-In 
pulse which would overflow the storage capacity of the FIFO 
is not permitted. 

TRW LSI Products Inc. 



TDC1030 

Figure 11. Shift-Out Operation In High-Speed Burst Mode 

,__ ___ 1/Feo ___ ___, 

SHIFT-OUT 

DATA OUTPUT 

OUTPUT 
READY 
FLAG 

In the high-speed mode, the Burst-Out rate is determined by 
the minimum Shift-Out HIGH and Shift-Out LOW 

Figure 12. Equivalent Input Circuit 

Vee----------
Rl 

INPUT 

Figure 14. Test Load 

INPUT 

Sl, SO, 
TIE. MR 

De-a. 

Rl R2 

25K 10K 

50K 35K 

TO 5000 

OUTPUT PIN~ VLOAD 

J40pF 
GND 

TRW LSI Products Inc. 

specifications. The DR flag is a "don't care" condition, and a 
Shift-Out pulse can be applied without regard to the flag. 

Figure 13. Equivalent Output Circuit 

---.e-----o Vee 

Figure 15. Transition Levels For Three-State Measurements 

THREE-STATE 
OUTPUTS 

tDIS 0.5V 

0.5V 

HIGH IMPEDANCE 
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Absolute maximum ratings !beyond which the device will be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input 

Applied voltage ··········································································································································'······························································· -0.5 to +5.5V2 
Forced current ........................................................................................................................................................................................................... -6.0 to +6.0mA 

Output 
Applied voltage .......................................................................................................................................................................................................... -0.5 to + 5.5V 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short circuit duration (single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, case ··········································································································'······························································································· -60 to + 140°G 
junction .................................................................................................................................................................................................................... + 175°G 

Lead, soldering (10 seconds) .................................................................................................................................................................................................. +300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 150°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions 1s NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Vee Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

ts1L Shift-In Pulse Width, LOW 20 20 ns 

1SIH Shift- In Pulse Width, HIGH 15 18 ns 

's Input Setup Time 0 0 ns 

'H Input Hold Time 25 30 ns 

'soL Shift-Out Pulse Width, LOW 20 20 ns 

1SOH Shift-Out Pulse Width, HIGH 15 18 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 

loL Output Current, Logic LOW 4.0 4.0 mA 

loH Output Current, Logic HIGH -400 -400 µA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

34 TRW LSI Products Inc. 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

1cc Supply Current Vee = Max, static 

TA = 0°c to 70°C 350 mA 

TA = 70°C 280 mA 

Tc = -55°C to 125°C 400 mA 
- -··-- - 1----

Tc - 125°C 260 mA 

Ill Input Current, Logic LOW Vee = Max, v1 = 0.4V 

oe-o -0.4 -0.4 mA 

SI, SO, OE, MR -1.0 -1.0 mA 

l1H Input Current, Logic HIGH Vee = Max, v1 = 2.4V 75 75 µA 

11 Input Current, Max Input Voltage Vee - Max, v1 - 5.5V 1.0 1.0 mA 

Vol Output Voltage, Logic LOW V cc = Min, loL = Max 0.5 0.5 v 
VoH Output Voltage, Logic HIGH V cc - Min, loH - Max 2.4 2.4 v 

lozL HIGH-Z Output, Leakage Current, Logic LOW Vee = Max, v1 = 0.4V -40 -40 µA 

lozH HIGH-Z Output, Leakage Current, Logic HIGH Vee = Max, v1 = 2.4V 40 40 µA 

las Short Circuit Output Current Vee = Max, One pin to ground, -40 -40 mA 

one second duration, output HIGH. 

C1 Input Capacitance TA = 25°C, f • 1.0MHz 15 15 pf 

Co Output Capacitance TA = 25°C, f = 1.0MHz 15 15 pf 

TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or 
others. 
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Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max 

Fs1 Shift-In Clock Rate Vee= Min .. 18 16 

FBI Burst-In Clock Rate Vee= Min 2a 18 

t1R Input Ready Delay Vee= Min 4a 5a 

!FT Fallthrough Time Vee= Min, Test Load: VLoAo=2.2V 1.6 1.8 

Fso Shift-Out Clock Rate Vcc=Min 15 13 

FBO Burst-Out Clock Rate Vee= Min 18 16 

toR Output Ready Delay Vee= Min, Test Load: VLOAo=2.2V 51 65 

to Data Output Delay Vee= Min, Test Load: VLOAD = 2.2V 5a 65 

1HO Data Output Hold Time Vee= Min, Test Load: VLOAD = 2.2V 15 15 

tMRW Master Reset Pulse Width Vcc=Min 2a 25 

tMRORL Master Reset to OR LOW Vee= Min, Test Load: VLoAo=2.2V 6a 8a 

tMRIRH Master Reset to IR HIGH Vee= Min, Test Load: VLOAo=2.2V 45 65 

tMRSI Master Reset to SI Vcc=Min 55 65 

t1p Input Ready Pulse Vee= Min, Test Load: vLOAo=2.2V 4a 45 

top Output Ready Pulse Vee= Min, Test Load: VLOAo=2.2V 45 5a 

1ooE Data To Output Flag Delay Vee= Min, Test Load: VLoAo=2.2V 1 1 

!ENA Three-State Output Enable Delay Vcc=Min, Test Load: vLOAo=1.8V 35 45 

1rns Three-State Output Disable Delay Vee= Min, Test Load: VLOAo=2.6V 3a 4a 

for trnsa· a.av for trns1 2 

Notes: 1. All transitions are measured at a 1.5V level except for t01s and tENA· which are shown in Figure 15. 

2. to1s1 denotes the transition from logical 1 to three-state. 
to1so denotes the transition from logical 0 to three-state. 

Units 

MHz 

MHz 

ns 

µ,S 

MHz 

MHz 

ns 
ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 
ns 

Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC103aB6C STD- TA =a 0 c to 1a0 c Commercial 28 Pin CERDIP 1a3aB6C 
TDC103aB6A EXT - Tc= -55°C to 125°C High Reliability 28 Pin CERDIP 103aB6A 

TDC1030C3C STD- TA=0°C to 1a 0 c Commercial 28 Contact Hermetic Ceramic Chip Carrier 1a30C3C 

TDC103aC3A EXT-Tc=-55°Cto 125°C High Reliability 28 Contact Hermetic Ceramic Chip Carrier 103aC3A 

TDC103aJ6C STD- TA= a0 c to 1a0 c Commercial 28 Pin Hermetic Ceramic DIP 1030J6C 
TDC103aJ6A EXT-Tc= -55°C to 125°C High Reliability 28 Pin Hermetic Ceramic DIP 1030J6A 

All parameters contained in this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk 
of such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



TMC2011 /TMC2111 

CMOS Variable-Length Shift Register 
8-Bit, 30MHz 

The TMC2011 and TMC2111 are high-speed, byte-wide 
shift registers with programmable delay lengths. 

The TMC2011 can be programmed to any length 
between 3 and 18 stages. It offers a special split-word 
mode which allows for mixed delay lengths. The 
TMC2011, constructed in low-power CMOS, is pin and 
function compatible with the bipolar TDC1011. 

The TMC2111 is a byte-wide shift register that can be 
programmed to lengths of 1 to 16 stages. 

The TMC2011 and TMC2111 are fully synchronous. with 
all operations controlled by a single master clock. Input 
and output registers are positive-edge triggered D-type 
flip-flops. The length and mode controls are also 
registered. Both devices operate with a maximum clock 
rate of 30MHz. 

Built with TRW's OMICRON-C™ one micron CMOS 
process. the TMC2011 and TMC2111 are TTL compatible, 
low-power replacements for the popular TDC1011, used 
in applications ranging from video to bit-slice processors. 

TRW LSI Products Inc. 
P.O. Box 2472 
La Jolla, CA 92038 

Features 
• Low Power CMOS 
• Pin Compatible Replacement For The TDC1011 

(TMC2011) 
• Inputs And Outputs Fully TTL Compatible 
• 30MHz Clock Rate (Worst Case Commercial) 
• Selectable Delay Lengths (TMC2011: 3 To 18 Stages, 

TMC2111: 1 To 16 Stages) 
• Special 4-Bit Wide Mixed-Delay Mode (TMC2011) 
• Available In A 24 Pin. 0.3" Wide CERDIP 

Applications 
• Video Filtering 
• High-Speed Data Acquisition 
• Local Storage Registers 
• Digital Delay Lines 
• Television Special Effects 
• Pipeline Register 

37 

Phone: (619) 457-1000 
FAX: (619) 455-6314 
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TMC201l/TMC2111 --~·-· ,.,,~. 

11:· •• ' 

TMC2011 Functional Block Diagram 

CLOCK) [> .. TO ALL STAGES 

TMC2011 Pin Assignments 
Cl Cl 

(.) (.) N .., :z: :z: (.) 

Dlo 24 DOo 
:z: __. __. (,:, (,:, ::;;: :z: .,, .... .., N ~ C> ~ N N N N "" 

Dl1 2 23 D01 

Dl2 3 22 D02 D03 2S 18 D04 
Dl3 4 21 D03 

D02 27 17 D05 
Lo 5 20 L2 

D01 28 
L1 s 19 L3 

1S DOs 

vDD 7 18 GND 
DOo 15 D07 

Dlo 2 14 Dl7 
CLK 8 17 MC 

Dl4 9 1S D04 
Dl1 3 13 Dis 

Dl5 10 15 D05 Dl2 4 12 Dl5 

Dis 11 14 DOs .,, co ,_ 
"" "' ~ :::: Dl7 12 13 D07 .., C> - Cl ~ .... (.) 

iS __. __. 
$' 

__. 
iS :z: (.) 

24 Lead CERDIP - 82 Package 28 Contact Chip Carrier - C3 Package 
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TMC2011 /TMC2111 

TMC2111 Functional Block Diagram 

8 

4 8 

L3.o ...__-+-----t 

TMC2111 Pin Assignments 

Cl Cl Cl 
0 "" 

.., z z z 0 

24 DOo 
z .... .... CJ CJ CJ z 

Dlo 1 .., 
~ 

.,., 
"" c;:; "" ~ "" "" "" "" 

011 2 23 001 

012 3 22 D02 
003 26 18 004 

013 4 21 003 
D02 27 17 005 

Lo 5 20 L2 
16 005 

L1 6 19 L3 
00128 

Yoo 7 18 GND 
DOo 1 15 007 

CLK 8 17 GND 
Dlo 2 14 017 

014 9 16 004 011 3 13 015 

015 10 15 005 012 4 12 015 

015 11 14 005 .., co ..... ... O> ~ :::: 
017 12 13 007 .., 

"" Cl :...: .... 0 
Ci .... .... -$' .... Ci z 

0 

24 Pin CERDIP - 82 Package 28 Contact Chip Carrier - C3 Package 
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TM:C2011/TMC2111 

Functional Description 

General Information 

The TMC2011 consists of two 4-bit wide, programmable 
length shift registers. The TMC2111 consists of a single 
8-bit wide, programmable length shift register. The inter­
nal registers of each device share control signals and a 
common clock. 

Signal, Definitions 

Power 

Voo. GND The TMC2011 and TMC2111 operate from 
a single + 5V supply. All power and ground 
lines must be connected. 

Data Inputs 

Dlo-7 Eight inputs are provided for the data, 
which pass through the shift register 
unchanged. The eight inputs on the 
TMC2011 are divided into two groups of 
four bits to allow mixed delay operation. 
The lengths of these two groups are 
different when the Mode Control IMC) is 
HIGH !see Table 1 ). When MC is LOW 
both groups have equal delays. The 
TMC2111 consists of a single group of 
eight bits with all data bits having equal 
delays. 

Data Outputs 

DOo-7 The outputs of the shift register are delayed 
relative to the input signals. The amount of 

40 

Controls 

CLK 

Lo-3 

MC 

the delay is programmable !see Table 1 ). 
The outputs remain valid for a minimum of 
tHo nanoseconds after the leading edge of 
CLK. This allows the data to be latched into 
circuits with non-zero hold time 
requirements. 

All inputs and outputs are synchronous and 
operate from a single master clock. AU 
operations occur on the rising edge of the 
master clock. 

The length select input is used to deter­
mine the register delay of the TMC2011 
and TMC2111. This input is registered and 
affects the output on the cycle following 
input into the device !see Timing). Delay 
lengths are as specified in Table 1. 

The Mode Control ITMC2011 Only) is used 
to select the special 4-bit wide split mode 
on the TMC2011. When HIGH the delay on 
007_4 is fixed at 18 stages, while 003_0 
have the delay specified by the length 
select. When MC is LOW, all eight bits 
have equal delays as specified by the 
length select. 

TRW LSI Products Inc. 



TMC2011 /TMC2111 
Table 1. Programming Length Controls 

TMC2011 TMC2111 

Input Code Mode (MC)=D Mode (MC)=1 

DOl-0 D07_4 DOl-0 D07_4 D07_0 
Ll L2 L1 Lo Length Length Length Length Length 

0 0 0 0 3 3 3 18 1 

0 0 0 1 4 4 4 18 2 

0 0 1 0 5 5 5 18 3 
0 0 1 1 6 6 6 18 4 

0 1 0 0 7 7 7 18 5 

0 1 0 1 8 8 8 18 6 

0 1 1 0 9 9 9 18 7 

0 1 1 1 10 10 10 18 8 
1 0 0 0 11 11 11 18 9 

1 0 0 1 12 12 12 18 10 
1 0 1 0 13 13 13 18 11 

1 0 1 1 14 14 14 18 12 

1 1 0 0 15 15 15 18 13 

1 1 0 1 16 16 16 18 14 

1 1 1 0 17 17 17 18 15 

1 1 1 1 18 18 18 18 16 

TMC2011 Package Interconnections 

Signal Signal 
Type Name Function 82 Package Pins Cl Package Pins 

Power Voo Supply Voltage 7 8 
GND Ground 18 21, 22 

Inputs 017_0 Data Input 12, 11, 10, 9, 4, 3, 2, 1 14, 13, 12, 10, 5, 4, 3, 2 

Outputs 007_0 Data Output 13, 14, 15, 16, 21, 22, 23, 24 15, 16, 17, 18, 26, 27, 28, 1 

Clock CLK Master Clock 8 9 

Controls L3-0 Length Select 19, 20, 6, 5 23, 24, 7, 6 

MC Mode Control 17 20 

TMC2111 Package Interconnections 

Signal Signal 
Type Name Function 82 Package Pins Cl Package Pins 

Power Voo Supply Voltage 7 8 

GND Ground 18, 17 21, 22, 20 

Inputs Dl7_0 Data Input 12, 11, 10, 9, 4, 3, 2, 1 14, 13, 12, 10, 5, 4, 3, 2 

Outputs 007_0 Data Output 13, 14, 15, 16, 21, 22, 23, 24 15, 16, 17, 18, 26, 27, 28, 1 

Clock CLK Master Clock 8 9 

Controls L3-0 Length Select 19, 20, 6, 5 23, 24, 7, 6 

TRW LSI Products Inc. 41 



TMC2011 /TMC2111 

Figure 1. Timing Diagram !Preset Length Controls) 

Note: I. L is "D07_4 Length" from Table 1. 

Figure 2. Length Control Operation 

CLOCK 

MODE, 
L3-0 

TMC2011 
D07.o 

TMC2111 
D07.Q 

Figure 3. Equivalent Input Circuit 
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TMC2011/TMC2111 ··~·· 
Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage .......................... ............................................................................ .. ....................................................... ........................ - 0.5 to + 7.0V 

Input Voltage ..................... . -0.5 to 1v00 +0.5)V 

Output 

Applied voltage 2 ..................................................................................... . -0.5 to 1v00 +0.5)V 

Forced current 3.4 ..... . .............................................. . - 3.0 to + 6.0mA 

Short-circuit duration !single output in HIGH state to ground) ............................... . . ........................... 1 Second 

Temperature 

Operating, case ······························································· ······································· ............................................ -60 to + 130°C 
junction ......................................................................................................................................................................... 175°C 

Lead, soldering 110 seconds) ......................................................................................................................................................... 300°C 

Storage ............................................................................................................................................................ . ........ -65 to + 150°C 

Notes: 1. Absolute maximum ratings are limiting values applied ind1v1dually while all other parameters are w1th1n spec1t1ed operating conditions. 
Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current l1m1ted to spec1f1ed range, and measured with respect to GND. 

3 Forcing voltage must be limited to specified range 

Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard 
Parameter Min Norn Max Min 

Voo Supply Voltage 4.75 5.0 5.25 4.5 

tpwL Clock Pulse Width, LOW 12 12 

tpwH Clock Pulse Width, HIGH 12 12 

ts Input Setup Time 12 14 

tH Input Hold Time 0 0 

VIL Input Voltage, Logic LOW 0.8 

V1H Input Voltage, Logic HIGH 2.0 2.0 

loL Output Current, Logic LOW 4.0 

loH Output Current, Logic HIGH -2.0 

TA Ambient Temperature, Still Air 0 70 

Tc Case Temperature -55 

TRW LSI Products Inc. 

Extended 
Norn Max Units 

5.0 5.5 v 
ns 

ns 

ns 

ns 

0.8 v 
v 

4.0 mA 

-2.0 mA 

oc 
125 oc 
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TMC2011/TMC2111 

DC characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

looo Supply Current, Quiescent Voo = Max, VIN = ov 5 10 mA 

loou Supply Current, Unloaded Voo = Max, t = 30MHz 30 35 mA 

Ill Input Current, Logic LDW v00 = Max, v1N = ov -10 -10 µA 

l1H Input Current, Logic HIGH Voo = Max, V1N = Voo + 10 +10 µA 

Vol Output Voltage, Logic LOW v00 = Min, loL = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 = Min, loH = Max 2.4 2.4 v 

los Short-Circuit Output Current Voo = Max, Output HIGH, one pin to -100 -100 mA 

ground, one second duration max. 

C1 Input Capacitance TA= 25°C, f = lMHz 10 10 pF 

Co Output Capacitance TA= 25°C, f = lMHz 10 10 pF 

Note: 1. Actual test conditions may vary from those shown. but guarantee operation as specified. 

Switching characteristics within specified operating conditions 1 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

tcLK Maximum Clock Rate v00 =Min 30 28 MHz 

to Output Delay Voo = Min, CLOAD = 40pF 20 24 ns 

tHo Output Hold Time Voo = Max, CLOAO = 40pF 3 3 ns 

Note: All transitions are measured at a 1.5V level. 

Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TMC2011B2C STD-TA=0°C to 10°c Commercial 24 Pin 0.3" CEROIP 2011B2C 

TMC2011B2V EXT-Tc= -55°C to 125°C MIL-ST0-883 24 Pin 0.3" CERDIP 2011B2V 

TMC2111B2C STD-TA= 0°C to 70°C Commercial 24 Pin 0.3" CEROIP 2111B2C 

TMC2111B2V EXT-Tc= -55°C to 125°C MIL-STD-883 24 Pin 0.3" CEROIP 2111B2V 

TMC2011C3V EXT-Tc= -55°C to 125°C MIL-STD-883 28 Contact Hermetic Ceramic Chip Carrier 2011C3V 

TMC2111C3V EXT-Tc= -55°C to 125°C MIL-STD-883 28 Contact Hermetic Ceramic Chip Carrier 2111C3V 

All parameters in this spec1f1cation are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. TRW reserves the right to change 
products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Life Support Policy - TRW LSI Products Inc. components are not designed for use rn life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal rn1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



TMC3220 

Three Port Register File 
32 Words x 8 Bits, 20MHz 

The TMC3220 is a 32 word x 8-bit three port register 
file with one write port and two read ports. Separate 
enable controis on ihe data input and two independem 
outputs allow considerable flexibility in applications 
requiring synchronous or asynchronous data buffering or 
bus multiplexing. Manufactured in TRW's OMICRON-C™ 
CMOS process, the TMC3220 operates at a guaranteed 
clock rate of 20MHz over the commercial ID to 70°C) 
and 15MHz over the extended I- 55 to + 125°C) 
temperature and supply voltage ranges. All input and 
outputs are TTL compatible. 

Utilizing two separate 32 word x 8-bit dual-port RAMs, 
the TMC3220 allows the user to store input data in one 
or both Register Files, as determined by the write 
address and enables. Individual read addresses and 
three-state output enables allow data to be read from 
either register file independently. 

The three-port register file is designed to operate with 
the TMC3200/3201 family of floating-point products, and 
has numerous applications as a scratch memory and 
flexible data buffer. Wider data paths and deeper 
memories are easily built by cascading multiple 
TMC3220s. 

Functional Block Diagram CLK 

OATA INPUT BUS ~---'--.J'J 
Dl7_0 

WRITE ADDRESS 
WA4_0 

Features 
• 20MHz Clock Rate 

• Configured For Use With TRW 32-Bit Floating-Point 
Product Family 

• Two Fully Independent Read Ports 
• Separate Write Enables 
• Easily Cascadable In Word Size And Depth 
• Low Power Consumption CMOS Process 
• Three-State 0 utputs 
• Available In A 48 Pin Hermetic Ceramic DIP Package 

Applications 
• Cache Memory For High-Speed Processors 
• Interface For Multiple-Bus Systems 
• Coefficient Storage For Image Processors 
• High-Speed Program Memory 

REGISTER FILE A 
132 WORDS x 8 BITS) 

REGISTER FILE B 
(32 WORDS x 8 BITS) 

READ 

DATA OUTPUT BUS A 
DOAJ-0 

DATA OUTPUT BUS 8 
0087_0 

...__ ____ _, ADDRESS B 

TRW LSI Products Inc. 
P.O. Box 2 4 72 
La Jolla, CA 92038 

Phone (619) 457-1000 
FAX (619) 455-6314 
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TMC3220 

Functional Block Diagram 

CLK 

DATA INPUT BUS ..----~~~ 
Dl7_0 

WRITE ADDRESS 
WA4_g 

Pin Assignments 
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REGISTER FILE A 
132 WORDS x 8 BITS) 

REGISTER FILE B 
132 WORDS x 8 BITS) 

READ 

----,.~--- ADDRESS B 

RAA3 1 48 RAA2 
RAA.4 2 47 RAA1 

DEA 3 46 RAAo 
DDAg 4 45 WEA 
DDA1 5 44 Yoo 
DDA2 6 43 Dlo 
GND 7 42 Dlt 

DOA3 8 41 Dl2 
DD~ 9 40 013 
DD~ 10 39 014 
DOA& 11 38 Dl5 
DDA7 12 37 CLK 
DDB7 13 36 DI& 
DOB& 14 35 017 
DDB5 15 34 WAg 
DDB4 16 33 WA1 
DDB3 17 ~ 32 WA2 
Yoo 18 31 WA3 

DDB2 19 30 w~ 
ooB1 20 29 GND 
DDBo 21 28 WEB 
B 22 27 RABo 

RAB4 23 26 RAB1 
RAB3 24 ~---~ 25 RAB2 

48 Lead Ceramic DIP - J4 Package 

-~··· ,,,.,. 

DATA OUTPUT BUS A 
DOA7_g 

DATA OUTPUT BUS B 
DOB7_0 

TRW LSI Products Inc. 



TMC3220 

Functional Description 

General Information 

The TMC3220 consists of two identical 32 word, 2-port RAMs. 
Data can be written to either or both register files as 
determined by the address and write enables. Data is 
independently read from either register tile via seperate read 
address and output enable controls. All interlace timing, except 
the output enables, is specified ra!ative to the rising edge of 
Clock ICLKI. All address and data inputs and outputs are 

Read Sequence 

Data can be read from either register tile, independent of any 
other read or write operation, by presenting a 5-bit read 
address. With the appropriate output enables selected, 8-bit 
data will be available at the outputs within the specified delay. 
Otherwise, the output enables force the output ports to a 
high-impedance state. 

Signal Definitions 

Power 

Voo. GND 

Clock 

CLK 

Inputs 

017 _o 

Outputs 

DDA7-o, 
0087_0 

The TMC3220 operates from a single + 5V 
supply. All pins must be connected. 

The TMC3220 has a single clock input All input 
registers are strobed on the rising edge of 
Clock, which is the reference tor all timing 
specifications except the three-state output 
enables. 

017 through Dlo is the 8-bit registered Data 
Input port tor register files A and B. 

DOA and DOB are the latched 8-bit Data 
Output ports tor register tiles A and B. 

TRW LSI Products Inc. 

registered, and both 8-bit read ports have independent 
three-state output enable controls. 

The TMC3220 is a flexible member of the TRW 32-bit 
floating -point product family. See the example on page 7, 
,.,h;"h ,..I,.,.~,.,.,..,,.,+ .. ,,,+,..,,., +h,.,. .. ,,, ..... + .. 1 ......... .., ..... ,..,+ +I... .... ........ ~; ..... +,..,,.. +:1 ..... ;_ -
vv1111 .... 11 Ut::lllUll.,)UQU;;.) Lilt UL>t::JIUl!tt::,),) UI Ult:: lt::~l,)tt::I Hlt: Ill d 

typical 32-bit floating-point application. 

Write Sequence 

Data is written into either register tile by presenting the 8-bit 
input data word, 5-bit write address, and the desired write 
enables to the input registers. Data is then written into 
memory alter the clock goes LOW. All inputs must meet the 
indicated timing requirements. 

The read cycle is initiated by the rising edge of Clock, and the 
data output latches are transparent while Clock is HIGH. The 
falling edge of Clock latches the read data and starts a write 
cycle, avoiding Read/Write contention. 

Controls 

WEA, WEB The registered Write Enables for register tiles A 
and B are ORed with Clock to allow the 
registered input data to be written to memory 
when LOW. 

The 5-bit Write Address determines which 
memory location in register tiles A or B are to 
receive data during a write operation. 

The 5-bit Read Address determines which 
memory location in register tiles A or B, 
respectively, will present data to the outputs 
alter the specified delay. 

The Output Ports tor register files A or B are in 
the high-impedance state when the respective 
Output Enable control is HIGH. 
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TMC3220 

Package Interconnections 

Signal Signal 
Type Name Function J4 Package 

Power Voo Supply Voltage 18, 44 

GND Ground 7, 29 

Clock CLK Clock 37 

Inputs Dl7_0 Data Input 35, 36, 38, 39, 40, 41, 42, 43 

Outputs DOA7_0 Data Output A 12, 11, 10, 9, 8, 6, 5, 4 

DOB7_0 Data Output B 13, 14, 15, 16, 17, 19, 20, 21 

Controls WEA Write Enable A 45 

WEB Write Enable B 28 

WA4_0 Write Address 30, 31, 32, 33, 34 

RAA4_0 Read Address A 2, 1, 48, 47, 46 

RAB4_0 Read Address B 23, 24, 25, 26, 27 

DEA Output Enable A 3 

DEB Output Enable B 22 

Figure 1. Data Read Timing Diagram 

CLK 

I 

---1 
DOA7_0, DA TAO DATA2 DATA3 
0087_0 ISEE NOTE 11 

Note 1. Assumes DEA and DEB = LOW. 

Figure 2. Data Write Timing Diagram 

CLK 

48 TRW LSI Products Inc. 



TMCJ220 

Figure 3. Equivalent Input Circuit Figure 4. Equivalent Output Circuit 

Voo 

n SUBSTRATE n SUBSTRATE 

03 

p WELL 

1KU 
n+ 

02 

p WELL 

.,.. GND 

} 
n 

01 

p+ -----o OUTPUT 
n+ 

02 

p WELL 

.,.. GND 

Figure !i. Threshold Levels for Three-State Measurements 

THREE-STATE 
OUTPUTS 

1ms o.sv 

0.5V 

HIGH IMPEDANCE 

Absolute maximum ratings (beyond which the device may be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7 .OV 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to tv00 +0.5Vl 

Output 

Applied voltage2 .............................................................................................................................................................................................. -0.5 to tv00 +D.5Vl 

Forced current3,4 ..................................................................................................................................................................................................... -1.0 to +6.0mA 

Short- circuit duration (single output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

junction ....................................................................................................................................................................................................................... 175°C 
Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ -65 to + 15D°C 

Notes: 
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions. 

Functional operation under any of these conditions is NOT implied. 

2. Applied voltage must be current limited to specified range, and measured with respect to GND. 

3. Forcing voltage must be limited to specified range. 

4. Current is specified as conventional current flowing into the device. 
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TMC3220 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Norn Max Min Norn Max Units 

Voo Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 
VIL Input Voltage, Logic LOW 0.8 0.8 v 
VIH Input Voltage, Logic HIGH 2.0 2.0 v 
1oL Output Current Logic LOW 4.0 4.0 mA 

loH Output Current Logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 oc 

Tc Case Temperature -55 125 oc 

DC characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

looo Supply Current, Quiescent Voo = Max, V1N = OV, OEA, OEB = HIGH 3 3 mA 

loou Supply Current, Unloaded Voo = Max, f = 20MHz, DEA, OEB = HIGH 30 30 mA 

11L Input Current, Logic LOW v00 = Max, v1N = av -40 -40 µA 

l1H Input Current, Logic HIGH v00 = Max, v1N = v00 40 40 µA 

Vol Output Voltage, Logic LOW Voo = Min, loL = Max 0.4 0.4 v 
VoH Output Voltage, Logic HIGH v00 = Min, loH = Max 2.4 2.4 v 
lozL Hi-Z Output Leakage Current, Output LOW v00 = Max, v1N = av -40 -40 µA 

loZH Hi-Z Output Leakage Current, Output HIGH v00 = Max, v1N = v00 40 40 µA 

1os 2 Short-Circuit Output Current Voo = Max, Output HIGH, one pin to ground, -100 -100 mA 
one second duration max. 

c11 Input Capacitance TA = 25°C, I = lMHz 10 10 pF 
Co2 Output Capacitance TA= 25°C, I= lMHz 10 10 pF 

Notes· Actual test conditions may vary from those shown, but guarantee operation as specified. 

2. Guaranteed but not tested. 

AC characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

tcv Cycle Time v00 = Min 48 64 ns 

tPWL Clock Pulse Width, LOW v0D = Min 20 25 ns 

tpwH Clock Pulse Width, HIGH vDD = Min 20 25 ns 

ts Input Setup Time 12 15 ns 

tH Input Hold Time 0 2 ns 

tD Output Delay VDD = Min, CLOAD = 40pF 36 45 ns 

tENA Three-State Output Enable Delay 1 V DD = Min, CLO AD = 40pF 20 20 ns 

trns Three-State Output Disable Delay 1 VDD = Min, CLOAD = 40pF 18 20 ns 

Note: 1. All transitions are measured at a 1.5V level except for to1s and tENA· 
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Application Notes 

Using the TMC3220 with the TRW 32-Bit Floating-Point 
Arithmetic Products 

The TMC3220 is a useful member of the TMC3200 family of 
32-bit floating-point products. Figure 6 demonstrates how it 
can be used with in conjunction with the TMC3200 
Floating- Point Arithmetic Unit and TM C3201 Floating - Point 
M11l1irliAr ro r.onfigurr 8 flexible floating-point 
Multiplier-Accumulator module. The MSW flag of the TMC3200 
is used to generate the least significant address bit for both 
TMC3220s, creating a multiplexed, "bit sliced" data path. The 
16-bit output of the two register files is input alternately to 
the LSW and MSW ports of the TMC3200, the upper TMC3220 
always storing the most significant and the lower TMC3220 
always storing the least significant 8 bits of the 16-bit data 
path 

Since both the input and output ports are registered, the 
TMC3220 can handle "write-in-place" algorithms with a two 
clock-cycle latency. Figure 7 shows the block diagram and 
data timing for an application using the TMC3200 
F!oating-Po!m ,l\rithmetic Unit in 3 usor-configurab!e 
floating-point accumulator path. Note that the read and write 
addresses are identical. Also, the two TMC3220s are stacked 
to handle the 16-bit data path. The user writes into a 
particular address of the TMC3220 on one clock cycle, then 
reads from the same address on the next. When write enable 
is active, the input data is latched on the rising clock edge, 
but the new data does not appear on the outputs until after it 
is clocked through to the output register on the next clock 
cycle. 

Figure 6. Multiplexed Addressing of the TMC3220 with TRW 32- Bit Floating- Point Arithmetic Products 

16 

BUS 
TMC3200 

ADDRESS TMC3220 
Bus@ BUS DI 

MSW 

WAo-4 
DOB 

MSW OUT 

WAl-4 WAo 

WAo-4 DOA BUS 
TMC3201 

TMC3220 
BUS© DI 

LSW 

RAA DUT 

16 
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Figure 7. Accumulator Path Utilizing TMC3220 

DATA BUS 

ADDRESS BUS 

Notes: 

CLK 

DIN, 
DACC 

RDA TA 

MSPO 

!NOTE 21 

A 

B 

2:1 
MUX 

LSPO 

1. RAA4_0 " RAB4_0 " WA4_0 

DIN 

MSP1 

MSPO 

2. Timing Parameters are not shown on this diagram. 

16 

TMC3220 
{2) 

RA, WA 

!NOTE 11 

LSP1 

LSPO 

DACC 

RDA TA 

MSP2 

MSP1 

TMC3200 

Et) OUT 

LSP2 

LSP1 

Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

TMC3220J4C STD-TA= 0°C to 70°C Commercial 48 Pin Hermetic Ceramic DIP 3220J4C 

TMC3220J4V EXT-Tc= -55°C to 125°C MIL-STD-883 48 Pin Hermetic Ceramic DIP 3220J4V 

All parameters contained 1n this specification are guaranteed by design, characterization, sample testing or 100% testing as appropriate. TRW reserves the right 
to change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

Lile Support Policy - TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the 
component can reasonably be expected to result in personal in1ury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of 
such use and indemnifies TRW LSI Products Inc. against all damages. 

TRW LSI Products Inc. 



Quality and Reliability 

Quality: Meeting the Customers' Expectations 
Reliability: Quality Over Time 

Quality and Reliability begin long before mask is set 
to wafer. Our customers expect our products to 
easily solve difficult problems. Our products are 
expected to meet every published specification. 
Every part ordered is expected to arrive on time. 
Every product delivered is expected to work to 
specification when it is installed, and continue to 
perform to specification until the system itself 
reaches end of life. 

These goals are accomplished through a rigorous 
program of product definition, development, 
characterization, process and product qualification, 
reliability testing, quality monitoring, reliability 
monitoring, and manufacturing controls. TRW's 
Total Quality Management (TQM) operating 
philosophy drives us to constantly improve every 
activity in the company, resulting in higher quality, 
more reliable, and more cost-effective products. A 
primary implementation tool is a company-wide 
Statistical Process Control (SPC) system that 
provides real-time feedback on the performance of 

Table 1. Product Manufacturing Flow Options. 

all critical nodes throughout the manufacturing 
process. Work In Process (WIP) is kept as small as 
possible to minimize cycle times and speed the 
correction of process variations. 

All employees have been trained in the process and 
procedures of Continuous Performance Improvement 
(CPI)TM as a means to resolve all manner of issues 
within our operations, and to implement changes to 
established systems. Numerous 
process-improvement teams are at work throughout 
the company analyzing, measuring, experimenting, 
testing, and implementing new methods and 
procedures. With company-wide participation, the 
TQM Operating Philosophy constantly reinforces the 
basic principle that the quality of the finished product 
(or service) is everyone's responsibility. 

Manufacturing Flows 

TRW LSI Products Inc. offers a number of 
manufacturing and screening flows to enable you to 
select the optimal product grade for your application. 
The flow used on a specific product is indicated by 
the grade: 

Manufacturing Operating 
Grade Designation Flow Figure Temperature Range 

A High-Rel High-Rel 1 -55°C to + 125°C 
B Industrial Commercial 2 -40°C to +85°C 
c Commercial Commercial 2 0°C to +70°C 
F Extended Temp Range Commercial 2 -55°C to + 125°C 
G Burned-in Com'I w/Burn-in 2 0°c to +70°C 
v MIL-STD-883 MIL-STD-883 1 -55°C to +125°C 

SMD Std Military Dwg MIL-STD-883 1 -55°C to +125°C 



Figure 1. Commercial and Industrial Product Flows 
(Grades B,C,F,G) 

Plastic 

Mold and Cure 

Waler Fabrication 

Wafer Probe 

Waler Saw and Dice 

High MaQnification Visual 

Fine and Gross Leak 
Method 1014 

Visual Inspection 

Preburn-in Electrical Test 

Burn-in 

24096A 
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Figure 2. Military and High-Rel Product Flows 
(Grades A,V, and SMD) 

V-Grade, SMD 

QUAL/QCI 

Wafer Fabrication 

Waler Saw and Dice 

High Magnification Visual 

Precap Visual Inspection 
Method 2010, Cond. B 

Sealing 

Temperature Cycling 
Method 1010, Cond. C 

Constant Acceleration 
Method 2001, YI Orientation Only 

Fine Leak Test 
Method 1014, Cond. A 

Gross Leak Test 
Method 1014, Cond. C 

Preburn-in Electrical Test 
z5·c 

Burn-in 
Method 1015, Cond. A, B, C, or D 

160 hours at 125° C 

Final Electrical Test 
125°, 25°, -55° c 

Method 5005, Group A, B. C, D 

External Visual 
Method2009 

TRW LSI Products Inc. 
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TRW's quality systems comprise MIL-M-38510, 
Appendix A for High-Rel (A-Grade), MIL-STD-883 
compliant (V-Grade), and Standardized Military 
Drawing (SMD) products; MIL-Q-9858, and 
MIL-I-45208 for Industrial (B-Grade), Extended 
Temperature Range (F-Grade), and Commercial 
(C,G-Grade) products. All quality systems adhere 
to MIL-STD-45662 for calibration of measurement 
and test equipment. 

Military Products 

Processing 

TRW LSI Products Inc offers three levels of products 
for military applications: 

V-Grade products are fully compliant with 
MIL-STD-883, Class B, and are processed in 
accordance with paragraph 1.2.1 of that specification. 

Selected products are available under the SMD 
(Standardized Military Drawing) program supervised 
by DESC (Defense Electronics Supply Center). 
These products are processed identically to the 
V -Grade product, but their specifications are 
controlled by the US government. They are screened 
to the electrical requirements of the applicable 
military drawing. The SMD program is intended to 
reduce the number of Source Control Drawings 
(SCDs) in the military system, and has been highly 
successful in that effort. TRW is pleased to add 
products to the SMD program when appropriate: 
contact the factory for information on products not 
yet included in the SMD inventory. 

A-Grade products receive the same screening as 
V-Grade products, but are not fully compliant with 
the current release of MIL-STD-883. These are 
typically older products that were introduced prior to 
revision C of MIL-STD-883. 

TRW LSI Products Inc. 

Quality Assurance Provisions 

TRW's military products are processed in accordance 
with the class B quality assurance level requirements 
of MIL-STD-883 and are 100% screened to the 
requirements Method 5004, outlined in Figure 2. 
After screening, Groups A, B, C, and D of 
MIL-STD-883, method 5005 are performed in 
support of V-Grade and SMD products. Inspection 
lots failing to meet these y_uaiity rnnformance 
inspections are rejected from further military 
processing. 

Group A inspection (Figure 3) consists of electrical 
testing, and is performed on each inspection lot or 
sublot. The test criteria are the electrical parameters 
specified for that individual device in the applicable 
device detail specification. Group A inspection(s) 
may also be performed in-line in accordance with 
Method 5005 of MIL-STD-883. 

Figure 3. Group A Inspection (Electrical Tests) 

Test Quantity (accept no.) 

Subgroup 1 
Static tests at 25°C 116 IOI 

Subgroup 2 
Static tests at maximum reated operating temperature 116 IOI 

Subgroup 3 
Static tests at minimum rated operating temperature 116 (0) 

Subgroup 4 
Dynamic tests at 25°C 116 IOI 

Subgroup 5 
Dynamic tests at maximum rated operating temperature 116 IOI 

Subgroup 6 
Dynamic tests at minimum rated operating temperatuer 116 IOI 

Subgroup 7 
Functional tests at 25°C. 116101 

Subgroup 9 
Switching tests at 25°C. 116 IOI 

Subgroup 10 
Switching tests at maximum rated operating temperature 116 IOI 

Subgroup 11 
Switching tests at minimum rated operating temperature 116 IOI 
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Group B inspection (Figure 4) consists of 
construction testing, and is performed on each 
inspection lot, or date code, for each package type 
and lead finish. Group B tests comprise Resistance 
to Solvents, Solderability, and Bond Strength. 
Alternate Group B inspection(s) may be performed 
on devices from each week of seal in lieu of being 
performed on each inspection lot, as allowed per· 
Method 5005. 

Figure 4. Group B Inspection (Construction Related Tests) 

Quantity 

Test Method Condition 
(accept no.) 

or LTPD 
Subgroup 2 
Resistance to 
solvents 2015 4 IOI 

Subgroup 3 (Note 1 I 2003 or Soldering temperature 
solderability 2022 of 245°C ±5°C. 10 

Subgroup 5 (Note 2) 
Bond Strength 2011 Condition C or D 15 

Note: 1 The LTPD for solderability test applies to the number of leads inspected, except no less 
than 3 devices shall be used to provide the number of leads required. 

2. The LTPD for bond strength test is the number of band pulls selected from a minimum 
of 4 devices 

Group C inspection (Figure 5) consists of die related 
tests which stress the silicon and circuitry. These 
tests include operating life and associated end point 
electrical tests for each microcircuit group for wafers 
fabricated during each calendar quarter. Group C 
qualifies the fabrication lot from which the sample 
was selected and all die from the same microcircuit 
group by the same fabrication line for a period of 
one year. 

Figure 5. Group C Inspection (Die Related Tests) 

Quantity 

Test Method Condition 
(accept no.) 

orLTPD 

Subgroup 1 Test conditions to be 5 
Operating life test 1005 specified (1,000 hours at 

125°C or equivalent) 

End point As specified per the 
electrical parameters applicable detail 

specification 

4 

Group D inspection (Figure 6) consists of package 
related tests and additional tests to stress the silicon 
die. They comprise Physical Dimensions, Lead 
Integrity, Hermeticity, Thermal Shock, Temperature 
Cycling, Moisture Resistance, Mechanical Shock, 
Vibration Variable Frequency, Constant 
Acceleration, Salt Atmosphere, Visual Inspections 
and End Point Electricals; and are performed on each 
package type and lead finish. Group D qualifies the 
inspection lot from which the sample was selected 
and all lots of the same package type and lead finish 
for a period of one year. 

Figure 6. Group D Inspection (Package Related Tests) 

Quantity 
(accept no.) 

Test Method Condition or LTPD 

Subgroup 1 
Physical diminsions 2016 15 

Subgroup 2 
Lead integrity 2004 Test Conditions 82 15 

(lead fatigue) 
Pin Grid Array 2028 Condtion D 
Seal (fine and gross) 1014 Test Condition A & C 

Subgroup 3 
Thermal shock 1011 Test Condition 8 - 15 cycles 15 
Temperature cycling 1010 Test condition C - 100 cycles 
Moisture resistance 1004 
Seal (fine and gross) 1014 Test condition A & C 
Visual examination Criteria per 1004 and 1010 
End point electrical As specified per the 
parameters applicable detail specification 

Subgroup 4 
Mechanical shock 2002 Test condition B 15 
Vibration, varible 
frequency 2007 Test condition A 
Constant acceleration 2001 Test condition D or E, Y1 axis 
Seal (fine and gross) 1014 Test condition A & C 
Visual examination Criteria per 1010 
End point electrical As specified per the 
parameters applicable detail specification 

Subgroup 5 
Salt atmosphere 1009 Test condition A 15 (0) 
Seal (fine and gross) 1014 Test condition A & C 
Visual examination Criteria per 1009 

Subgroup 6 3 IOI or 
Internal water vapor 1018 5,000 ppm maximum water 5(1) 
content content at 100°C. 

Subgroup 7 15 (0) 
Adhesion of lead finish 2025 

Subgroup 8 5(0) 
Lid Torque 2024 

TRW LSI Products Inc. 



Reliability 

TRW's integrated circuit operations were launched in 
the early 1960s to supply TRW's Spacecraft 
Manufacturing Sector with leading-edge 
semiconductors for advanced military satellite 
programs. In this application, reliability is of prime 
importance. 

TRW conducts primary research into factors 
affecting semiconductor life in benign and hostile 
environments, in worst-case design methodologies, 
in semiconductor degradation in severe thermal and 
radiation environments, in the impact of component 
reliability on system performance, and in design 
techniques to maximize system availability and 
performance. A recent product of this work is the 
CPU AX, a 0.5µ CMOS SuperChip comprising 
4.1 million active devices on a die 1.5 inches on a 
side, developed under VHSIC (Very Hig~ Speed 
Integrated Circuit) Program Phase II. This Processor 
performs 200 MFLOPS (Million Floating Point 
Operations per Second) and is self-testing, 
self-configuring, and self- healing. 

The semiconductor processes and design techniques 
that have been applied to the merchant 
semiconductor business by TRW LSI Products Inc. 
reflect this heritage. Worst-case design is standard 
practice. Worst-case specifications ar~ provi?ed on 
all devices. The processes employed (mcludmg our 
original one-micron triple-diffused bipolar process -
Omicron-BTM and advanced one-micron 

TRW LSI Products Inc. 

retrograde-well CMOS - Omicron-CTM) are 
fundamentally reliable. From the starting wafer 
material through final passivation, every step is 
conservatively designed, carefully simulated, and 
closely monitored to ensure that your confidence is 
well placed, and that your system will perform to 
specification throughout its life. 

All of these basic reliability-driving considerations 
are applied equally to product manufactured for 
satellites and to devices intended for PCs. They are 
designed to the same rules, built in in the same 
facility, monitored with the same process controls, 
and backed by the same reputation for reliability. 

And the proof is in the practice. Time and again, 
TRW satellites, employing TRW semiconductors, 
have substantially exceeded their design lives. 

Reliability Qualification 

Even with a rigorous design and manufacturing 
methodology, it is important to monitor the reliability 
of the resulting product, both as verification of the 
completed product and as input to improving the 
systems for the the future. TRW LSI Products Inc. 
has a formalized reliability qualification program 
with a focus on design, development and 
manufacturing aspects to ensure superior 
performance, reliability, and compliance with all 
specification requirements. Tables 2, 3, and 4 
outline the qualification guidelines. 
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Table 2. Reliability Qualification Requirements For H.ermetic Products 

Test/ 
Full Qualification Method 

TEST Duration LTPD A CC/SS Condition 

GROUP B TESTS 

B2 
Resistance to Solvents 15 0/15 2015 

B3 2003, 3 Devices, 
Solderability 15 0/15 5 Leads/Device 

LPTD Applies to No. of Leads 

B4 
Internal Visual 0/3 2014 

B5 2011, Cond.D, 4 Devices; 
Wire Bond Pull 15 0/15 4 Wires/Devices 

'LTPD Applies to No. of Wires 

B7 
Seal 

Fine Leak 5 0/45 1014, Cond. Al 
Gross Leak 5 0/45 1014, Cond. Cl 

B9 
Die Shear Strength 15 0/15 2019 

GROUP C TESTS 
C1 

Steady State Life Test 125°C 
Bipolar 1000 Hrs 5 2/105 1005, Cond. B 

or 
Dynamic Life Test 125°C 
CMOS 1000 Hrs 1005, Cond. D 

C2 
Temperature Cycle 10Cyc 15 2/34 1010, Cond. C 
Constant Acceleration 15 2/34 2001, Cond. E 130,000g} 

Y Orient Only 
Fine Leak 15 2/34 1014, Cond. Al 
Gross Leak 15 2/34 1014, Cond. Cl 
Visual Examination 15 2/34 
End Point Electricals 15 2/34 Per Applicable Device 

Spec@ 25°C 

GROUP D TESTS 
Dl 

Physical Dimensions 15 0/15 2016 
D2 

Lead Integrity 15 0/15 2004, Cond. B2 
Fine Leak 15 0/15 1014, Cond. A1 
Gross Leak 15 0/15 1014, Cond. Cl 

D3 
Thermal Shock 15 Cyc 15 2/34 1011, Cond. B 
Temperature Cycle 100 Cyc 15 2/34 1010, Cond. C 
Moisture Resistance 10 Cyc 15 2/34 1004 
Fine Leak 15 2/34 1014, Cond. A1 
Gross Leak 15 2/34 1014, Cond. C1 
End Point Electricals 15 2/34 Per Applicable Device 

Spec@ 25°C 

D4 
Mechanical Shock 15 2/34 2002, Cond. B 
Vibration, Variable Freq. 15 2/34 2007, Cond. A 
Constant Acceleration 15 2/34 2001, Cond E, Y Orient Only 
Fine Leak 15 2/34 1014, Cond. A1 
Gross Leak 15 2/34 1014, Cond. C1 
End Point Electricals 15 2/34 Per Applicable Device 

Spec @25°C 

24102A 
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Table 3. Reliability Qualification Requirements For Plastic Products 

Test/ 
Full Qualification Method 

TEST Duration LTPD A CC/SS Condition 
Cl I 2 

Steady State Life Test 1000 Hrs 5 2/105 I 005, Cond. B. I 25°C 
(Bipolar) 

Dynamic Life Test 1005, Cond D, I 25°C 
(CMOS) 

2 

85/85 (Temp/Humidity/Bias·THB) I 000 Hrs 5 1/77 JEDEC 22, AIOI, 85°C/85% RH 

3 
Pressure Cooker Test (PCT) 96 Hrs 7 1/55 JED EC 22, A 102, 2 Atm. 121°C 

200 
Temperature Cycle Cycles 7 2/75 1010, Cond. C, -£5°C to I 50°C 

50 
Thermal Shock Cycles 7 2/75 I 011, Cond, C -65°C to 150°C 

X·Ray 15 0/15 Top View 

Die Shear Strength 15 0/15 2019 

Wire 2011, Cond.D, 4 Devices, 
Bond Pull 15 0/15 4 Wires/Devices 

LTPD Applies to No. of Wires 

Bl ·Gp D, Sub 2 Test per 883 
Lead Integrity 15 0/15 2004, 4 Leads Per Unit 

B2 2025, 4 Leads Per Unit 
Adhesion of Lead Finish 15 0/15 LTPD Applies to No. of Leads 

B3 2003, 3 Devices, 
Solderability 15 0/15 5 Leads/Device 

LTPD Applies to No. of Leads 

B4 
Resistance to Solvents 15 0/15 2015 

85 
Physical Dimensions 15 0/15 2016 

Notes: Burn·in and life test temperature may be adjusted to a lower temperature so the junction temperature wil I not exceed plastic glass transition temperature for a 
specified molding compound. Junction temperature shall be 10°C lower than molding compound glass transition temperature. 

2. Interim readouts at 168, 500 and 1000 hrs. 

Interim readouts at 48 and 96 hrs. 

TRW LSI Products Inc. 

24103A 

7 



Table 4. Guidelines For Qualification Test Requirements 

QUALIFICATION 
OBJECTIVE OPR HIGH TEMP BONO OIE SOLDER LEAD SALT RESIS +MECH +CAVITY 

TEST LIFE STORAGE TIC TIS *STEAM *85/85 ESD PULL SHEAR ABILITY INTEG ATMOS SOLV. SEQ. MOIS. 

New Product x 0 0 0 0 0 x 
Die Metal x 0 x x x x x 

----

Glassivation x 0 0 x x 
Die Layout x 0 0 0 0 0 0 

Major Fab Process x 0 0 0 0 0 

New Fab Location x 0 x x x x 
New Assy. Location x x x x x x x x x x x x 
Wire Bond 0 x x x x 
Die Attach 0 0 x x 0 0 x x x 
Molding Compound x 0 x x x x 0 x 
Molding Process x x x x x 0 

Lead Frame 0 0 x x x x x 
Hermetic Package x x 0 0 x x 
Seal+ 0 0 0 0 x x x x x 
Lead Finish x x x 
Trim/Form x x 
Marking x x x 

Notes· + Hermetic Package Only * Plastic Only 
X Mandatory 0 Optional· May be required if data/engineering judgement indicates need for assessment 

Mech Seq.· Mechanical Sequence· Gp D. Subgroup 4 Testing 

Failure Rate Calculations and Predictions 

Accelerated stress testing is a very good means of 
performing reliability evaluations on semiconductor 
devices. Testing of this type induces certain 
reactions within the device and eventually causes it 
to degrade beyond specified operating limits (Figure 
7). The reaction rate associated with these changes is 
given in terms of thermal activation energy, Ea. 
Additionally, the reaction rate increases 
exponentially with temperature and relates to 
increases in device failure rates. The physiochemical 
process which relates reaction rate to temperature can 
be expressed in the form of the Arrhenius equation: 

R = R0 exp(-Ea I kT) (1) 

Where: R = Reaction rate as a function of time 

8 

and temperature 
R0 = Constant related to temperature 
Ea= Thermal activation energy in 

electron-volts, eV 
k = Boltzman's constant, 8.6 x 10-5 eV/°K 
T =Absolute temperature, °K (°C + 273) 

24104A 

Obviously, the choice of an appropriate activation 
energy is of significance and should be carefully 
determined. Table 5 defines common activation 
energies used for semiconductor devices. Figure 8 
represents the Arrhenius plot from which the data in 
Table 5 was derived. 

Figure 7. Failures vs Time (Bathtub Curve) 

RANDOM 
FAILURES 

TIME 

TRW LSI Products Inc. 
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Table 5. Activation Energies for Primary Failure 
Mechanisms 

Failure Mechanism 

Contamination 
Polarization 
Aluminum Migration 
Trapping 
Oxide Breakdown 
Silicon Defects 

Figure 8. Arrhenius Plot 

Ea 
1 - 1.4eV 
1 eV 
0.5 eV 
1 eV 
0.3 eV 
0.5 eV 

TIME 1---+---+--+--+---~__.rE._~--1-~L,,____, 
(HRS) 1---r--+----+---+--+---*f----+--c7_,__---1 

1.~eV / 1 evV 
102 1==+==1==+==t==~Lt:::::::j:===;~===1 t ± 

~ t o.aev/ 

104 l==+==l==+=_1_~==1:-==t=1F==l===I 

f t _i_IL 2l 

I/ v lL' 0.5~ 
103 l==:!==l==#=~==ilf===l:==Jlf::.====;I I I Z ::oi1'I 

Z Z Z Z 0.4eVZ,_ 

/J.L JL V'" L 

100 'ft_~ 
250 200 175 150 125 100 75 50 T(° C) 
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Determination Of Failure Rates 

In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 

Failure Rate = A = N 
DH 

Where: N = number of failure 
D = number of devices 
H = number of hours tested 

(2) 

Assuming that semiconductors exhibit a log normal 
distribution, the simple calculation above would 
coincide with a 50% confidence Level (C.L.), 
which is also known as the mean of the distribution. 
This indicates that 50% of the device population 
will have a failure rate equal to or less than the stated 
value. Other confidence levels may also be used (see 
Figure 5). 

Figure 9. Failure Distribution 

t z ... 
:::> 
Cl ... 
ff 

50% c. L. 
XMEAN 

/...FAILURE RATE 

90% c. L. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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Acceleration Factors 

The effects of temperature, time, voltage and other 
related functions is key. when predicting life times of 
semiconductor devices. Understanding these effects 
(i.e., failure analysis) with the use of a more accurate 
mathematical model, provides a better means of 
evaluating the change in reaction rate to changes in 
temperature. Hence, expressing .the Arrhenius 
equation in a different form will allow the 
extrapolation of a given failure rate at one 
temperature to a corresponding failure rate at 
another. This form of the Arrhenius is given as: 

F (Tl,T2) =exp (-Ea (_l ___ l )\ (3) 
k Tl T2 ~ 

Where: F =Acceleration factor 
Tl= Test temperature 
T2 = Desired temperature 

From the above, the equivalent device hours can be 
determined at temperature T2 for a specific Ea. 

EDH(T2) = F(Tl,T2) x DH(Tl) (4) 

The failure rate, A,, at T2 can be expressed as: 

l.(T2) = N (5) 
EDH (T2) 

Where: N = Number of failures 
EDH = Equivalent device hours 

Chi Square Function 

The most common method of failure rate 
calculations, which may be performed at any 
confidence level, is the use of the Chi Square, x2, 
function. 

A,:::;; X2(a, 2r + 2) 

2DH 

Where: a = 1 - C.L. (Confidence Level) 
r = Number of rejects 

10 

D = Number of devices tested 
H = Number of hours tested 

(6) 

From the failure rate, the MTTF (Mean Time To 
Fail) can be expressed as: 

MTTF= 1 (7) 
A, 

The FIT (Failures In Time) rate is the most common 
expression for failure rates. FITs are defined as 1 
failure in 1 x 109 hours. FITs are expressed in the 
form: 

FIT= __ x2_x_I0_9 __ 

2DH. x F(Tl,T2) 

Reliability Monitor Program 

(8) 

TRW LSI Products Inc. has an ongoing reliability 
monitor program to ensure early detection of any 
potential reliability concern. This program requires 
that periodic reliability testing be performed on 
various products in order to provide a basic library 
of reliability information. Gathering this information 
provide the data to direct appropriate steps for further 
evaluations or corrective actions. Table presents 
some of the reliability monitors performed. 

Table 6. Reliability Monitors 

Test Description Test Method 
Operating Life 2.000 hrs, 125°C 883, 1005 

Autoclave IPCTJ 96 hrs JED EC 22,A 102 

85/85 (THBI 1,000 hrs JED EC 22,A 101 

Thermal Shock 50 cycles 883, 1011/C 

Temp Cycle 100 cycles 883, 1010/C 

24109A 
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Reliability and Quality Assurance Department 

Policy 

It is the Policy of the Reliability and Quality 
Assurance Department of TRW LSI Products Inc. 
to ensure that defect-free products and services are 
provided that conform to corporate and customer 
requirements through Prevention Methodologies, 
Statistical Process Control, a.'ld Total Quality 
Management operational philosophies. 

Organization 

At TRW LSI Products Inc, the Reliability and 
Quality Assurance Department reports directly to the 
Vice President and General Manager and comprises 
four functional areas: 
• Quality Assurance/Quality Control 
• Reliability/Qualification 
• Failure Analysis/Analytical Services 
• Engineering Services (Document Control) 

Quality Assurance/Quality Control manages and 
implements quality programs to ensure the institution 
and verification of corrective actions. Specifically, 
Quality Control performs quality inspections and 
reports various quality statistics and indicies. 

TRW LSI Products Inc. 

Reliability/Qualification is responsible for 
reliability and qualification testing and performance 
of those tests required during screening and quality 
conformance testing. Additionally, this section 
provides reliability predictions and statistics to our 
customers on released products and processes. 

Failure Analysis/ Analytical Services provides the 
continued monitoring of manufacturing processes as 
established by Quality Assurance. Failure Analyses 
provide data to implement changes ensuring that 
repetitive type failures are prevented. 

Engineering Services (Document Control) 
maintains the Configuration Management and 
Document Control systems. These systems are used 
to manage and control the formal release of all 
documents to appropriate control files throughout 
manufacturing and engineering operations. These 
systems also ensure that the rules and processes 
employed in design and manufacturing are properly 
documented and controlled, and that changes are not 
implemented without proper review. 

11 
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Package Information 

Packaging is constantly evolving to meet the needs of the 
customer. We are active participants in the JEDEC JC-11 
committee on mechanical outlines, and the JEDEC JC-13 
committee on military specifications. Package outlines are 
designed to be in compliance with JEDEC Publication 95 
and MIL-M-38510 Appendix C outlines (where applicable). 

Products are offered in both hermetic and plastic versions. 
Hermetic packages offered include: 

1) Sidebraze multilayer ceramic DIPs in leadcounts 16 
thru 64 (.100 pitch), 

2) Top/bottom brazed multilayered ceramic formed lead 
DIPs in leadcount 64 (.100 pitch), 

3) CERDIP frit sealed in leadcounts 8 thru 40 (.100 
pitch), 

4) Ceramic quad flatpacks in leadcounts 64 (.040 and 
.050 pitch), 68 (.050 pitch), 84, JOO and 132 (.025 
pitch), 

5) Ceramic JEDEC Type C leadless chip carrier (.050 
pitch) in pad counts 28, 44, 68; 

6) Ceramic JEDEC Type A leadless chip carrier (.050 
pitch) in pad count 68; 

7) Ceramic brazed pin PGA (large outline, . JOO grid 
centers) in pin counts 68, 88, and 120; 

8) Metal DIPs in leadcounts 24 thru 46 (.100 pitch), 

9) Metal cans. 

Plastic packages offered include: 

I) Plastic DIPs in leadcounts 8 thru 64 (.JOO) pitch, 

2) Plastic leaded chip carrier in leadcounts 28 thru 84 
(.050 pitch), 

Product Marking 

Generic product's part number: 

1048 RJ C 1 E Speed Grade 

Screening: 

C ~Commercial 
Others are G, A, V, ... etc. 

Package Code: 

R3~2BL PLCC 
See detail drawing for others. 

~------ Basic Device Number (TDC1048) 

2 

-~·-· .. , .. 
3) Plastic small outline IC in leadcounts 8 thru 20 (.050 

pitch), 

4) Plastic pin grid array in leadcounts 68 thru 120 (. JOO 
pitch). 

See the device detail information to identify which packages 
are offered on a given device. 

Lead finish of the various packages arc: 

Package Code Gold Tin Solder Note 

Plastic DIP N x x 
Sidebraze DIP J x x 
Top/Bottom Brazed DIP J x x 
CERDIP B x 
Ceramic Quad Flatpack L, F x x x 
Type C Chip Carrier c x 
Type A Chip Carrier A x 
Ceramic PGA G x 
PLCC R x 
SOIC M x 
PPGA H x 
Metal DIPs s x 
Notes: 1. Solder ottered on most products. 

2. Solder offered on all MIL products. 

For hermetic packages, we use the same package materials 
for both military and commercial grade devices. You are 
ensured that commercial grade hermetic packages have been 
procured and qualified to the same standards used for our 
military grade products. 

The following codes, one of which is stamped on the back of 
each TRW LSI Products Inc. device, identify the "country of 
origin" in which the device was manufactured. 

Code Country of Origin 

Korea Korea 

Hong Kong Hong Kong, BCC 

Philippines Philippines 

Taiwan Taiwan 

CP San Diego, CA, U.S.A. 

SJ San Jose, CA, U.S.A. 

MA Massachusetts, U.S.A. 

TRW LSI Products Inc. 



A1 Package 
68 Contact Hermetic Ceramic Chip Carrier 
JEDEC Type A 

A1 

l.-----======:!----. 

T 

,------ - --- - ---, 

Top View 
Cavity Down 

'------------

TRW LSI Products Inc. 

A 

i 
T 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .075 11.90) .110 12.79) 

A1 .050 11.27) .070 11.78) 

B1 .033 I0.84) .039 (0.99) 

D .940 123 88) .960 124.38) Note 3 

D1 .075 11.90) Ref. 

Dz .800 120.32) Basic 

DJ .400 (10.16) Ref. 

e .050 11.27) Basic 

h .050 (1.27) Ref. 

i .040 11.02) Ref. 

L .040 11.02) .055 11.40) 

N 68, Note 4 

ND 17, Note 5 

Ref. 90X00181 

Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
10.1 Bmml of its true longitudinal position. 

3. Dimension 0: exclusive of package anomalies (lid misalignment, 
ceramic particles. etc.I. Such anomalies shall not exceed .010 inch 
(0.25mml 

4 Dimension N number of terminals. 

5 Dimension NO: number of terminals per package edge. 

6. Controlling dimension: inch. 

PIN 1 IDENTIFIER 

-
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82 Package 
24 Pin CERDIP 

Notes: 1. 

2. 

3. 

4. 

5. 

6. 

A notch or pin one identifier shall be located ad1acent to pin, one and 
within the shaded area shown. 

Dimension e: each prn centerline shall be located within .010 mch 
I0.25mm) of its true longitudinal position relative to pins 1 and N 
IN~ lead count). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane, 

Dimensions E1, e8 and ec measured to outside edge of lead 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive of package anomalies llrd misalignment 
ceramrc particles, etc,), Such anomalies shall not exceed .010 inch 
I0.25mm) 

7. Dimensions b, b1 and c: increase maximum limits by ,003 inch 
10.08mm) when solder finish applied 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades, 

10. Controlling dimension: inch 

28 13 

i::::::::::ni 
PIN 1 IDENTIFIER 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .150 (3.81) .200 (5.08) 

b .014 (0 36) .023 (0.58) 

b1 .050 11.27) .070 11.781 

hz .040 (1.02) Nominal 

c .008 (0 20) .015 (0.38) 

D 1.235 (31.37) 1.280 (32.51) 

E .280 (7 11) .305 (7.75) 

Ei .300 (7.62) .320 (8, 13) 

e .100 (2.54) Basic 

eA .300 (7 .62) Basic 

ea .400 (10.16) 

ec 
L .125 (3.17) .200 (5.08) 

N 24, Note 8 

0. .015 (0.38) .060 (1.52) 

o., .070 (1.78) 

s .098 (2.49) 

s, .005 (0 13) 

Ref 90X00181 

--=--=-~~~-=--=----;t Lr-c 
.l_ At BASE PLANE 01 F9 

f--s 

4 

SEATING PLANE Fi . 
''~t --+-L~~~~ -

ec-I t=-eA---11 
-es------! 

TRW LSI Products Inc. 
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83 Package 
20 Pin CERDIP 

Dimensions 

Notes: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

A notch or pin one identifier shall be located ad1acent to pm one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
IN= lead count). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions E1, e8 and ec: measured to outside edge of lead. 

Dimension eA: measured to lead center 

Dimensions D and E: inclusive of package anomalies !lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
10.25mm). 

Dimensions b, b1 and c: increase maximum limits by .003 inch 
10.0Bmm) when solder finish applied. 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch 

20 11 

PIN 1 IDENTIFIER I L 10 

- b1 

Sym Min 

A .150 13.81) 

b .015 I0.38) 

h1 .050 11.27) 

h2 
c .008 10.20) 
D 
E .220 15.59) 

E1 .290 17.37) 

e .090 12.29) 

eA 
ee .310 17.78) 

ec 
L .125 13.17) 

N 
n .020 10.51) 

n, 
s 
s, .005 I0.13) 

Ref. 90X00181 

Inches (Millimeters) 
Max Notes 

.200 15.08) 

.021 10.53) 

.060 11.52) 
.040 11.02) Nominal 

.012 10.31) 

.985 125.02) 

.310 17.87) 

.320 18.13) 

.110 12.79) 

.300 17.62) Basic 
.410 110.41) 

.200 15.08) 

20, Note 8 

.060 11.52) 

.060 11.52) 

1· ' ·1 Je";l 
~~1---+-i-L _eA_s_eP_L_AN_E_~S=EA=Tl=NG~P~LA=N=E----tffill 

: ~,'. ~ ' ~ +---. L. •c-1E:::~ rorn" 
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84 Package 
8 Pin CERDIP 

Notes: 1. A notch or pin one 1dent1f1er shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal position relative to pins 1 and N 
)N ~lead count). 

3. Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

4. Dimensions E1. e8 and ec: measured to outside edge of lead. 

5. Dimension eA: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment. 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm) 

Dimensions b, b1 and c: increase maximum limits by .003 inch 
(0.0Smm) when solder finish applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 

10. Controlling dimension: inch 

Dimensions 

Inches (Millimeters) 
Sym Min Max 

A .150 13.81) .200 15 08) 

b .015 10.38) .021 10.53) 

h1 .030 I0.76) .070 11.78) 

h2 
c .008 10.201 .012 I0.311 
D .400 110.16) 

E .220 15.56) .291 17.39) 

E1 .290 17.37) .320 18.13) 

e .090 12.29) .110 12.79) 

eA 
ee .310 17.78) 

ec 
L .125 13.17) .200 15.08) 

N 
n .020 I0.511 .060 11.52) 

n, 
s .055 11.40) 

s, .015 10.38) 

Ref. 90XOO 181 

r-0 ~1 0 \ 12" rn •1 
, ~ SEATING PLANE . 1 _,-~ 

Notes 

.040 11.02) Nominal 

.300 17 .62) Basic 

.410 110.41) 

8, Note 8 

j _ _L__t~t-LBAS_EPLAN_E~~-~-·~ 
s If-- -1 ~ b2 ec--[ lt=-eA --I I 
s1 - --es-----.! 20104A 

- -«-b 
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85 Package 
40 Pin CERDIP 

Notes: 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

10. 

40 

A notch or pin one identifier shall be located ad1acent to pin one and 
within the shaded area shown 

Dimension e: each pin centerline shall be located within .010 inch 
(0.25mml of its true long1tud1nal pos1t1on relative to pins 1 and N 
IN~ lead count!. 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane 

D1mens1ons E1, e8 and ec: measured to outside edge of lead. 

01mens1on eA: measured to lead center 

Dimensions D and E: inclusive of package anomalies (lid m1sal1gnment. 
ceramic particles, etc.I Such anomalies shall not exceed .010 inch 
(0.25mml. 

Dimensions b, b1 and c: increase maximum limits by .003 inch 
(0.08mml when solder finish applied 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades 

Controlling dimension: inch 

?IN 1 IDENTIFIER 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A .150 13.81) 

b .014 I0.361 

b1 .050 11.271 

b2 
c .008 10.201 
0 2.030 (51.56) 

E .510 112.951 

E1 .590 114.991 

e 

eA 
es 
ec 
L .125 13.171 
N 
0. .015 10.381 

o., .070 11.78) 

s 
s, .005 I0.131 

Ref. 90X00181 

21 

ii~iri' 

Inches (Millimeters) 
Max Notes 

.225 15.721 

.023 I0.581 

.065 11.651 
.040 11.021 Nominal 

.015 I0.381 
2.096 (53.24) 

.600 115.241 

.620 115.751 
.100 12.541 Basic 

.600 115.241 Basic 
.700 117.781 

.200 15.081 
40, Note 8 

.060 11.521 

.098 12.491 

20105A 
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86 Package 
28 Pin CERDIP 

Notes: 1. 

2. 

3. 

4. 

5. 

6 

7. 

8. 

9. 

10. 

28 

A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
[D.25mm) of its true longitudinal position relative to pins 1 and N 
IN= lead count). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions E1, e8 and ec: measured to outside edge of lead. 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive of package anomalies !lid misalignment. 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
[0.25mm). 

Dimensions b, b1 and c: increase maximum limits by .003 inch 
[0.08mm) when solder finish applied. 

Dimension N: number at' leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch 

15 

IT 

Dimensions 

Sym Min 

A .150 13.81) 
b .014 I0.36) 

b1 .050 (1.27) 

b2 
c .008 10.20) 
D 1.435 136.45) 
E .500 112.70) 

E1 .590 (14.99) 

e 

BA 
ee 
ec 
L .125 13.17) 
N 
Q .015 (0.381 

01 .070 (1.78) 
s 
s, .005 (0.131 

-·""....,...,...,._,_....,...,...,-.-,...,..,......,...,...,..,......,....,...,...,...,..,....,..-~. Rel. 90X00t81 

PIN 1 IDENTIFIER 

~ 1--s 

8 

Inches (Millimeters) 
Max Notes 

.200 15.08) 

.023 10.58) 

.070 !1.78! 
.040 11.02) Nominal 

.015 10.38) 
1.480 137 .59) 
.600 (15.24) 

.620 115.75) 
.100 (2.54) Basic 
.600 115.24) Basic 

.700 (17.78) 

.200 (5.08) 
28, Note 8 

.060 11.52) 

.098 12.49) 

-1~::--1 1 
20106A 
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87 Package 
24 Pin CERDIP 

Notes: A notch or pm one identifier shall be located ad1acent to pin one and 
within the shaded <JreLl shown. 

2. Dimension e: each pm centerline shall be located within DID inch 
ID.25mm) of its true longitudinal position relative to pins I and N 
)N =lead count). 

Dimensions E1 and BA measured with leads perpendicular to the base 
plane. 

Dimensions E1. e8 and ec measured to outside edge of lead 

5. U1menJ1u11 eA. 1r1ed~ureU tu ieciU u:.:11Lt:1 

Dimensions D and E inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.) Such anomalies shall not exceed .DID inch 
ID 25mml 

7. Dimensions b, b1 and c: increase maximum limits by .D03 inch 
10.0Smm) when solder finish applied. 

D1mens1on N. number of leads 

9. Standard lead finish is tin plate for all grades. 

10 Control I mg dimension inch. 

24 13 

TRW LSI Products Inc. 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .150 13.81) .200 15.08) 

b .014 10.36) .023 10.58) 

h1 .050 11.27) .070 11.78) 

hz .040 (1.02) Nominal 

c .008 (0.20) .015 I0.381 
D 1.235 (31.40/ 1.280 (32.51) 

E .510 (12.95) .610 115.49) 

E1 .590 (14.99) .620 115.75) 

e . 100 (2.54) Basic 

eA .600 (15.24) Basic 

es .700 (17.78) 

ec 
L .125 13.17) .200 (5.08) 

N 24, Note 8 
Q .015 (0.38) .060 11.52) 

01 .070 (1.78) 

s .098 (249) 

S1 .005 (0, 13) 

Ref. 90XOO 181 

20107A 
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BB Package 
18 Pin CERDIP 

Dimensions 

Notes: 

10 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. · · 

Dimension e: each pin centerline shall be located within .010 inch 
I0.25mm) of itS true longitudinal position relative to pins 1 and N 
IN= lead count) 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions E1, e8 and .ec: .measured to outside edge of lead. 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive· of package anomalies !lid misalignment, 
ceramic particles. etc.). ·such anomalies shall not exceed .010 inch 
10.25mm). 

Dimensions b, b1 and c: increase maximum limits by .003 inch 
I0.08mm) w~en solder finish applied. 

Dimension N: number of leads. 

Standard lead finish is tin plate for all grades. 

Controlling dimension: inch. 

18 10 

Sym 

A 
b 

b1 
bz 
c 
D 
E 

E1 
e 

eA 
ee 
ec 
L 
N 

Inches (Millimeters) 
Min Max Notes 

.150 (3.81) .200 (5.08) 

.014 (0.36) .023 (0.58) 

.050 (1.27) .065 (1.65) 
.040 .(1.02) Nominal 

.008 (0.20) .015 (0.38) 

.875 (22.22) .920 (23.37) 

.280 (7.11) .305 (7.75) 

.290 (7.37) .320 (8.13) 
.100 (2.54) Basic 
.300 (7 .62) Basic 

.400 (10.16) 

.125 (3.17) .200 (5.08) 
18, Note 8 

a:;:::::::ni. 
PIN 1 l~ENTIFIER -I \- b1 

9 

Q .015 (0.38) .060 (1.52) 

n, .070 (1.78) 

s .098 (2.49) 

s, .005 (0.13) 

Ref. 90XOO 181 

t::Fi::::Fi::::=;::::r=o==ci""'CF'CFFCm:::l'--;-r _er- c 

_l_ At BASEPLANE 01 ~ SEATING PLANE :::-1= 
"~t ---+-L -~~-- 1-1 

-1 e ~ ec-1 CeA--J i 
~ee---I 201oaA 

TRW LSI Products Inc. 



89 Package 
16 Pin CERDIP 

Notes: 1. A notch or pin one identifier shall be located ad1ace.nt to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
10.25mml of its true longitudinal position relative to pins 1 and N 
IN= lead count). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

4. Dimensions E1. e8 and ec: measured to outside edge of lead. 
nimi:>n<:inn P,. mo~<:I irorl tn lo~rl l'Ontor 
-····~ .. ~·~·· ..,A ... ~-~- . ..,- -~ ·~-- ~"'"""'' 

6. Dimensions D and E: inclusive of package anomalies !lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 rnch 
10 25mml 

7. Dimensions b. b1 and c: increase maximum limits by .003 inch 
10.0Bmml when solder f1nrsh applied. 

8. Dimension N: number of leads. 

9. Standard lead finish is tin plate for all grades. 

10. Controlling dimension: rnch 

16 

TRW LSI Products Inc. 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .150 (3.81) .200 (5.08) 

b .014 (0.36) .023 (0.58) 

h1 .050 (1.27) .065 (1.65) 

h2 .040 (1.02) Nominal 

c .008 (0.20) .015 (0.38) 

D .150 n 9.o5} .820 (20.83) 

E .240 (7.11) .305 (7 75) 

E1 .290 (7.37) .320 (5.13) 

e .100 (2.54) Basic 

eA .300 (7.62) Basic 

ee .400 (10.16) 

ec 
L .125 (3.17) .200 (5.08) 

N 24, Note 8 

a .015 (0.38) .060 (1.52) 

a, .070 11.78) 

s .080 (2.03) 

s, .005 (0.13) 

Ref. 90XOO 181 

11 



C1 Package 
68 Contact Hermetic Ceramic Chip Carrier 

43 

27 

i j 

A II HHHHHHHHHHHHHHHHHI I 
t 

PIN 1 IDENTIFIER 

12 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .082 (2.08) .110 (2.79) 

81 .022 (0.56) .028 (0.71) 

83 .006 (0.15) .022 10.56) 

D .938 (23.82) .962 (24.43) 

o, .075 (1.90) Ref . 

Dz . 800 (20.32) Basic 

03 .400 (10.16) Basic 

05 .850 (21.59) Ref . 

e . 050 (1.27) Basic 

e1 .015 (0.38) 

h .040 (1.02) Ref . 

i . 020 (0.51) Ref. 

l .045 (1.14) .055 (1.40) 

l4 .003 (0.08) .015 (0.38) 

l5 .075 (1.91) .095 (2.41) 

N 68, Note 4 

ND 17, Note 5 

Ref. 90XOO 181 

Notes: 1. A pin one identifier shall be located adjacent to pm one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
10.1 Bmm) of its true longitudinal pos1t1on. 

3. Dimension D: exclusive of package anomalies !lid misalignment 
ceramic particles. etc.). Such anomalies shall not exceed .010 inch 
10.25mm). 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 

TRW LSI Products Inc. 



C2 Package 
44 Contact Hermetic Ceramic Chip Carrier 

fli r::::= r ===' =====:11 I 28 

I 44 
D 

L 18 

7 17 

A II HHHHHHHHHHA 11 

I 

I -·--05----<--~1 
);fl 

TRW LSI Products Inc. 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .064 (1.62) .110 (2.79) 

e, .022 (0.56) .028 (0.71) 

83 .006 (0.15) .022 (0.56) 

D .640 (16.26) .660 (16.76) 

o, .075 (1.90) Ref. 

Dz .500 (6.35) Basic 

03 .250 (6.35) Basic 

05 .550 (13.97) Ref. 

e .050 (1.27) Basic 

e1 .015 (0.38) 

h .040 (1.02) Ref. 

i .020 (0.51) Ref. 

L .045 (1.14) .055 (1.40) 

L4 .003 (0.08) .015 (0.38) 

L5 .075 (1.91) .095 (2.41) 

N 44, Note 4 

ND 11, Note 5 

Ref. 9DXD0181 

Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
(0.1 Bmm) of its true longitudinal position. 

3. Dimension D: exclusive of package anomalies !lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(0.25mm). 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 

13 



CJ Package 
28 Contact Hermetic Ceramic Chip Carrier 

l•---D------
,_,__ ___ Dz----..,-1 

25 19 

18 

12 

11.HHHHHHHl'TI 

14 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .064 11.62) .100 12.54) 

e, .022 10.56) .028 I0.71 l 
83 .006 I0.15) .022 I0.56) 

D .442 111 .23) .460 111.68) 

D1 .075 11.90) Ref. 

Dz .300 17 .62) Basic 

D3 .150 13.81) Basic 

D5 .350 18.89) Ref. 

e .050 11.27) Basic 

e1 .015 I0.38) 

h .040 11.02) Ref. 

i .020 I0.51) Ref. 

L .045 11.14) .055 11.40) 

L4 .003 IO 08) .015 I0.38) 

L5 .075 11.91) .095 12.41) 

N 28, Note 4 

ND 7, Note 5 

Ref. 90X00181 

Notes: 1. A pin one identifier shall be located adjacent to pm one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 mch 
[0.18mm) of its true longitudinal position. 

3. Dimension D: exclusive of package anomalies [lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 mch 
[0 25mm) 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch. 

TRW LSI Products Inc. 



GO Package 
68 Pin Grid Array, Cavity Down 
with Flat Heat Sink 

Notes: 1 Pin one identifier shall be within shaded area shown 

2. Dimension M: defines matrix size. 

3 Dimension N defines pin count. 

4. Controlling dimension: rnch. 

5 Optional ITRW option) rndex pin. 

SEE NOTE 1. 

TRW LSI Products Inc. 

-B-

Dimensions 

Sym Min 

A .120 13.05) 

A1 .025 I0.631 

A2 .150 13.81) 

q,B .017 I0.431 

1>81 

<1>82 

D 1.140 128.96) 

D1 
e 

L .120 (3.05) 

M 

N 

Ref. 90X00181 

Inches !Millimeters) 
Max Notes 

.185 14.70) 

.060 11.52) 

.240 16.10) 

mo I0.511 

080 !2 03) 

.050 11.27) Nominal 

1.180 129.97) 

1.000 125.40) Basic 

.100 12.54) Basic 

.140 13.56) 

11, Note 2 

68, Note 3 

KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 

20125A 

15 



G5 Package 
89 Pin Grid Array 

Notes: 1. Pin one identifier shall be within shaded area shown. 

Z. Dimension M: defines matrix s11e. 

3. Dimension N: defines pin count 

4. Controlling dimension: inch. 

5. Optional (TRW option) index pin. 

1-< -0------1 

PIN 1 IDENTIFIEA 

16 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .080 1203) .125 13.18) 

A1 .040 11.021 .060 11.52) 

A2 . ii 5 (2.92) .i90 14.83) 

<t>B .011 I0.431 .020 I0.511 

<t>B1 .080 1203) 

<1>B2 .050 11.27) Nominal 

D 1.340 134.04) 1.380 135.05) 

o, 1.200 (30.48) Basic 

e .1 CO (2.54) Basic 

L .120 13.05) .150 13.81) 

M 13, Nole 2 

N 88, Note 3 

Ref. 90X00181 

__ _.0 0 0 0 0 0 0 0 0 0 0 ®> 
e r -- -8-0 0 0 0 0 0 0 0 0 0 0 0 

00 00 
0 0 0 0 
0 0 0 0 

~-~00 f 0 0 
00 
00 

BOTTOM VIEW 
00 
00 
00 
00 

0 0 0 0 
ORIENTATION PIN ----......,,.,_ ~ 

0 0 ~ 0 0 
0000000000000 

-- _.0 0 0 0 0 0 0 0 0 0 ~ ®> 

20130A 

TRW LSI Products Inc. 



GB Package 
68 Pin Grid Array 

Notes: 1. Pin one identifier shall be within shaded area shown. 

2. Dimension M: defines matrix size. 

3. Dimension N: defines pin count. 

4. Controlling dimension: inch. 

5. Optional !TRW option) index pin. 

-e-

SEE NOTE 1 

TRW LSI Products Inc. 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .080 (2.03) .125 (3.18) 

At .040 (1.02) .060 (1.52) 

A2 .115 (2.92) .190 (4.83) 

</>8 .017 (0.43) .020 (0.51) 

<1>81 .080 {2.03} 

¢82 .050 (1.27) Nominal 

D 1.140 (28.96) 1.180 (29.97) 

o, 1.00 (25.4) Basic 

e .100 (2.54) Basic 

L .120 (3.05) .150 (3.81) 

M 11, Note 2 

N 68, Note 3 

Ref. 90XOO 181 

000000000 
0®0000000@0 
00 00 
00 00 
00 00 
00 00 
00 SEENOTES 00 
00 ~. 00 
00 "'800 
0®0000000®0 

1 000000000..[) 
' I I 

------D1-----i-

KEY (BOTTOM SIDE) FOR PIN ONE IDENTIFIER 

20133A 

17 



H5 Package 
121 Printed Circuit Board 
Pin Grid Array, Cavity Up 

Notes: 1. Pin one identifier shall be within shaded area shown. 

18 

2. Pin diameter excludes solder dip finish. 

3. Dimension M: defines matrix size. 

4. Dimension N: defines the maximum possible number of pins. Orientation 
pin is at supplier's option. 

5. Controlling dimension: inch. 

©©©©0©0©00©00 
00©©000000©0© 
©©00©©0©0©00© 
©©© 00© 
©©© ©©O 
©©© ©©© 
©O© ©©O 
©0© 000 
©©© c:iro o 
© ©.© ,©.© 0 
©©O 

0000000000 
00©0©©©00©0 

PIN 1 IDENTIFIER 

D1 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .125 (3.17) .215 (5.46) 

A1 .080 (2.03) .160 (4.06) 

<i>B .016 (0.41) .020 (0.51) Note 2 

<i>Bz .050 (1.27) Nominal, Note 2 

D 1.340 (34.04) 1.380 (35.05) Square 

o, 1.200 (30.48) Basic 

e .100 (2.54) Basic 

L .110 (2.79) .145 (3.68) 

L1 .170 (4.32) .190 (4.83) 

M 13, Note 3 

N 120, Note 4 

Q .040 (1.02) .060 (1.52) 

Ref. 90XOO 181 

-'-- --&-© © © © 0 0 0 0 © 0 © 0 

:[---- --&-0 0 © © 0 © 0 0 .o 0 0 © 
1 · 0000000000000 

000 000 

BOTTOM VIEW 
O©O 00© 
O O © ORIENTATION o O O 
0 0 0 PIN~ 0 0 0 
O©O 0000 
.0©00000©00000 
©000000000000 

- - --&-0 0 © 0 0 0 0 0 0 0 0 0./ 

20141A 

TRW LSI Products Inc. 



H7 Package 
89 Printed Circuit Board 
Pin Grid Array, Cavity Up 

Notes· 1 Pin one identifier shall be within shaded area shown. 

2. Pin diameter excludes solder dip finish 

3 Dimension M: defines matrix s11e. 

4 Dimension N: defines the maximum possible number of pins. Orientation 
pin 1s at supplier's option 

5 Controlling dimension: inch 

1· 
© © 
© © 
©© 
©© 
©© 
©© 
©© 
©© 
©© 

© 
© 

© © © 
© © © 

D 

© © 
© © 

©© ©© © 
© ©©©© 

©© 
©© 
©© 
©© 
©© 
©© 
©© 

©© 
©©© 

©© 
©© 

©©©©©©©©©© 
©©©©©©©©©©© 

©© 

TRW LSI Products Inc. 

D1 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .125 (3.17) .215 15.46) 

Al .080 12.03) '160 14.06) 

q,B .016 I0.411 .020 10.51) Note 2 

<1>82 .050 11.27) Nominal, Note 2 

D 1 .340 !34.04) 1.380 l35.05) Square 

D1 1.200 130.48) Basic 

e .100 12.54) Basic 

L .110 12.79) '145 13.68) 

L1 .170 14.32) .190 14.83) 

M 13, Note 3 

N 88, Note 4 

Q .040 (1.02) .060 11.52) 

Ref. 90XOO 181 

-- ---0--© © ©©©©© © © © © © 
e t-- ---0--©©©©©©©© © © © © 

©© © © 
©© © © 
©© ©© 
©© ©© 
©© BOTTOM VIEW ©© 
© © © © 
©© ©© 
©© 

ORIENTATION PIN~ 
© © • ©© © © 

©©©©©©©©©©© © © 
-- ---0--©©©©©©©©©© © © 

20143A 
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HS Package 
69 Printed Circuit Board 
Pin Grid Array, Cavity Up 

Notes: I. Pin one identifier shall be within shaded area shown. 

2. Pin diameter excludes solder dip finish. 

20 

3. Dimension M: defines matrix size. 

4. Dimension N: defines the maximum possible number of pins. Orientation 
pin is at supplier's option. 

5. Controlling dimension: inch. 

1~ 
©©©©©©©©© 

© © © © © © l(:ll © © © © 
©© ©© 
©© ©© 
©© ©© 
©© ©© 
©© ©© 
©© .© © 

©© 

©©©©©©©© 

PIN I IDENTIFIER 

D1 

Dimensions 

Inches (Millimeters) 

Sym Min Max Notes 

A .125 13.17) .215 15.46) 

At .080 12.03) .160 14.06) 

c/>B .016 I0.411 .020 I0.511 Note 2 

<t>Bz :050 11.27) Nominal, Note 2 

0 1.140 128.96) 1.180 129.97) Square 

Dt 1.000 125.40) Basic 

e .100 12.54) Basic 

L .110 12.79) .145 13.68) 

Lt .170 14.32) .190 14.83) 

M 11, Note 3 

N 68, Note 4 
Q .040 11.02) .060 11.52) 

Ref. 90XOD181 

-©©©©©©©©© 
--&-©©©©©©©©©© 
©© 
©© 
©© 
©© BOTIOMVIEW ©© L ©© ©© 
© © ORIENTATION © 0 

PIN 

--- ~ ~ © © © © © © © ~ ~ 
.... © © © 0 0 © © © 

20144A 

TRW LSI Products Inc. 



JO Package 
64 Pin Hermetic Ceramic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mml of its true longitudinal position relative to pins 1 and N 
(N = leadcountl. 

3. Dimensions E1, E3 and eA: measured with leads perpendicular to the 
base plane. 

4. Dimensions E1, e8 and ec: measured to outside edge of lead. 
b. U1mens1ons c3 and eA: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.I. Such anomalies shall not exceed .Q10 inch 
(0.25mm). 

7. Dimension N: defines pin count. 
8. Controlling dimension: inch. 

PLANE >., -:f--c 
1 

-~·~ .rk : -t1 
64 

PIN 1 IDENTIFIER 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A .120 (3.05) 

b .015 (0.38) 

b1 .040 11.021 

c .008 (0.20) 

D 3, 170 (80.52) 

E .880 (22.35) 

E1 .890 122.61) 

B 

BA 
•e 
•c 
L .125 (3.17) 

N 
Q .025 (0.63) 

s 
s, .005 (0.13) 

Sz .005 (0.13) 

Ref. 90X00181 

ii~iri' 

Inches (Millimeters) 

Max Notes 

.175 14.44) 

.023 10.58) 

.065 11.65) 

.015 10.38) 

3.240 182.30) 
,910 123.11) 

. 930 123.62) 

.100 12.54) Basic 

.900 122.86) Basic 

1.000 (25.40) 

.175 14.44) 

64, Note 7 

.065 11.65) 

.100 (2.54) 

33 

ITT 
32 

21 



J1 Package 
64 Pin Hermetic Ceramic DIP 
Bottombraze with Heat Sink 

Notes A notch or pin one ident1f1er shall be located ad1acent to pin one and 
within the shaded area shown 

2. Dimension e: each pin centerline shall be located within .D10 inch 
(0.Z5mmi of its true iongiludir1ai µu0ition relative to pins 1 and N 
(N ~ leadcount). 

3. Dimensions E1. E3 and eA: measured with leads perpendicular to the 
base plane. 

4. Dimensions E1. e8 and ec: measured to outside edge of lead. 

5. Dimensions E3 and eA: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies (lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
(025mm) 

7. Controlling dimension: inch. 

8. Dimension 01: measured from lead braze/ceramic interface. 

9 Dimension N: defines pm count 

Dimensions 

Sym Min 

A .190 14.83) 

b .015 I0.38) 

b1 .040 (1.02) 

c .008 10.201 

D 3.170 180.52) 

E .790 120.07) 

Et .880 122.35) 

E3 .025 I0.63) 

e 

eA 
ea 
ec .000 10.001 

L .125 13.17) 

N 
Q .050 11.27) 

o, .026 10.66) 

s 
s, .005 10.13) 

S2 .060 11.52) 

Ref. 90X00181 

Inches (Millimeters) 

Max Notes 

.275 .16.99) 

.023 10.58) 

.065 (1.65) 

.015 I0.381 

3.240 182.30) 

.810 120.57) 

.930 12362) 

.100 12.54) Basic 

.900 122.86) Basic 

1.050 126.67) 

.175 1444) 

64, Note 9 

.100 12.54) 

.100 12.54) 

r- 0--- --- 82 

PIN 1 IDENTIFIER 

22 TRW LSI Products Inc. 



JJ Package 
64 Pin Hermetic Ceramic DIP 
Bottom braze 

Notes: 1 A notch or pm one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pm centerline shall be located within .D10 inch 
(0.25mml of its true longitudinal position relative to pins 1 and N 
(N = leadcountl. 

3. Dimensions E1. E3 and eA measured with leads perpendicular to the 
bi3SP. rlcmP 

Dimensions E1, e8 and ec: measured to outside edge of lead. 

5. Dimensions E3 and eA: measured to lead center. 

Dimensions 

Sym Min 

A .125 (3.17) 

b .015 (0.38) 

b1 .040 (1.02) 

c .008 (0.20) 

0 3.170 (80.52) 

E .790 (20.07) 

E1 .880 (22.35) 

E3 .025 (0.63) 

e 

Inches (Millimeters) 

Max Notes 

.200 (5.08) 

.023 (0.58) 

.065 (1.65) 

.015 (0.38) 

3.240 (82.30) 

.810 (20.57) 

.930 (23.62) 

. 100 (2.54) Basic 
6. Dimensions D and E: inclusive of package anomalies (lid m1sal1gnment. 

ceramic particles, etc.I. Such anomalies shall not exceed .D10 inch 
(025mml 

7. Controlling dimension: inch 
eA .900 (22.86) Basic 

8 Dimension 01: measured from lead braze/ceramic interlace 

9. Dimension N: defines pin count 

.------E3---j-...; 1---1 

ea 
ec 
l 
N 
0 
o, 
s 

1.050 (26.67) 

.125 (3.17) .175 (4.44) 

64, Note 9 

.050 (1.27) .100 (2.54) 

.026 (066) 

.100 (2.54) 

BASE PLANE r 4j_L 
SEATING PLANE / n-

f?! = ~1\1 01 

s, .005 (013) 

S2 .005 (0.13) 

64 

4_1r:-:c eA 
/c-------ee 

Ref. 90X00181 

33 

~1 
lt~~~~lll 

1 PIN 1 IDENTIFIER 

TRW LSI Products Inc, 23 
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J4 Package 
48 Pin Hermetic Ceramic DIP 

Notes: 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

A notch or pin one identifier shall be located ad1acent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
[0.25mm) of its true longitudinal position relative to pins 1 and N 
IN= leadcount). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions E1, e8 and ec: measured to outside edge of lead. 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive of package anomalies [lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
[0.25mm) 

Dimension N: defines pin count. 

Controlling dimension: inch. 

BASE PLANE 
I. I 

-S-E-AT-1-NG~PLA~N-E~~~~~~--;,,~- I 

~-k:~ 

Dimensions 

Inches (Millimeters) 

Sym Min Max Notes 

A .120 (3.05) .175 (4.44) 

b .014 (0.35) .023 (0.58) 

b1 .040 (1.02) .065 i1 .65) 

c .008 (0.20) .015 (0.38) 

D 2.370 (60.20) 2.435 (61.85) 

E .575 (14.60) .610 (15.49) 

Ei .590 (14.99) .620 (15.75) 

e .100 (2.54) Basic 

eA .600 (15.24) Basic 

ee .700 (17.78) 

ec 
L .125 (3.17) .200 (5.08) 

N 48, Note 7 
Q .025 (0.63) .060 (1.52) 

s .100 (2.54) 

s, .005 (0.13) 

Sz .005 (0.13) 

Ref. 90XOO 181 

I ~---~-s, ---0----

48 

24 

25 

ITT 
~~~~~~li_l 

PIN 1 IDUITIFIER 24 

TRW LSI Products Inc. 



J5 Package 
40 Pin Hermetic Ceramic DIP 

Notes 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e each pin centerline shall be located within .010 inch 
(0.25mm) of its true longitudinal positron relative to pins 1 and N 
(N = leadcount) 

Dimensions E1 and eA measured with leads perpendicular to the base 
plane 

4. Dimensions E1, CQ and er: measured to outside edae of lead. . - -
5 Dimension eA measured to lead center 

6. D1mens1ons D and E inclusive of package anomalies ll1d misalignment, 
ceramic particles. etc.) Such anomalies shall not exceed .010 inch 
(0.25mm) 

7. Dimension N: defines pin count 

8. Controlling dimension: inch. 

40 

PIN 1 IDENTIFIER 

----------- -----0 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A .120 13.05) 

b .014 (0.35) 

h1 .040 11.02) 

c .008 ID 20) 

D 1.970 150.041 

E .575 (14.60) 

E1 .590 114.99) 

e 
eA 
ee 
ec 
L .125 (3.17) 

N 
0 .025 I0.63) 

s 
s, .005 10.13) 

S2 .005 10.13) 

Ref. 90XOO 181 

21 

Inches (Millimeters) 

Max Notes 

.175 14.44) 

.023 (0.58) 

.065 11.65) 

.015 10.38) 
2.030 (51.56) 

.610 115.49) 

.620 115. 75) 

.100 12.54) Basic 

.600 115.24) Basic 

.700 117.78) 

.200 15.08) 

40, Note 7 

.060 11.52) 

.098 12.49) 

c --1 :-=f-:::==.., 

.. ~~ :d 
BASE PLANE 

SEATING PLANE 

25 



JS Package 
28 Pin Hermetic Ceramic DIP 

Notes: 1. 

2. 

3. 

5. 

6. 

7. 

8. 

28 

A notch or pin one identifier shall be located adiacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
[0.25mm) of its true longitudinal position relative to pins 1 and N 
IN= leadcount). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions Ei' BB and ec measured to outside edge of lead. 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive of package anomalies [lid misalignment, 
ceramic particles, etc.). Such anomalies shall not exceed .010 inch 
[0.25mm). 

Dimension N: defines pin count 

Controlling dimension: inch. 

15 

Dimensions 

Sym Min 

A '120. (3.05) 

b .014 (0.35) 

b1 .040 (1.02) 

c .008 (0.20) 

D 1.380 (35.05) 

E .575 (14.60) 

E1 .590 (14.99) 

e 
eA 
ee 
ec 
L .125 (3.17) 

N 
Q .025 (0.63) 

s 
s, .005 (0.13) 

S2 .005 (0.13) 

Ref. 90X00181 

ITT 
E E1 

ii~iri' 

Inches (Millimeters) 

Max Notes 

.175 (4.44) 

.023 (0.58) 

.065 (1.65) 

.015 (0.38) 

1.420 (36.07) 

.610 (15.49) 

.620 (15.75) 

.100 (2.54) Basic 

.600 (15.24) Basic 

.700 (17.78) 

.200 (5.08) 

28, Note 7 

.060 (1.52) 

.098 (2.49) 

c~~ 

J[ I ,, i,' I 
eA •I Jl_L ec ~ 

14 es 

j D ~L .. 
T~_L~· J L~~· ~ ~- j . L ~1-+---S-EATING-PLANE BASE PLANE 

26 TRW LSI Products Inc. 



J7 Package 
24 Pin Hermetic Ceramic DIP 

Notes: 1. A notch or pin one identifier shall be located ad1acent to pm one and 
within the shaded area shown. 

2. Dimension e: each pin centerline shall be located within .010 inch 
10.25mm) of its true longitudinal position relative to pins 1 and N 
IN= leadcount). 

3. Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

4 Dimensions F1 P.3 And P.C" mp;;i~1.1rerJ trJ cn1tsicle edge of leed 

5. Dimension eA: measured to lead center. 

6. Dimensions D and E: inclusive of package anomalies !lid misalignment, 
ceramic partrcles, etc.). Such anomalies shall not exceed .010 inch 
[0.25mm). 

7. Dimension N: defines pin count. 

8. Controlling dimension: inch. 

24 13 

12 

PIN 1 IDENTIFIER 

TRW LSI Products Inc. 

-11 
lI 

Dimensions 

Inches !Millimeters) 

Sym Min Max Notes 

A .120 (3.05) '175 (4.44) 

b .014 (0.35) .023 (0.58) 

b1 .040 (1.02) .065 (1 65) 

c .008 (0.20) .015 (0.38) 

0 1 180 !29 97! 1 220 (30 99) 

E .575 (14.60) .610 (15.49) 

E1 .590 (14 99) .620 (15 75) 

e .100 (2.54) Basic 

eA .600 (15.24) Basic 

ee .700 (17.78) 

ec 
L .125 (3.17) .200 (5.08) 

N 24, Note 7 

n .025 (0 63) .060 (1.52) 

s .098 (2.49) 

s, .005 (0.13) 

S2 .005 (0.13) 

Ref. 90XOO 181 

20154A 

27 



J8 Package 
18 Pin Hermetic Ceramic DIP 

Notes: I. A notch or pin one identifier shall be located ad1acent to pin one and 
within the shaded area shown 

1. Dimension e: each pin centerline shall be located within .010 inch 
(0.25mml of its true longitudinal position relative to pins 1 and N 
\N = leadcuunt). 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

4. Dimensions E1. es and ec: measured to outside edge of lead. 

5. Dimension eA: measured to lead center. 

6. Dimensions D and E: mclusive of package anomalies (lid m1sal1gnment, 
ceramic particles, etc.I. Such anomalies shall not exceed 010 inch 
(0.25mml 

7. Dimension N: defines pin count 

Controlling dimension inch 

18 10 

i[=~J~]TI 
PIN 1 IDENTIFIER 

ii- -D ~~SI 

28 

Dimensions 

Inches (Millimeters) 

Sym Min Max Notes 

A .100 (2.54) .175 (4.44) 

b .014 (0.35) .023 (0.58) 

b1 .040 (1.02) .065 (1.65) 

c .008 (0.20) .015 (0.38) 

D .885 (22.48) .915 (23 24) 

E .285 (7.24) .305 (7.75) 

Ei .290 (7.37) .320 (8.13) 

e .100 (2.54) Basic 

eA .300 (7.62) Basic 

ee .400 (10.16) 

ec 
L .125 (3.17) .200 (5.08) 

N 18, Note 7 

0 .015 .(038) .060 (1.52) 

s .098 (2.49) 

S1 .005 (0.13) 

S2 .005 (0.13) 

Ref. 90X00181 

c--11-
BASE PLANE 

SEATING PLANE 

' I I I 

lf-eA--1 
ec f'.--

ee 

TRW LSI Products Inc. 



J9 Package 
16 Pin Hermetic Ceramic DIP 

Notes: 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

16 

A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

Dimension e: each pin centerline shall be located within .010 inch 
[0.25mml of its true longitudinal position relative to pins 1 and N 
[N = leadcountl. 

Dimensions E1 and eA: measured with leads perpendicular to the base 
plane. 

Dimensions E1, e8 and ec: measured to outside edge of lead. 

Dimension eA: measured to lead center. 

Dimensions D and E: inclusive of package anomalies [lid misalignment, 
ceramic particles, etc.I. Such anomalies shall not exceed .010 mch 
[0.25mml. 

Dimension N: defines pin count. 

Controlling dimension: inch. 

PIN 1 IDENTIFIER 

9 

TRW LSI Products Inc. 

ii~iri' 

Dimensions 

Inches (Millimeters) 

Sym Min Max Notes 

A .100 12 54) .175 14.44) 

b .014 10.35) .023 I0.581 

b1 .040 11.02) .065 ll 65) 

c .008 10.201 .015 10.38) 

0 '790 120.07) .810 120.57) 

E .285 17.24) .305 17.75) 

E1 .290 17.37) .320 18. 13) 

e .100 12.54) Basic 

eA .300 17.62) Basic 

ee .400 110.16) 

ec 
L .125 13.17) .200 15.08) 

N 16, Note 7 

a .015 (0.38) .060 (1.52) 

8 .080 12.03) 

81 .oos I0.131 

82 .005 10. 13) 

Ref. 90X00181 

29 



L1 Package 
68 Leaded Hermetic Ceramic Chip Carrier 

61 

68 
1 

30 

oomnnn 1 nnnnnn 1:1 44 

I I I 

/II 

/ 
:i=c v !~ 
:e: 

() 
C'µJj l7 

11 
10 I I 26 

b--H---- -1 ~e 

PIN 1 
IDENTIFIER 

43 

'El 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .080 (2.03) .115 (2.92) 

A1 .D70 (1.78) .100 (2.54) 

Az .005 (0.13) .015 (0.38) 

b .016 (0.41) .022 (0.56) 

c .009 (0.23) .012 (0.30) 

D .935 (23.75) .970 (24.64) 

D1 .075 (1.91) Ref. 

Dz .800 (20.32) Basic 

D3 .400 (10.16) Basic 

e .050 (1.27) Basic 

L .350 (8 98) .400 (10 16) 

N 68, Note 4 

ND 17, Note 5 

Ref. 90X00181 

Notes: 1 A pin one 1dent1fier shall be located ad1acent to pin one and within the 
shaded area shown. 

2. Dimension e: each pin centerline shall be located within .007 inch 
(0.1 Smml of its true longitudinal position. 

3. Dimension D1 exclusive of package anomalies (lid misalignment. ceramic 
particles, etc.I. Such anomalies shall not exceed .010 inch (0 25mml 

4. Dimension N: number of terminals. 

5. Dimension ND: number of terminals per package edge. 

6. Controlling dimension: inch 

TRW LSI Products Inc. 



L3 Package 
84 Leaded Hermetic Ceramic Chip Carrier 

Notes: 1. A pin one identifier shall be located ad1acent to pin one and within the 
shaded area shown. 

2 Dimension Dr exclusive of package anomalies [lid misalignment. ceramic 
particles, etc.) Such anomalies shall not exceed .010 inch 10.25mm). 

3. Dimension N: number of terminals 

4. Dimension ND: number of terminals per package edge. 

5. Controlling dimension: inch 

63 
1 ~ \ : ~ 

43 

/e1 
11;11; 

I! / 111111 

64 "(- ~I~ n 
= I 

PIN 1 IDENTIFIER LOCATED 
ON THE BOTTOM 

= 

1 
I 

+ ---

ITOPVJEW) 

,II 
84 

~ µ 

1 21 

• D1 ~ 

TRW LSI Products Inc, 

Dimensions 

Inches (Millimetersl 

Sym 

A2 
b 
c 
D1 

e 

L 

L2 
N 

ND 
T 

T1 

Ref. 9 

42 

22 

Min 

.060 11.52) 

.055 11.40) 

.005 10. 13) 

.008 10.201 

.005 I0.131 

.640 116.25) 

.350 18.98) 

OX00181 

--r T 
~ D 

_:J_ 

LG 

_J 
L2 

Max Notes 

.100 12.54) 

.075 11.91) 

.025 I0.641 

.012 10.30) 

.009 I0.231 

.660 116.76) 
.250 16.35) Basic 

.500 112.70) Basic 

.025 10.64) Basic 

.035 10.89) Ref . 

.445 111.30) 
.016 10.41) Ref. 

84, Note 3 

21, Note 4 

.015 10.38) M 

.004 10.101 M 

-$-
T C A© eG) 
T1 c 

t , ~ I 
-i-A 

-~-LL 
I 

I· 20160A 

31 



L4 Package 
100 Leaded Hermetic Ceramic Chip Carrier 

Notes: 1. A pin one identifier shall be located ad1acent to pin one and within the 
shaded area shown. 

Dimension exdusive of package anomalies [lid misalignment, ceramic 
particles, Such anomalies shall not exceed .010 inch [0.25mm). 

3 Dimension N· number of terminals. 

4. D1mens1on ND number of terminals per package edge. 

5. Controlling dimension: inch. 

I 
PIN 1 IDENTIFIER LOCATED 
ON THE BOTTOM 

I 

Dimensions 

Sym Min 

A .080 12.03) 

A1 .075 11.91) 

A2 .005 I0.131 
b .008 10.201 
c .005 10.13) 
o, .740 118.80) 

D2 
03 
e 
e1 
L .275 16.98) 

L2 
N 
ND 
T 

T1 

Ref. 90X00181 

50 

Inches (Millimeters) 
Max Notes 

.120 13.05) 

.095 12.41) 

.025 (0.64) 

.012 I0.30) 

.009 I0.231 

.760 119.30) 
.300 17.62) Basic 
.600 (15.24) Basic 
.025 I0.64) Basic 
.025 10.64) Ref. 

.330 18.38) 
.016 I0.41) Ref. 
100, Note 3 

25, Note 4 
.020 10.51) M 

.005 10.13) M 

T c A@J s@J + 
(TOP VIEW) 

-FT --- ~ r -$-
T1 c 

100 26 

25 

A 

32 TRW LSI Products Inc. 



LS Package Dimensions 
132 Leaded CEROUAD 

Inches (Millimeters) 

E 

r 

Notes: 1. A. pin one identifier sha.11 be located adjacent to pin one and within the 
shaded area shown. 

1 

33 I 

~ 

2. Dimensions DJ and Ej: exclusive of package anomalies !lid misalignment. 
ceramic partic es, etc .. Such anomalies shall not exceed .010 inch 
ID.25mm). 

3. Dimension N: number of terminals. 

4. Dimension ND: number of terminals per package edge. 

5. Controlling dimension: inch. 

132 100 

11 
Iii 
111 

I 
PIN 1 IDENTIFIER 

I 
TOP VIEW 

-- - -- + -- -

I 

I 

I 

1;4 66 

D1 ~ 

D 

Sym Min 

A .114 (2.89) 

At .055 (1.40) 

b .008 (0.20) 

c .005 (0.13) 

D. E 
D1, E1 .860 (21.83) 

e 
L .220 (5.58) 

N 
ND 

Ref. 90XOO 181 

i=: 
1:5 
I= 
I= 
i=: 
i=: 
I= 

~ 
i:;;; 

i== 
I= 
i=: 
t== 
I= 

t== 
t== 
I= 

t== 

99 ~ 

T 

_L 
T 
67 

A "'I•------- D1 ______ ___,_, _____ L------> 

}~<====·=====t:~·@·~·~·~·~··~·~·~·~·~·@·@·~·~·~··~·~·~·~·~·@·~·~·~·~··~·~·~·~·!::i========~ 
f t 

TRW LSI Products Inc. 

Max 

.154 (3.91) 

.075 (1.90) 

.012 (0.30) 

.009 (0.23) 

.900 (22.84) 

.320 (8.12) 

20162A 

·~·· 
Notes 

1.415 (35.94) Ref. 

.025 (0.64) Basic 

132, Note 3 

33, Note 4 

33 



L6 Package 
100 Leaded CEROUAD 

Notes: 1. A pin one identifier shall be located adjacent to pin one and within the 
·shaded area shown. 

f 

E 

~ 

34 

2. Dimensions D1 and E,: exclusive of package anomalies [lid misalignment. 
ceramic particles, etc.I. Such anomalies shall not exceed .010 inch 
[0.25mml 

3. Dimension ~J: number of terminals. 

4. Dimension ND: number of terminals per package edge. 

5. Controlling dimension: inch. 

100 75 

~ 
111 

1
1

1 

1 

~ I --
I 

--

IDENTIFIER I 
-- - -+- - --

I 
TOP VIEW 

I 

25 I 

1~6 
50 

D1 

~ D 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .114 (2.89) .154 (3.91) 

Al .055 (1.40) .075 (1.90) 

b .008 10.201 .012 10.30) 

c .005 10.13) .009 10.23) 

0, E 1.300 132.95) Ref. 

D1, E1 .670 117.02) . 760 119.30) 

e .025 I0.64) Basic 

L .220 15.58) .320 18.12) 

N 100, Note 3 

ND 25, Note 4 

Ref. 90X00181 

74 i 

1 T 
e 

Ci. -c:±J E1 

i 
51 tb 

20163A 

TRW LSI Products Inc. 



M3 Package 
20 Pin Plastic SOIC .300" 

/PIN 1 IDENTIFIER 

• 

10 

TRW LSI Products Inc. 

SEATING PLANE 

Dimensions 

Sym Min 

A .093 (2.36) 

b .014 (0.36) 

b1 
c .009 (0.23) 

D .496 (12.60) 

E .291 i7.39j 

E1 .394 (10.01) 

e 
L 
N 
Q .004 (0.10) 

Ref. 90XOO 181 

Inches (Millimeters) 
Max Notes 

.104 (2.64) 

.019 (0.48) 

.013 (0.33) 

.512 (13.01) 

.299 (7.601 

.419 (10.64) 

.050 (1.27) Typ. 

20 

.012 (0.30) 

21579A 

35 



M9 Package Dimensions 
16 Pin Plastic SOIC .300" 

Inches (Millimeters) 
Sym Min Max Notes 

A .093 (2.36) .104 (2.64) 

16 b .014 (0.36) .020 (0.51) 

b1 
c .009 (0.23) .013 (0.33) 

D .398 (10.11) .413 (1050) 

E .291 (7.39) .299 (7.60) 

E1 .394 (10.01) .419 (10.64) 

e .050 (1.27) Typ. 

F .089 (2.26) .092 (2.34) 

L 
N 16 

0 .004 (0.10) .012 (0.30) 

°' 
Ref. 9DXOO 181 

SEATING PLANE 

1
------ E I 

LJ (r-...----.c:::::i---) r l 21581A 

36 TRW LSI Products Inc. 



ME Package Dimensions 
14 Pin Plastic SOIC .150" 

Inches (Millimeters) 
Sym Min Max Notes 

A .053 (1.35) .069 (1.75) 
b .014 (0.36) .020 (0.51) 

b1 
c .008 (0.20) .010 10.25) 
D .335 18.51) .344 18.74) 
E .150 13.81) .157 (3.99) 

E1 .228 (5.79) .244 16.20) 
e .050 (1.27) Typ. 
F .049 (1.25) .059 (1.50) 
L 
N 14 
Q .004 10.101 .010 I0.25) 
a 

Ref. 90X00181 

SEATING PLANE 

21583A 

TRW LSI Products Inc. 37 



MH Package Dimensions 
8 Pin Plastic SOIC .150" 

Inches (Millimeters) 
Sym Min Max Notes 

A .053 11.35) .069 11.75) 

b .014 I0.36) .019 I0.48) 

h1 
c .007 10.18) .010 I0.25) 

D .188 14.78) .196 14.98) 
E .150 13.81) .158 (4.01) 

E1 .228 15.79) .244 16.20) ' 
e .050 11.27) Typ. 

F .049 11 25) .059 11.50) 

L 
N 8 

0 .004 (0.10) .010 10.25) 

°' 
Ref. 90XOO 1S1 

l-- 0 --I 
T.~ 0:0: D ~~f~F 
L= = = =-f~----

--\ e~ Q 

SEATING PLANE 

21585A 

38 TRW LSI Products Inc. 



NO Package 
64 Pin Plastic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and · 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mm) of its 
true longitudinal position. 

64 

PIN 1 IDENTIFIER 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A 
b .014 I0.35) 

h1 .030 I0.76) 
c .008 10.20) 
0 3.05 177.47) 

o, .005 10. i3i 
E .745 118.92) 

E1 .900 122.86) 
e 
F .125 13.18) 
L .115 12.92) 
Q .015 10.38) 

DI oo 

Ref. 90XOO 181 

-~··· '''"" 
Inches (Millimeters) 

Max Notes 

.250 16.35) 

.022 10.56) 

.070 11.78) 

.015 I0.381 
3.245 182.42) 

.840 121.34) 

.925 123.50) 
.100 12.54) Basic 

.195 14.95) 

.200 15.08) 

15° 

33 

SEA TING PLANE 

39 



N1 Package 
20 Pin Plastic DIP 

Notes: l A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

40 

2 Each pin centerline shall be located within .010 inch 10.25mm) of its 
true longitudinal position. 

~:::::::11 
PIN 1 IDENTIFIER 

Dimensions 

Sym Min 

A .145 (3.68) 

b .015 (0.38) 

b1 
c .009 (0.23) 

D 1.013 (25.73) 

o, .005 (0.13) 

E .255 (6.48) 

Et .310 (7.87) 

e .090 (2.29) 

F .125 (3.18) 

L .125 (3.18) 

Q .020 (0.51) 

Cl oo 

Ref. 9DXD0181 

Inches (Millimeters) 
Max Notes 

.200 (5.08) 

.021 (0.53) 

.060 (1.52) Typ. 

.015 (0.38) 

1.040 (26.42) 

.265 (6.73) 

.363 (9.27) 

.110 (2.79) 

.135 (3.43) 

.140 (3.56) 

15° 

TRW LSI Products Inc. 



N2 Package 
24 Pin Plastic DIP .300" 

Notes: 1. A notch or pm o within the shade~e identifier shall be located d 
2. Each pin center! ar~a shown. a 1acent to pm one and 

true long1tudinal1~~s~ti~~ be located within .010 inch ID 
.25mml of its 

TRW LSI Products Inc. 

Dimensions 

Sym 

A 
b 
b-1 -+-___:U I~ 

c 
D--+--~o 

D1 
E 

O! 

Ref. 90XOO 181 

2016BA 

41 



N4 Package 
48 Pin Plastic Ellfl 

Notes: ~- A notch or "pin one identifier shall be located adjace·nt to pin one and 
within thiJ"shaded area ·shown. 

2. Each pin centerline shall be located within .010 inch 10.25mm) of its 
true longitudinal position. 

48 

~PIN 1 IDENTIFIER 

Dimensions 

Sym Min 

A 
b .014 (0.35) 

h1 .030 (0.76) 

c .008 (0.20) 

D 2.375 (60.32) 

a, .005 (0.13) 

E .485 (12.32) 

Et .600 (15.24) 

e 

F .125 (3.18) 

L .115 (2.92) 

Q .015 (0.38) 

°' o• 
Ref. 90X00181 

Inches (Millimeters) 
Max Notes 

.250 (6.35) 

.022 (0.56) 

.070 (1.78) 

.015 (0.38) 

2.490 (63.25) 

:580 (14.73) 

.625 (15.87) 

.100 (2.54) Basic 

.195 (4.95) 

.200 (5.08) 

15° 

25 

24 

1~ D ~1 
A 

SEATING PLANE 

"42 TRW LSI Products Inc. 



N5 Package 
40 Pin Plastic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch (0.25mml of its 
true longitudinal position. 

40 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A 
b .014 10.35) 

b1 .030 (0.76) 

c .008 10.201 
D 1.980 (50.29) 

Dt .005 (0.13) 
E .485 (12.32) 

Et .600 (15.24) 
e 
F .125 (3.18) 
L .115 12.92) 
Q .Ol5 I0.38) 

"' 
oo 

Ref. 90X00181 

Inches (Millimeters) 
Max Notes 

.250 (6.35) 

.022 10.56) 

.070 (1.78) 

.015 (0.38) 
2.095 (53.21) 

.580 (14.73) 

.625 (15.87) 

.100 12.54) Basic 
.195 (4.95) 
.200 15.08) 

15° 

21 

_____.__A SEATING PLANE • 

43 



N6 Package 
28 Pin Plastic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

28 

44 

2. Each pin centerline shall be located within .010 inch I0.25mmJ of its 
true longitudinal position. 

15 

PIN 1 IDENTIFIER 

-----D ---------'11>1 

Dimensions 

Inches (Millimetersl 
Sym Min Max Notes 

A .250 (6.35) 

b .014 (0.36) .022 (0.56) 

b1 .030 (0.76) .070 (1.78) 
c .008 (0.20) .015 (0.38) 

D 1.380 (35.05) 1.565 (39. 7!)) 

o, .005 (0.13) 
E .485 (12.32) .580 (14.73) 

Et .600 (15.24) .625 (15.88) 
e .100 (2.54) Basic 
F 
L .115 (2.92) .200 (5.08) 
Q .015 (0.38) 

" o· 15° 

Ref. 90X00181 

A 

SEATING PLANE 

L 

20172A 

TRW LSI Products Inc. 



N7 Package 
24 Pin Plastic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

24 

2. Each pin centerline shall be located within .010 inch ID.25mm) of its 
true longitudinal position. 

13 

Dimensions 

Sym Min 

A 
b .014 I0.35) 

b1 .030 I0.76) 
c .008 10.201 
D 1.150 129.21) 
o, .005 10.13) 
E .485 112.32) 

E1 .600 115.24) 
e 
F .125 13.18) 
L .115 12.92) 
Q .015 I0.38) 

a oo 

Ref. 90XOO 181 

1~ D ·~ 
A 

Inches (Millimeters) 
Max 

.250 16.35) 

.022 10.56) 

.070 11.78) 

.015 I0.38) 
1.290 132.77) 

.580 114.73) 

.625 115.88) 

.195 14.95) 

.200 15.08) 

15° 

mmmnm 
l11111m111tr- ·~· .... -1r-~ .. ~ 1 • r--.------t----====-='=---/.1 

Q 

TRW LSI Products Inc. 

Notes 

.100 12.54) Basic 

QL 

20173A 
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NB Package 
18 Pin Plastic DIP 

Notes: 1. A mtch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be ·located within .010 inch 10.25mml of its 
true longitudinal position. 

~::::::11 
PIN 1 IDENTIFIER 

Dimensions 

Inches (Millimeters) 
Sym Min Max 

A .210 (5.33) 
b .014 (0.36) .022 (0.56) 

b1 .045 (1.14) .070 (1.78) 

c .008 (0.20) .ol.5 (0.38) 
D .845 (21.46) .925 (23.50) 
o, .005 (0.13) 
E .240 (6.10) .280 (7.11) 

E1 .300 (7.62) .325 (8.25) 

e 
F .115 (2.92) .195 (4.95) 
L .115 (2.92) .160 (4.06) 
Q ,015 (0.38) 

"' o• 15° 

Ref. 90X00181 

~'-~ JR, -R=BASE_P~LANE ~~S~EATINGPLA~~~fr-~~~~ 

Notes 

.100 (2.54) Basic 

46 TRW LSI Products Inc. 



N9 Package 
16 Pin Plastic DIP 

Notes: 1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch 10.25mm) of its 
true longitudinal position. 

PIN1 
IDENTIFIER 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A 

b .014 I0.35) 

ht .045 11.14) 

c .008 10.20) 

0 .745 118.92) 

o, .005 10.13) 

E .240 16.10) 

Et .300 17.62) 

e 
F .115 (2.92) 

L .115 (2.92) 
Q .015 (0.38) 

Ci oo 

Ref. 90X00181 

Inches (Millimeters) 
Max Notes 

.210 (5.33) 

.022 (0.56) 

.Q70 (1.78) 

.015 (0.38) 

.840 121.34) 

.280 (7.11) 

.325 (8.25) 

.100 (2.54) Basic 

.195 14.95) 

.160 14.06) 

15° 

47 



NH Package 
8 Pin Plastic DIP 

Notes: ·1. A notch or pin one identifier shall be located adjacent to pin one and 
within the shaded area shown. 

2. Each pin centerline shall be located within .010 inch I0.25mm) of its 
true longitudinal position. 

-;le~ 

q 
PIN 1 
IDENTIFIER 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .145 (3.68) .200 (5.08) 

b .015 (0.38) .021 (0.53) 

b1 .060 (1.52) Typ. 

c .009 (0.23) .015 (0.38) 

D .373 (9.47) .400 (10.16) 

o, .005 (0.13) 

E .245 (6.22) .255 (6.48) 

Et .310 (7.87) .365 (9.27) 

e .090 (2.29) .110 (2.79) 

F .125 (3.18) .135 (3.43) 

L .125 (3.18) .140 (3.56) 
Q .020 (0.51) 

°' o• 15° 

Ref. 90X00181 

1-0~ 

m Q 

~E·· 
t'-1, 

-----.---t-:-SEATINGPLAN_E IB< 
D1 

c---11-- 20176A 
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RO Package 
84 Lead Plastic J-Leaded Chip Carrier 

Notes: 1. All dimensions and tolerances conform to ANSI Y14.SM-1982. 

2. Datum plane (- H - I located at top of mold parting line and 
coincident with top of lead, where lead exits plastic body. 

3. Dimension D1 and E1 do not include mold protrusion. Allowable 
protrusion is .010 inch ID.25mmJ. 

4. Details of pin 1 ·identifier are optional but must be located within the 
zone indicated. 

c Dimension N: numbei ut tthn1i11cib. 

6. Dimension ND: number of terminals per package edge. 

7. Controlling dimension: inch. 

75 

84 

1 

11 

12 

Dimensions 

Inches (Millimeters) 
Sym Min Max 

A .165 (4.20) .200 (5.08) 

A1 .090 (2.29) .130 (3.30) 

b .013 (0.33) .021 (0.53) 

b1 .026 (0.66) .032 (0.81) 

D 1.185 (30.10) 1.195 {30.35) 

o, 1.150 (29.21) 1.158 (29.41) 

E 1.185 (30. 10) 1.195 (30.35) 

E1 1.150 (29.21) 1.158 (29.41) 

N 

ND 
Q .020 (0.51) 

Ref. 90X00181 

D 

32 

I DATUM PLANE(· H ·) r., . ~J. ~~ !__!.__.! _ __! SEATING PLANE 

A1 ---.i~b T 
TRW LSI Products Inc. 

Notes 

Note 3 

Note 3 

84, Note 5 

21, Note 6 

20180A 
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R1 Package 
68 lead Plastic J-Leaded Chip Carrier 

Notes: 1. All dimensions and tolerances.conform to ANSI Y14.5M-1982. 

2. Datum plane (- H-l iocated at top of moid parting line and 
coincident with top of lead, where lead exits plastic body. 

3. Dimension D1 and Ei do not include mold protrusion. Allowable 
protrusion is .010 inch \0.25mmJ. 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: number of terminals. 

6. Dimension ND: number of terminals per package edge,. 

7. Controlling dimension: inch. 

--------- E --------JI~ 

61 

PIN 1 IDENTIFIER 
(SEENOTE4) 

68 

10 26 

Dimensions 

Sym 

D 

D1 

"" e 
N 
ND 

Min 

.165 (4.20) 

.090 (2.29) 

.013 (0.33) 

.026 (0.66) 

.985 (25.02) 

.950 (24.13) 

.985 (25.02) 

.950 (24. 13) 

Q .020 (0.51) 

Ref. 90X00181 

_l 
e -T 

o, D 

b1 

_l 

f 
27 

. = DATUMPLANE(·H·) 

li~-'"""'----'--"'S~=·Jl=N=GPLA~N~E 
A, ~~b T 

50 

Inches (Millimeters) 

20181A 

Max 

.200 (5.08) 

.130 (3.30) 

.021 (0.53) 

.032 (0.8H 

.995 (25.27) 

.958 (24.33) 

.995 (25.27) 

.958 (24.33) 

\ 

Notes 

Note 3 

Note 3 
.050 (1.27) Basic 

68, Note 5 
17, Note 6 

TRW LSI Products Inc. 



R2 Package 
44 Lead Plastic J-Leaded Chip Carrier 

Notes: 1. All dimensions and tolerances conform to ANSI Y14.5M-1982. 

2. Datum plane (- H - ) located at top of mold parting line and 
coincident with top of lead. where lead exits plastic body. 

3. Dimension D1 and E1 do not include mold protrusion. Allowable 
protrusion is .010 inch [0.25mm). 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: numhRr nf tRrmim:il~ 

6. Dimension ND: number of terminals per package edge. 

7. Controlling dimension: inch. 

Dimensions 

Sym Min 

A .165 (4.20) 

A1 .090 (2.29) 

b .013 (0.33) 

b1 .026 (0.66) 

D .685 (17.40) 

o, .650 (16.51) 

E .685 (17.40) 

E1 .650 (16.51) 

e 
N 
ND 
Q .020 (0.51) 

Ref. 90X00181 

t ~~" --~~~~~-D-~-UM_P_U-NE_r_H--)~ 
- J. SEATINGPUNE 

A1 ~~b T 
Q 

TRW LSI Products Inc. 

Inches (Millimeters) 

Max Notes 

.180 (4.57) 

.120 (3.04) 

.021 (0.53) 

.032 (0.81) 

.695 (17.651 

.656 (16.66) Note 3 

.695 (17.65) 

.656 (16.66) Note 3 
.050 (1.27) Basic 

44, Note 5 
11, Note 6 

20182A 
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R3 Package 
28 Lead Plastic J-Leaded Chip Carrier 

Notes: I. All dimensions and tolerances conform to ANSI Y14 5M-1982. 

Datum plane (-H-) located at top of mold parting line and coincident 
with top of lead, where lead exits piastre body. 

3. D1mens1on D1 and E1 do not include mold protrusion. Allowable 
protrusion rs .DID inch (.24omm;. 

4. Details of pin 1 identifier are optional but must be located within the 
zone indicated. 

5. Dimension N: number of terminals. 

6. Dimension ND: number of terminals per package edge. 

7. Controlling dimension: inch. 

26 

28 

I ~ "'"'"'"''·"·I ~ t SEATINGPLANE 

~~bT 
.. 

52 

Dimensions 

Inches (Millimetersl 
Sym Min Max Notes 

A -165 (4.20) .180 (4.57) 

A1 .900 (2.29) .120 (3.04) 

b .013 (0.33) .021 (0.53) 

h1 .026 (0.66) .032 (0.81) 

D .485 112.32) .495 (12.57) 

o, .450 (11.43) .456 (11.58) Note 3 

E .485 (12.32) .495 (12.57) 

E1 .450 (11.43) .456 (11.58) Note 3 

e .050 (1.27) Basic 

N 28, Note 5 

ND 7, Note 6 

0 .020 (0.51) 

Ref. 90X00181 

20183A 
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S3 Package 
46 Pin Hermetic Metal DIP, Top Sealed 

Notes· 1. Dimension N: number of terminals. 

2. Dimension ND: number of terminals per package edge. 

3. Controlling dimension: inch. 

46 24 

00000000000000000000000 

~~000000000000000000000 

23 

PIN 1 IDENTIFIER 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

A 
q,b .016 (0.41) 

D 
E 

E1 
e 
L .175 14.44) 

N 
ND 

Ref. 90XOO 181 

BASE PLANE 

ta .015@ C A@]e@J 
ta ,010 ® c 

Inches (Millimeters) 
Max Notes 

.250 16.35) 

.020 10.51) 

2.390 160.71) 

1.590 140.39) 

i.300 (33.02j Basic 

.100 12.54) Basic 

.220 15.59) 

46, Note 1 

23, Note 2 

l J 

20190A 
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S5 Package 
32 Pin Hermetic Metal DIP 

Notes: 1. Dimension N: number of terminals. 

2. D1mens1on ND:· number of terminals per package edge. 

3. Controlling dimension: inch. 

32 24 

0000000000000000 

~000000000000000 

1 ·~PIN 1 IDENTIFIER 

23 

A 

~~~~u~~~~~~~~~L_J:_ 
-lel-- -11--0b 

54 

Dimensions 

Sym Min 

A 

¢b .016 (041) 

D 

E 

El 

e 

L '175 (4.44) 

N 

ND 

Ref. 90X00181 

-c-
BASE PLANE 

0 .015@ C A®}s®] 
0 .010 ® c 

Inches (Millimeters) 
Max Notes 

.240 (610) 

.020 (0.51) 

i.750 (44.45) 

1.150 (29.21) 

.900 (22.86) Basic 

.100 (2.54) Basic 

.220 (5.59) 

32, Note 1 

16, Note 2 

20192A 

TRW . LSI Products Inc. 



S6 Package Dimensions 
40 Pin Hermetic Ceramic DIP 

Inches (Millimeters) 
Notes: 1. Dimension N: the total leadcount. Sym Min Max Notes 

2. Dimension ND: the leadcount per package side. 

3. Controlling dimension: inch. 
A .240 16.101 

b .016 I0.411 .020 10.511 

h1 .040 11.021 .060 11.521 

c .008 10.201 .015 10.381 

D 2.130 154.101 
40 21 E 1.110 128.191 

·~ E1 1.096 127.841 Basic 

e .100 12.541 Basic 
L .125 13.171 .200 15.081 

N 40, Note 1 
E 

J_ 
ND 20, Note 2 

n .035 I0.891 .065 11.651 

s .100 12.541 Ref. 

Ref. 90X00181 
20 

PIN 1 IDENTIFIER 

SEATING PLANE E ~ 
-1 c ~ 

1-----E1-------i~ I 

.040 ® c A@ 

4- .020 ® c e® 
.010 ® c 

TRW LSI Products Inc. 55 



S7 Package (Commercial) 
24 Pin Hermetic Metal DIP 

Notes: 1. Dimension N: the total leadcount. 

2. Dimension ND: the leadcount per· package side. 

3. Controlling dimension: inch. 

24 13 

ooo,,"o-:;ooo<:'o T 
~ ,_,,_,,_, _L 

12 

-----D w ·I 

e 

56 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .225 (5.72) 

<t>b .016 (0.41) .020 (0.51) 

D i.400 (35.56) 

E .840 (21.34) 

El .600 (15.24) Basic 

e .100 (2.54) Basic 

L .175 (4.44) .220 (5.59) 

N 24, Note 1 

ND 12, Note 2 

Ref. 90X00181 

BASE PLANE 
-C-

TRW LSI Products Inc. 



S7 Package (Military) Dimensions 
7-4 Pin Hermetic Metal DIP, Top Sealed 

Inches (Millimeters) 
Notes: 1. Dimension N: the total leadcount. Sym Min Max Notes 

2. Dimension ND: the leadcount per package side. 

3. Controlling dimension: inch. A .220 15.59) 

c/>b .016 10.41) .020 I0.51) 

D 1.285 132.64) 

24 13 E .785 119.94) 

1 ... ) CJ c; :) Ci ~") 1::) () Ci () Ci CJ T 
E 

E1 .600 ii 5.24i Basic 

e .100 12.54) Basic 

L .175 14.44) .220 15.59) 

N 24, Note 1 

~~ " () (_) 0 ... -} (; ,_, ,_, ,_, _J__ ,_, ,_, 

~PIN 1 IDENTIFIER 
12 

ND 12, Note 2 

Ref. 90XOO 181 

I· D w ·/ 

l JF BASE PLANE 

~ 
cp .015 @ c A@Je~ 
cp .010 @ c 

TRW LSI Products Inc. 57 



S7 Package (Platform Style) 
24 Pin Hermetic Metal DIP, Bottom Sealed 

Notes: 1 Dimension N: the total leadcount. 

2. Dimension ND: the leadcount per package side 

3. Controlling dimension: inch. 

24 13 

n 
u 

@ @ @ @ @ @ @ @ @ @ @ @ 

A@@@@@@@@@@@ 

l ~ PIN 1 IDENTIFIER 
12 

-------~o~------

i---------02------

58 

Dimensions 

Inches (Millimeters) 
Sym Min Max Notes 

A .225 (5.72) 

b .016 (0.41) .020 (0.51) 

0 1.400 135.~6) 

Dz 1.300 (33.02) 

E .840 (21.34) 

E1 .600 (15.24) Ref. 

Ez .760 (19.30) 

e .100 (2.54) Ref. 

L .185 14.70) .210 (5.53) 

N 24, Note 1 

ND 12, Note 2 

Ref. 90X00181 

TRW LSI Products Inc. 



X1 Package 1 C (TO-S/M0-12 Style) 12 Lead Meta an Dimension~s~-----=::-=:;-------_ 
t s) Inches (Millime er 

. uantity of lead positions. D·1mension N: maximum. q Notes: 1. h 
2. Controlling dimension: inc . 

Notes Max -Sym Min 

A .145 (6.68) .170 (4.32) 

</>B .016 (0.41) .019 (0.48) 

¢0 .598 (15.19) .602 (15.29) 

¢01 .545 (13.84) .550 (13.97) 

e . l 00 (2.54) Basic 

F1 .010 (0.25) .040 (1.02) 

j .026 (0.66) .036 (0.91) 

k .026 (0.66) .036 (0.91) 
-

L .310 (7.87) .340 (8.64) 

N 12, Note 1 

OI 45° 
.l .l 

Ref. 90XOO 181 

i-~-- ¢>0-----1 

1- ••. • 
A ~-4l:~nrrr-t ~PLANE 

~ + 
I L 

1-!IJ-[u'®l•l•@l•®I•• _j 81 

TOP VIEW 
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X2 Package 
24 Pin Ceramic DIP 

Notes: 1. Dimension N: number of terminals. 

2. Dimension ND: number of terminals per package edge. 

3. Controlling dimension: inch. 

PIN 1 
IDENTIFIER 

60 

24 13 

.040 ® 
-$- .020 ® 

.010@ 

c A@ 
c e@ 
c 

Dimensions 

Inches (Millimeters) 

Sym Min Max Notes 

A .265 (6.73) 

b .016 (0.41) .020 (0.51) 

h1 .040 (1.02) .060 (1.52) 

c .008 (0.20) .015 (0.38) 

D 1.320 (33.53) 

E .815 (20.70) 

E1 .800 (20.32) Basic 

e .100 (2.54) Basic 

L .125 (3.17) .200 (5.08) 

N 24, Note 1 

ND 12, Note 2 

0 .035 (0.89) .065 11.65) 

s .100 (2.54) Ref. 

Ref. 90XOO 181 

TRW LSI Products Inc. 



YB Package 
8 Lead Metal Can 

Notes: 1. Dimension N: maximum quantity of lead positions. 

2. Controlling dimension: inch. 

A1 L1 L2 

t t t BASE PLANE 

BOTTOM VIEW 

TRW LSI Products Inc. 

Dimensions 

Sym Min 

c/>8 .195 (4.951 

A1 .015 (0.381 

Az .165 (4.911 

c/>B .016 (0.411 

.PB1 .120 (3.05) 

c/>D .350 (8.891 

c/>D1 .315 (8.001 

F1 

i .028 (0.711 

k .029 (0.741 

L1 

Lz .250 (6.351 

L3 .500 (12.701 

N 

Di 

Ref. 90X00181 

SEATING PLANE 

TOP VIEW 

Inches (Millimeters) 

Max Notes 

.205 (5.211 

.040 (1.021 

.185 (4.701 

.019 (0.481 

.140 i3.56) 

.370 (9.401 

.335 (8.511 

.025 (0.891 

.034 (0.861 

.045 (1.141 

.500 (12. 701 

8, Note 1 

45° Typ. 

21587A 

61 



z3 Package 
3 Lead T0-92 

f f 
J_ E 

___i__L___._.._-LEJ 

~ _./()C1 

SD 

r-A-1 
r ----, 

0 

62 

Dimensions 

Min Sym 

A .175 {4.44) 

••• ii~ •• 

Inches (Millimeters) 
Max 

.185 {4.70) 

A1 .016 {0.41) 

be .015 · -~-~-0~14~G10~.36~1!__+-~~~~0~3~1~t-~~~:::: .0145 {0.37) 

_ 190 14.57) Nominal 

</>b 

</>D 

E 

e .090 {2.29) .055 {1.40) _j__:!.0~4~511~.14~)-+-~~~.:__-r~ e1 

i 
L 

L1 1---+---, Lz 
Q 

s .083 {2.11) 

"1 

az_L_ __ 

Ref. 90X00181 

Note: 1. Controlling dimension: inch. 

21589A 

TRW LSI Products Inc. 



Glossary 
ACC Accumulate (ControD 
An active-HIGH control signal which causes the contents of 
the product register to be added to (or subtracted from) the 
output of the multiplier in a multiplier-accumulator. 

AGND Analog Ground 

Al.IASllG 

AID INPUT 

Ground reference point for analog power supply and analog 
circuitry. 

BW Full Power Bandwidth 

AID SAMPLES 

111111111111111111111111111111111111111111111111111111111111111111111111111 D/A SAMPlES 

Bandwidth specified for a flash Analog-to-Digital (AID) 
converter is different from the bandwidth specification !l;iven 

- OIAOUTPUT~ 1/ for a purely analog device. Before attenuation becomes a 
significant factor in the performance of the converter, other 
problems may arise, leading to degraded performance. 
Spurious and missing codes might be encountered when the Figure 1. Beat Frequency Test 
analog input frequency exceeds the bandwidth specification. 
Bandwidth for an AID converter is the maximum frequency 
full-scale input sinewave that can be accurately quantized by 
the AID converter without spurious or missing codes. A 
spurious code is a code which is grossly inaccurate, such as 
when the input signal is near mid-scale and an output code 
which is a full-scale output is generated. When the signal is 
reconstructed with a D/A converter, this spurious code looks 
like a glitch, and is therefore sometimes referred to as a 
glitch. Bandwidth is measured with worst case power supply 
conditions and sampling at the maximum sampling rate. 
(Fs). 

SYNTHESIZER 

REFERENCE 
OUT 

SIGNAL 
OUT 

SYNTHESIZER 

REFERENCE SIGNAL 
IN OUT 

The test used to determine the bandwidth of an AID coNv 
converter is the "Beat Frequency Test." The principle INPUT 

behind this test is to use "aliasing" to convert a high- AID CONVERTER 

frequency input signal to a low-frequency output signal 
which is easier to analyze. This is done by providing the Figure 2. Beat Frequency Test Set-Up 
AID converter with a high-frequency sine wave input, and 
then sampling the input at a rate offset by a small delta in 
frequency from an integral (N) multiple of the input 
frequency. A DI A converter is given every Nth AID output; 
this produces an output signal of the AID which is an 
aliased version of the input. This is shown in figure 1, 
where the upper high frequency input is sampled at a rate 
slightly faster than three times its frequency (AID samples 
are taken at the locations of the upper bars), every third 
AID sample (lower bars) is presented to a DI A converter, 
and the resultant output signal is the bottom low frequency 
signal. In a typical set-up, the analog reconstruction (DI A 
output) is examined on an oscilloscope for spurious and Figure 3. Spurious Code 
missing codes. Figure 2 shows a typical test set-up. A 
spurious code is defined as a non-continuous change in the 
output of the AID which is not reflected in the input signal. 
Figure 3 shows an example of a spurious code in the 
reconstructed output of an AID converter. A missing code is 
defined as a code which has a code size less than the 
minimum specified (see definition for Q, code size). Figure 
4 shows an example of the output of an AID which has 
missing codes. The photographs for figures 3 and 4 were 
both obtained with a beat frequency test. 

TRW LSI Products Inc. 

Figure 4. AID Converter 
With Missing Codes 

PULSE GENERATOR 

TRIGGER 
IN 

OUT 

+N 

0 
OSCILLOSCOPE 

V1N 

LOW PASS 
FILTER 



BWR Bandwidth, Reference 

BWR specifies the maximum frequency at which the 
reference (VREF) may be exercised. It is a small signal 
parameter since in many cases the reference may only be 
varied by a small portion of its full-scale value. Exceeding 
the BWR specification may result in the same types of 
coding. errors encountered when the BW specification is 
violated. 

C1 Digital Input Capacitance 
The amount of capacitive loading present at a digital input. 
Digital input capacitance is measured with a capacitance 
bridge, applying a !MHz signal to the input. 

C1N Input Equivalent Capacitance 

CrN is an approximation of the largely capacitive input 
impedance of a flash AID converter. The input capacitance 
is slightly dependent upon the DC level of the analog input 
voltage and the input frequency. The input equivalent 
capacitance must be taken into account when designing a 
buffer to drive a flash AID. 

The method used to test input capacitance involves sending a 
high-frequency signal through a transmission line to the 
analog input, and determining the input impedance by 
analysis of the reflected wave. This type of test is performed 
by an R.F. impedance analyzer. 

Co Output Capacitance 
Parasitic capacitance between the output terminal of a device 
and ground. 

CONY Convert (Input) 

An input signal whose rising edge initiates sampling in a 
flash analog-to-digital converter. The input signal is 
quantized after a delay of tsTO· 

CREF Input Capacitance, Reference 
Parasitic capacitance between the reference input terminal 
and analog ground. 

DG Differential Gain 

Differential Gain is defined as "The difference between (l) 
the ratio of the output amplitudes of a small high-frequency 
sine wave signal at two stated levels of a low frequency 
signal on which it is superimposed and (2) unity" 111. 
Distortion-free processing of a color television signal 
demands that the amplitude of the chrominance signal not be 
affected by the luminance function. This is a relevant 
specification for the video industry since the saturation of 
the color· being shown is represented by. the amplitude of a 
small signal superimposed upon another signal which 
determines the brightness of the color. The standard method 
for measuring the differential gain of a device is by using a 
standardized test signal, known as a modulated ramp (refer 
to figure 5). The output of the AID is . then reconstructed by 
a reference DI A and low pass filter; the resultant signal is 
displayed on a Vectorscope which is defined in reference (2). 
During DG measurements the vectorscope display will be 
fuzzy due to quantizing errors in the AID and DI A. The 
measurement requires interpretation of the peak-to-peak 
curvature of the center of the waveform. Figure 6 shows a 
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vectorscope photo with DG testing in progress. The center 
line is indicated with a dashed line. There are theoretical 
bounds on differential gain performance described in [31. The 
number specified on an AID converter data sheet is the 
difference between the· actual differential gain of the device 
and the theoretical performance, Figure 7 shows the typical 
test set-up that might be used in Differential Gain testing, 
which is described in more detail in reference (2). 

----120 IRE UNITS 

·~'H--J 
Figure 5. Modulated Ramp Test Signal 

2.9% 
DIFFERENTIAL 
GAIN 

Figure 6. Differential Gain, Example Results 

Fs fs OF REQUIRED) 

Figure 7. Differential Gain And Phase, Test Set-Up 

DGND Digital Ground 

RAMP IS NOT 
DEFINED IN 
THIS PERIOD 

---0 

---40 

VECTORSCOPE 

Ground reference point for digital power supply and digital 
circuitry. 

DP Differential Phase 

Differential Phase is defined as "the difference in output 
phase of a small, high-frequency, sine wave signal at the 
two stated levels of a low frequency signal on which it is 
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superimposed" [1]. Distortion-free processing of a color 
television signal demands that the phase of the chrominance 
signal not be affected by the luminance function. 

Differential phase errors appear on the T. V. screen as 
changes in the hue of the colors (tint) as the brightness 
changes. Differential phase testing is very similar to 
differential gain testing. The equipment shown in figure 7 is 
identical, and the display shown in figure 8 is similar to that 
of figure 6. The results are analyzed in the same manner as 
Differential Gain, taking the center line of the fuzzy line and 
finding its maximum peak-to-peak deviation. Reference [2] 
also describes differential phase testing of AID converters. 

Figure 8. Differential Phase, Example Results 

EAP Aperture Error 
Since there is an aperture of non-zero duration during which 
the AID looks at a signal before conversion, there are errors 
introduced in the conversion. These errors are the effect of: 
aperture time (the amount of time during which the input 
signal is considered before conversion), aperture time 
uncertainty (the variation in aperture time) and aperture jitter 
which is the uncertainty in the starting instant of the 
aperture time. All of these effects are combined in a single 
parameter, Aperture Error (EAp). Aperture errors cause a 
degradation of the SNR of the AID converter with higher 
analog input frequencies and are estimated based upon this 
SNR degradation. 

EG Absolute Gain Error 

The variation in the slope (gain) of the transfer function of a 
converter with respect to an established ideal transfer 
function. This error may be eliminated by adjusting the 
reference voltage or current applied to the device. 

ELD Linearity Error, Differential 

Differential non-linearity is a measure of the uniformity of 
the code midpoint spacing. Differential linearity is defined as 
the maximum of the difference between adjacent code 
midpoints and the width of one Least Significant Bit (LSB), 
divided by the width of an ideal LSB (all units are in LSBs). 
If there is a missing code, the center of that code is 
considered to be the transition which skips that code. A 
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differential non-linearity calculation is shown in figure 9. 
Another method that can be used to determine differential 
non-linearity is by a subtractive ramp test which examines 
the difference between adjacent quantization levels (see 
Eu). This method is shown in figure 10. Differential non­
linearity is sometimes measured with a statistical (histogram) 
test. In the histogram test the AID converter is provided a 
full-scale sinusoidal analog input, and a large number of 
output samples are collected. The probability of obtaining 
each code is then calculated and the actual ratio of number 
of samples at that code to total number of samples is 
compared to this ideal probability. The differential linearity 
is then estimated, with the assumption that an increase in 
code width would result in a corresponding increase in the 
number of occurrences of that particular code. 

Differential Linearity Error Test Method 

Find maximum value of 
I I step srze - lsb width I I 
Divide above by lsb width 
Note: step size is not the same as the 
code srze defined as 0. 

CENTER OF CODE ".._ 

"' SECTION OF A/D TRANSFER FUNCTION 

Figure 9. Differential Linearity Error 

Y, LSB DIFFERENTIAL NON-LINEARITY 

Figure 10. Differential Non·Linearity Measurement 

Eu Integral Linearity Error 

Integral linearity is a measure of how the ideal and actual 
transfer functions of the AID compare. The integral linearity 
error is the maximum difference between the actual and 
ideal quantization levels (the midpoint between adjacent 
threshold levels). A typical AID transfer function showing 
different types of linearity errors is shown in figure 11. 
There are several methods for measuring integral linearity. 
Zero-based linearity is used mainly in bipolar systems with 
adjustments that allow the user to null any errors at the ~ 
origin (the center of the transfer function). To measure zero-
based integral linearity, a "straight line of best fit" is drawn 
through the origin. Then the maximum deviation of the 
actual transfer function from this line is determined. 
Terminal-based linearity measurements are similar to the 
zero-based; however the line is drawn between the two end 
points of the transfer function. The same difference signal is 
generated, and the same method is used for interpreting the 
results. The last common method for measuring independent-
based integral linearity involves drawing the "straight line of 
best fit" through the transfer function, independent of the 
mid or end points, then calculating the error. When 
measuring integral linearity, a common test is the subtractive 
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ramp test. A low-frequency ramp is digitized by the AID 
converter, then the signal is reconstructed with a DI A 
converter. The reconstructed signal is now subtracted from 
the original ramp with· a differential amplifier and the 
difference (error signal) is displayed on an oscilloscope. The 
sawtooth wave displayed on .the oscilloscope can now be 
examined for integral non-linearities. Figure 12 shows the 
test set-up for the subtractive ramp test, and figure 13 is a Figure 14. zero-Based Linearity Measurement 
photo of the oscilloscope screen during such a test. Figures 
14, 15 and 16 show the measurement of zero-based, 
terminal-based and independent-based linearity error using 
the subtractive ramp test. 
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Figure 11. AID Converter Transfer Function 
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Figure 12. Subtractive Ramp Test Set-Up 

Figure 13. Subtractive Ramp, Example Results 
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Figure 15. Terminal-Based Linearity Measurement 

Figure 16. Independent-Based Linearity Measurement 

Eu Integral Linearity Error (lermimil-Based) 

{ 

STRAIGHT LINE/ 
CONNECTllllG 
ENDPOINTS 

The maximum difference between the actual transfer 
characteristics {)f a converter and the straight line that passes 
through the end-points (terminals) of that data. 

Eoe. EoT Offset Voltage Bottom, Offset Voltage Top 
Figure 17 shows the block diagram for a typical 6-bit flash 
AID converter. There is a parasitic (Rp) resistance between 
the RT lead and the first resistor. The voltage drop across 
this resistor is an offset voltage between the first code 
quantization level and the voltage applied to RT. This offset 
is referred to as EoT· The similar offset voltage at the 
bottom of the resistor chain is EoB· EoT and EoB are 
measured by applying a known voltage to RT and RB and 
measuring the difference between these voltages and the 
voltages of the first and last code transitions of the AID 
converter. In an ideal AID, the first transition occurs at a 
point I 12 LSB more negative than the top of the range. 
Therefore, if the input voltage to the device is set 1/2 LSB 
closer to RB than zero, and VRT is adjusted to get toggling 
between codes 0 and 1, then the voltage on RT will be 
EQT· 

EoeS· EoTS Offset Errors, Sense Connected 
To minimize the effect of offset errors, some AID 
converters have sense outputs. These allow the use of a 
sense pin, which carries minimal current to close a feedback 
path around the reference input, resulting in lower offset 
errors. Figure 18 shows a block diagram for an AID 
converter which has sense connections. Figure 19 shows 
how a feedback path is closed around an operational 
amplifier to make use of the offset sense point. EoBS and 
EoTS are the residual offset errors when the sense leads are 
used. 
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Figure 17. 6-Bit Flash AID Block Diagram 
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Figure 18. 9-Bit Flash AID Block Diagram 
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Figure 19. Driving A Reference With The Sense Connection 

Fs Maximum Samplng Rate 

Fs is a sampling rate (samples per second) at which the 
converter is guaranteed to operate. Most flash AID 
converters will operate reliably at any rate up to the 
maximum sampling rate, which is measured with worst case 
supply, worst case duty cycle conditions, and maximum full­
power input frequency. 

FT c. FT D• FT R Feedlhrough -clock, -data, -reference 
A measure of unwanted leakage from an input port of a 
device to another port (e.g., the analog output of a DIA 
converter), which is expressed in decibels relative to the 
full-scale value of the output. Clock and data feedthrough 
refer to spurious output noise arising from logic transitions 
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at the clock and data inputs. Reference feedthrough relates 
to output variation as a function of reference variation in a 
DI A converter when data inputs correspond to a zero output. 

Ge Peak Glitch Charge 
The maximum product of the glitch current and the duration 
of the glitch; usually given in units of picoCoulombs (pC). 
Since glitches tend to be symmetric, the average glitch 
charge is usually much less than the peak glitch charge. 

GE Peak Gitch "Energy" (Araal 
The maximum product of the glitch voltage and the duration 
of the glitch; usually given in units of picoVolt-seconds 
(p V-sec). Since glitches tend to be symmetric, the average 
glitch area is usually much less than the peak glitch area. 

G1 Peak Gltch Currant 
The transient current deviation from the ideal output current 
during an input code transition. 

Gy Pllllk G&tch Voltage 

The transient voltage deviation from the ideal output voltage 
during an input code transition. 

Ice Input Current. Constant Bias 1 
The current drawn by the input of the AID converter is 
dependent upon frequency and voltage level of the analog 
input. The current is sometimes also dependent upon the 
phase of the convert signal. This dependence is explained 
under lsB• synchronous bias current; however, neglecting all 
of these second order effects, the current drawn by the input 
of the AID is lea· This can be thought of as the sum of the 
comparator input bias currents which is dependent upon the 
input voltage level. 

Ice Supply Currant 1 
Ice is the current drawn by the device from the V cc 
supply. Ice is a positive valued parameter. Ice decreases 
with increasing temperatures in bipolar devices and is 
measured with V CC at the maximum rated value. 

looL Loaded Supply Current 
Current flowing into the positive power supply terminals 
with all inputs and outputs toggling at the maximum clock 
rate, and an output test load of 500 Ohms and 40pF for 
CMOS devices. IDDL is the current measurement under 
worst case conditions. In addition to the internal or unloaded 
supply current, the output buffer now requires current to 
charge and discharge the load capacitance. This parameter is 
frequency-dependent. (See IDDQ and loou for CMOS 
supply current under different measurement conditions.) 

Note: 1. All currents are defined as positive when flowing into the device. 
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loon Quiescent Supply Current 
Current flowing into the positive power supply terminals 
under quiescent conditons for CMOS devices. If the inputs 
are tied LOW, and the outputs are in a high-impedance 
state, no gates are switching. As a result, the p-channel and 
n-channel transistors that compose the basic CMOS gate are 
neither charging nor ,discharging stray capacitance, and only 
leakage current flows into the positive supply. (See IDDU 
and IDDL for CMOS supply current under different 
measurement conditions.) 

loou Unloaded Supply Current 
Current flowing into the positive power supply terminals of 
a CMOS device with all inputs toggling at the maximum 
clock rate, and the outputs in a high-impedance state., With 
the device unloaded, IDDU includes only the components 
that contribute to the internal current: the leakage current 
when the gate is in a "O" or "l" state, and the current 
drawn during a gate transition. An increase in averag~ gate 
switching frequency will lead to an increase in current. (See 
IDDQ and IDDL for CMOS supply current under different 
measurement conditions.) 

IEE Supply Current 1 

IEE is the current drawn by the device from the VEE 
supply, Since IEE is referenced to a negative supply, it is a 
negative valued parameter (current ,flows out of the device). 
In TRW bipolar devices, IEE decreases with increasing 
temperatures and is measured with the maximum (most 
negative) rated VEE· 

11 Input Current, Maximum Input Voltage 1 

Current flowing into a digital input under worst-case power 
supply and input voltage conditions. 

l1H Input current, Logic HIGH 1 

I IH is the current drawn by a digital input to the device 
when the potential of the terminal is in the logic HIGH 
state. 

l1L Input Current, Logic LOW 1 

IIL is the current drawn by a digital input to ,the device 
when the potential of the terminal is in the logic LOW state. 

lof Output Offset Current 1 

The residual output current of a DI A converter that flows 
when all internal current sinks are switched off. 

loH Output Current, Logic HIGH 1 

IoH is the maximum current that can be forced into (this is 
a negative value, therefore current flow is out of the device) 
an output terminal in the HIGH state, while potential at the 
terminal remains within the VoH specification. 

loL Output Current, Logic LOW 1 

loL is the maximum current that can be forced into an 
output terminal on the LOW state, while the potential at the 
terminal remains within the VoL specification. 
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loN Maximum Current. . Output 1 

The maximum current that flows into the "OUT-" output of 
a DIA converter. , 

lop Maximum Current, + Output 1 

The maximum current that flows into die "OUT+" output 
of a DI A converter. 

las Output Short Circuit Current 1 

The current flowing from an output when the output is short 
circuited to ground while in the logic high state. This 
specification is usally indicated only on TTL compatible 
devices. 

IREF Reference Current 
Current Flowing into or out of the reference input terminals 
of an AID or DI A converter. 

lse Input Current, Synchronous Bias 
In some flash converters, the current flowing into the analog 
input varies slightly depending upon the state of the CONY 
signal. If the comparators are in the track mode (CONY 
LOW), then the input current is greater, and the amount of 
this current change is ISB, synchronous bias current. 

MSPS Megasamples Per Second 
The abbreviation for the conversion rate (clock or convert 
frequency) at which an AID or DIA converter is operating. 

NPR Noise Power Ratio 
''NPR is the decibel ratio of the noise level in a measuring 
channel with the baseband fully noise loaded to the level in 
that channel with all of the baseband noise loaded except the 
measuring channel: [41. To test NPR, the input of the AID 
converter is presented with white noise having a frequency 
spectrum from low frequencies up to 112 the sampling rate. 
The power of the input noise is adjusted so that the 
converter is fully loaded, but not clipping excessively. The 
output of the AID converter is then converted back into an 
analog signal with a DIA. The DIA output is passed through 
a very narrow band pass filter, and the output power of the 
signal is measured. The process is now repeated, but with a 
notch filter at the input of the AID converter. The ratio of 
the two measured powers is the Noise Power Ratio, and is 
often expressed in dB: 

NPR = 10 log10(ratio) 

NPR is often used to determine how much noise will 
"bleed" into one channel from other channels in a 
broadband, frequency domain multiplexed system. 

PREL Preload (ControD 
A control signal which determines (in conjunction with the 
three-state control pins) which of three signals is to be 
loaded into the output register at the rising edge of the 
product clock: the result of the calculations which were just 
performed, the present contents of the output register, or a 
value applied to the output port by external circuitry. 

Note: l, All currents are defined as positive when flowin'g into the device. 
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PSS Power Supply Sensitivity 
A measure of DC variation of an output under consideration 
(e.g., the analog output of a DIA converter) as the power 
supply voltage is varied around the nominal value. PSS is 
specified in milliAmps or miUiVolts of output change per 
Volt of supply change. 

PSRR Power Supply Rejection Ratio 
A measure of high-frequency noise rejection from the power 
supply inputs of a device to the output under consideration 
(e.g., the analog output of a DIA converter). Expressed in 
decibels relative to full-scale output. Generally, PSRR 
decreases with increasing frequency and for this reason is 
often specified at more than one frequency. 

0, CS Code Size 
Code size is the size of the individual codes, from code 
transition to code transition. It is often expressed as a 
percentage of the ideal code size. The ideal code size is 
given by: 

Input Voltage Range 

2N 

Where N is the number of bits of resolution of the AID 
converter. 

Q is also defined as the total number of quantizing levels or 
codes output by a converter (2N) with N being the number 
of bits of resolution provided by the AID. 

RES Resolution 

The smallest level separation (input level of A/Ds and output 
level for DI As) that is unambiguously distinguishable over 
the full-scale range of a converter. It is expressed as a 
percentage of full-scale or as an equivalent number of bits, 
usually the number of data inputs of a DI A or data outputs 
of an AID converter. 

RtN Analog htput Impedance 
Although the input impedance of a flash AID converter is 
largely capacitive, it does have a resistive component which 
is approximated with R1N the input resistance. RIN varies 
with the input voltage. 

Ro Equivalent Output Resistance 
The effective equivalent resistance between an analog output 
terminal of a DI A converter an<l analog ground. 

RREF Reference Resistance 
RREF is the total resistance of the entire reference resistor 
chain, including parasitics. It can be measured directly 
between RT and Rs. Another method of testing RREF is to 
calculate it from IREF and (VRT - VRBl· 

Rs Register Shift !Control) 
A control signal which changes the output format to permit 
a valid result for the product of two most negative numbers. 
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SNR Signal-To-Noise Ratio 

The signal-to-noise ratio is the ratio of the value of the 
signal to that of the noise. The values of the signal and of 
the noise are usually RMS, but for some signals such as 
video, it is defined as peak-to-peak signal vs RMS noise, 
because it is difficult to determine the RMS value of a video 
signal, and the meaning of peak-to-peak noise is not a useful 
parameter. The signal-to-noise ratio of an AID converter 
provides a good figure of merit for the dynamic accuracy of 
the device. To test SNR, the AID converter is given a high 
purity sine wave input. This is sampled at a non-harmonic 
sampling rate and the output of the AID converter is stored 
in memory. The data from the AID are then transformed 
into the frequency domain with a Fast Fourier Transform 
(FFT) and analyzed to determine the SNR. When analyzing 
the data most of the "noise" will be located at the harmonic 
frequencies; therefore the SNR is a good estimate of total 
harmonic distortion. The analysis method takes the RMS or 
peak-to-peak voltage of the signal, and divides it by the 
RMS value of the noise. SNR is usually expressed in dB 
with the formula below: 

Signal 
SNR = 20 log JO 

Noise 

SUB Subtract (Control) 

A control signal which determines whether the present 
contents of the output register is added to (SUB = LOW) or 
subtracted from (SUB = HIGH) the product at the output. 

TA Ambient Temperature 
For standard temperature range devices, the temperature 
range is specified in terms of the ambient temperature (still 
air) surrounding the converter. 

Tc Case Temperature 
For extended temperature range devices, the temperature 
range is specified in terms of the case temperature. 

TC Two's Complement (General Definitionl 

Two's complement is a binary numbering system in which 
the Most Significant Bit (MSB) carries the sign information 
by virtue of a negative place value. In two's complement, an 
MSB of ZERO signifies a positive number, a ONE denotes 
a negative number, and the negative number order is 
reversed from straight binary. That is, the number which 
consists of all ONEs is the least negative number, and the 
number which consists of a ONE and all ZEROs is the most 
negative number. 

TC Two's Complement (Controll 

An active HIGH signal which designates one or both inputs 
as two's complement numbers. If TC is LOW, unsigned 
magnitude processing will be used. Note that some parts 
allow independent designation of each input as two's 
complement or unsigned magnitude, and other parts do not. 

TCG Gain Error Tempco 
The factor which linearly approximates the variation with 
temperature of Absolute Gain Error, EG. 
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T co Temperature Coefficient 
T CO is the factor which linearly approximates the variation 
with temperature of Offset Errors (EQT• EoBl· This is a 
first order approximation and the actual temperature 
coefficient is a function of temperature which may exceed 
the maximum of Teo in some temperature ranges. 

to Output Delay 
tD is the time between the rising edge of the CONY signal 
and the time at which the output data from the AID is 
guaranteed to be stable. On many TTL flash AID 
converters, this delay can be reduced by the addition of pull­
up resistors from the data outputs of the device to the V CC 
supply. This output delay is measured with the test load 
specified in the corresponding data sheet. 

tH Hold Time 
The time period after the operative edge of CLK signal 
during which input data must be constant in order to be 
correctly registered. 

tHo Output Hold Time 
The time from the rising edge of the convert signal to the 
time when the output data lines begin to change. 

tpw Pulse Width 
The time period between consecutive edges of a logic pulse. 

tpwH Pulse Width High 
tpwH is the minimum width high CONY pulse with which 
the AID will accurately operate if all other specifications are 
met. tpwH is measured from the l.3 Volt level of the rising 
edge of the CONY signal to the l .3 Volt level of the falling 
edge of the CONY signal on TTL compatible devices. If the 
CONY signal has a low portion of tpwL• and a high 
portion of tpwH• the device may be exceeding Fs in which 
case it may not operate properly. The performance of many 
AID converters performance can be improved by making 
tpwH as long as possible. 

tpwL Pulse Width Low 
tpwL is the minimum width low CONY pulse with which 
the AID will accurately operate if all other specs are met. 
tpwL is measured from the 1.3 Volt level of the falling 
edge of the CONY signal to the 1.3 Volt level of the rising 
edge of the CONY signal on TTL compatible devices. 

TRIL Three-State Least Significant Product (Control) 
A control which enables the output state for the least 
significant product when in the LOW state, and places the 
output stage for the least significant product in the high­
impedance state when HIGH. 

TRIM Three-State Most Significant Product (Control) 

A control which enables the output stage for the most 
significant product when in the LOW state, and places the 
output stage for the most significant product in the high­
impedance state when HIGH. 
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ts Setup Time 
The time period prior to the operative edge of the clock 
signal during which input data must be stable in order to be 
correctly registered. 

TSL Three-State Least Significant Product (Control) 
A control which enables the output stage for the least 
significant product when in the LOW state, and places the 
output stage for the least significant product in the high­
impedance state when HIGH. A HIGH on this control also 
forces the most significant product section of the output 
register to be preloaded at the rising edge of the product 
clock when PREL is active. 

TSM Three-State Most Significant Product (Control) 
A control which enables the output stage for the most 
significant product when in the LOW state, and places the 
output stage for the most significant product in the high­
impedance state when HIGH. A HIGH on this control also 
forces the most significant product section of the output 
register to be preloaded at the rising edge of the prodµct 
clock when PREL is active. · 

tsrn Sampling Time Offset 
Sampling time offset is the time interval between the rising 
edge of the CONY signal and the actual instant at which the 
AID samples the input signal. 

TSX Three·State Extended Product (Control) 

A control which enables the output stage for the extended 
product when in the LOW state, and places the output stage 
for the extended product in the high-impedance state when 
HIGH. A HIGH on this control also forces the extended 
product section of the output register to be preloaded at the 
rising edge of the product clock when PREL is active. 

ITR Transient Response 
tTR is the amount of time required for the converter to 
recover from a fullscale input transition, before valid data 
can be produced. The comparators in a flash AID converter 
have a finite slew rate and a finite settling time. If a device 
is presented with a full-scale input change (which exceeds 
that slew rate), it takes tTR for the input circuit to recover 
and provide accurate data. 

V AGND Analog Ground Voltage 
Potential of the analog ground terminal with respect to the 
digital ground terminal. 

Vee Positive Supply Voltage 
The positive power supply voltage required for operation of 
a device. 

VEEA• VEED• VEE Supply Voltage 
VEE is the negative supply voltage. On converters with both 
digital and analog negative supplies, the analog supply is 
denoted VEEA, and the digital supply is VEED· 
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V1cM Input Voltage, Common Mode Range 
The operational limit over which a differential logic input 
voltage may be varied. 

Vmf Input Voltage, Differential 
The voltage difference between a logic input and its 
complementary input. 

V1H Input Voltage, Logic HIGH 
The voltage required on a digital input in order for that 
input to be forced to a valid logic HIGH state. 

V1L Input Voltage, Logic LOW 
The voltage required on a digital input in order for that 
input to be forced to a valid logic LOW state. 

V DCN Voltage Comp6ance, · Output 
A measure of the range over which the output voltage of a 
current generator may be varied. VocN is the voltage 
compliance of the - output of a Di A converter. 

V DCP Voltage Compliance, + Output 
Vocp is the voltage compliance of the + output of a Di A 
converter. See V OCN. 

V DH Output High Voltage 
The potential at an output terminal in the high state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. V OH is measured with V CC at a 
minimum. 
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V DL Output Low Voltage 
The potential at an output terminal in the low state with 
respect to digital ground, when loaded with the test load 
defined in the data sheet. VoL is measured with V CC set to 
the maximum value. 

Vozs Output Voltage, Zero Scale 
The residual output voltage of a Di A converter that appears 
at its output when all internal current sinks are switched off. 

VRe Reference Bottom Voltage 
The potential of the RB terminal with respect to analog 
ground. 

VRM Reference Middle Voltage 
The potential of the RM terminal with respect to analog 
ground. 

VRT Reference Top Voltage 
The potential of the RT terminal with respect to analog 
ground. 
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TP-35 "High-Speed Color Palette Memory for the TDC1034 
Graphics-Ready DAC" by D. Watson. 
Design of a Color-Palette Memory for 4 and 8-bit 
"Graphics-Ready" AID converters is described herein. 
Included are a block diagram and detailed schematic for 
3x256x4 Color-Palette. Other related information is given 
for CRT graphics applications. 

TP-36 "Using Matrix Notation to Build Image Manipulation 
Algorithms vvith the TMC2301 Image Resampling Sequencer" 
by Dr. J. Eldon and R. Wegner. 
The Image Resampling Sequencer is a powerful device for 
many image manipulation problems. To fully utilize the 
device the user must understand the role of the image 
transformation coefficients. This application note discusses 
how coefficients can be determined using matrix notation 
and mathematics based on the desired image transformation. 

TP-37 "Using the TMCZ301 Image Resamp&ng Sequence(' 
by Dr. J. Eldon and R. Wegner. 
The TMC2301 is a image transformation controller/address 
generator, around which a imaging system can be built to 
perform filtering, rotation, warping, panning, zooming and 
compression of images in real-time. This device provides a 
simplified approach to complex, logic intensive imaging 
problems. This application note discusses basic TMC2301 
imaging systems, device operation andJiming. It covers use 
of the device such as: static filtering and image resampling, 
as well as applications examples. 

TRW 'LSI. Products Inc. 



Application Notes 

TP-lA "Multiplier-Accumulator Application Notes" by 
Louis Schirm IV. 

An introduction to the use of MACs as the basic building 
blocks of all Digital Signal Processing (DSP). The 
construction of various kinds of filters, complex 
multiplication and Fast Fourier Transforms (FFTs) using 
discrete MACs is covered. Many of TRW LSI's most recent 
DSP products integrate several MACs on a single chip 
utilizing these techniques. 

TP-2A "Monolithic Bipolar Circuits for Video Speed 
Data Conversion" by Willard K. Bucklen. 

This application note describes TRW LSI's development of 
the world's first monolithic video ADC, the TDC1007, as 
well as other A/Ds and DI As. It is an excellent introduction 
to the operation of high-speed flash, successive­
approximation and sub-ranging AIDs, digital error correction 
and low-glitch, high-speed DACs. 

TP-6A "Introduction to the Z Transform and Its 
Derivation" by R. J. Karwoski. 

An introduction to the mathematics involved in most DSP 
systems. It is written to provide newcomers to the digital 
field familiar with analog signal processing a clear 
explanation of the use of the Z transform. The Z transform 
is a means of analysis and synthesis of digital and mixed 
signal (analog-digital) systems. This paper is designed to 
clarify many of the crucial issues that are omitted from most 
introductory texts. 

TP-9A "A Four-Cycle Butterfly Arithmetic Architecture" 
by R. J. Karwoski. 

Covers in detail the use of discrete multiplier-accumulators 
to implement Fast Fourier Transforms (FFTs). The 
"Butterfly" is a computational architecture with which this 
function is realized. Many of these techniques have been 
employed in the design of TRW LSI's dedicated FFT 
processor, the TMC2310, which integrates several MACs on 
a single monolithic chip. (The TMC23 IO is currently 
recommended over the older, more complex application of 
many discrete MACs for the FFT function.) 

TP-17B "Correlation - A Powerful Technique for Digital 
Signal Processing" by Dr. J. Eldon. 

Correlation techniques find use in communications, 
instrumentation, computers, telemetry, sonar, radar, medical, 
and other signal processing systems. Electronic systems that 
perform correlation have been around for years, but they 
have been bulky and inefficient. The development of a 
family of correlators by TRW makes this powerful technique 
practical for a wider range of applications. 

TRW LSI Products Inc. 

TP-18 "LSI Multipliers Applications Notes" 

This application note covers four topics. It shows 1 . ) how to 
connect multipliers to increase the precision (number of bits) 
in a multiplication operation, 2.) how to receive the correct 
results when using multipliers in two's complement systems 
when lower precision (fewer bits) is required, 3.) how to 
multiplex multipliers to achieve higher speeds, and 4.) 
division using multipliers. (Of course, TRW also makes the 
world's only monolithic digital divider chips, the TMC3210 
floating-point divider and the TMC3211 integer divider.) 

TP-19 "Non-Linear AiD Conversion" by B. Friend. 

Describes a method of dynamically modulating the reference 
of a flash AID converter to achieve a desired non-linear 
transfer function. Developed for a high energy physics 
experiment, this technique has applications in numerous 
other fields. 

TP-22 "A guide to the Use of the TDC1028; a Digital 
Filter Building Block" by F. Williams. 

Discusses word and tap sizing of Finite Impulse Response 
(FIR) digital filters, and the implementation of filters with a 
variety of lengths and word sizes. Includes a circuit to 
autoload coefficients. · 

TP-30 "Understanding Flash AID Converter 
Terminology" by M. Saqerwald. 

Definitions of terms that TRW uses in AID converter 
datasheets. 

TP-31 "An Introduction to Two Different Finite Impulse 
Response Structures" by F. Williams. 

Digital filtering is a rapidly expanding field, and the design 
process is not dramatically different from design techniques 
for high-performance analog filters. However, due to the 
flexibility of the digital approach, additional design decisions 
are necessary. This note presents the Tapped-Delay and the 
Frequency-Sampling forms of Finite Impulse Response (FIR) 
filters, with theoretical discussions. 

TP-33 "Using the TDC1018 and TDC1034 in a TTL 
Environment" by D. Watson. 

It is becoming an increasingly common practice to use 
components designed for ECL systems in a +5V only 
environment, interfacing them to TTL logic signals. Using '--t 
the TDC1018 and TDC1034 DI As as examples, this note \:Ill 
describes how that interface is accomplished, including data 
level shifting, DIA output level shifting, and noise 
considerations. 



Application Notes 

TP-39 "Interfacing the TMC2301 Image Resampling 
Sequencer" by Dr. John EI.don and Robert Cordova 

The TMC2301 is a powerful device for image warping, 
rotation, panning, zooming, filtering, and other operations. It 
operates by calculating the addresses of input image pixels 
that correspond to each output pixel as the output image is 
scanned. User-selectable coefficients determine the locations 
of the pixels that are chosen and therefore the transform that 
is performed. This application note specifically addresses the 
application of the TMC2301 towards nearest neighbor 
resampling, bilinear interpolation ( 4 pixel kernels), and 
interpolation using kernels larger than 4 pixels. 

TP-40 "Non-Linear Operations with the TMC2301 Image 
Resampling Sequencer" by Dr. John Eldon and John 
Watson.· 

The TMC2301 may be used to provide both linear (all 
straight lines in the image remain straight) and non-linear 
(straight lines may become curved) image transformations. 
Ordinary pan, zoom, and rotate operations are linear 
transformations. This application note guides the user 
through the use of the TMC2301 's higher-order 
transformation coefficients to provide warped, twisted and 
curVl'd {or unwarped, untwisted and uncurved) images. 

Application Note Cross - Reference 

Part Number Related App Notes 

MPY208K TP18 
MPY28KU TP18 
MPY216H TP18 

TAC1020 TP30 
TAC1025 TP30 

TDC1001 TP2A, TP30 
TDC1007 TP2A, TP30 
TDC1014 TP2A, TP30 
TDC1016 TP2A 
TDC1018 TP33 
TDC1020 TP30 
TDC1025 TP30 
TDC1028 TP22, TP31 
TDC1029 TP30 
TDC1034 TP33 
TDC1035 TP30, TP44A 
TDC1038 TP30 
TDC1044 TP30 
TDC1046 TP19, TPTP30 
TDC1047 TP30 
TDC1048 TP30 
TDC1049 TP30 
TDC1058 TP30 
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-~··· .. , .. 
TP-44A "Maximum and Minimum Value Detection with 
the TDC1035 Peak Digitizer" by Mark Sauerwald. 

The TDC1035 is the world's only monolithic device that 
simultaneously detects and digitizes the peak value of a 
signal to 8 bit precision at high rates. This application note 
covers the practical application of two TDC l035s to the 
simultaneous capture of both positive and negative peak 
values. It includes schematics and circuit board patterns for a 
digital "glitch catcher" -

TP-45A "Designing with the IBC1200 AID Converter 
Family" by Gerry Quilligan. · 

The THC1200, THC1201 and THC1202 AID converters are 
the most versatile collection of 12-bit high-speed AID 
converters available. This application note helps the user 
obtain the highest performance from these devices through 
proper grounding and ground plane technique, controlling 
common mode noise and impedance, power supply selection 
and decoupling, printed circuit board layout, and digital data 
and clock signal termination. Low-jitter clock generation, 
thermal considerations, and AID converter testing are also 
discussed. 

Part Number Related App Notes 

TDC1112 TP33 
TDC1147 TP30 

TDC1318 TP33 
TDC1334 TP33 

THC1068 TP30 
THC1069 TP30 
THC1070 TP30 
THC1200 TP30, TP45 
THC1201 TP30, TP45 
THC1202 TP30, TP45 

TMC2023 TP17B 

TMC2208 TP1A 
TMC2210 TP1A, TP9A, TP31 
TMC222.0 TP17B 
TMC2221 TP17B 
TMC2243 TP22 

TMC2301 TP39, TP40 
TMC2302 TP39, TP40 

TRW LSI Products Inc. 
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Product Numbering System 

TMC 

I L--------------<( Temperature Range and Screening 
(Package T2210 

TL
0 

__ r __ l_1 

----------<< E1ectrica1 variation (option> 

( Device Number 

'---------------------< Device Family 

Screening 

A - High Reliability, Tc = -55°C to 125°C 

B - Industrial, TC = -25°C to 85°C 

C - Commercial, TA= 0°C to 70°C 

F- Commercial, Tc= -55°C to 125°C 

V - 833 Compliant, Tc = -55° to 125°C 

Sales Offices 

Headquarters and Principal U. S. Sales Offices 

TRW LSI Products Inc. 
P. 0. Box 2472 
La Jolla, CA 92038 

4243 Campus Point Court 
San Diego, CA 92121 

Phone: (619) 457 - 1000 
FAX: (619) 455- 6314 
INTERNET: 

switchboard%trwa.decnet@sdfvax.rc.trw.com 
sales%trwa.decnet@sdfvax.rc.trw.com 
applications%trwa.decnet@sdfvax.rc. trw.com 

Asian Sales Office 

TRW LSI Products Inc. 
Park City Mizonokuchi a-901 
379-1 Mizonokuchi, Takatsu-Ku 
Kawasaki-Shi City, Kanagawa Prefecture, 213 
Japan 

Phone: 44-844-5673 
FAX: 44-844-4679 

European Sales Offices 

TRW LSI Products Inc. 
Konrad - Celtis Strasse 81 
D8000 Muenchen 70, Deutschland 

Phone: 89-7103-0 
FAX: 89-7103-80 

TRW LSI Products Inc. 
Unit28 
Frederick Sanger Road 
Guilford, Surrey GU2 SYD 
England, United Kingdom 

Phone:483-302364 
FAX: 483-302365 
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Data Converters - DSP Products 

TRW LSI Products Inc. 
• A/D Converters 
• D/A Converters 
• Linear Products 

Signal Synthesis 
Imaging Products 
Transform Products 

0 Correlators 
0 Vector Arithmetic/Filters 
0 Fixed-Point Arithmetic 
0 Floating-Point Arithmetic 
0 Memory/Storage 


