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Challenging the Future 

LSI Products Division 

As the world leader of high-speed data 
acquisition and digital signal processing 
components, TRW LSI Products has 
made a commitment to the future. In 
the early 1960s, TRW developed TTL 
and pioneered the evolution of 
Integrated Circuit and VLSI 
technologies. Today TRW LSI is 
conducting research to create new 
products and set high-performance 
standards in the design, development 
and manufacture of components. 
I-micron technology is now the 
standard used at TRW in both bipolar 
and CMOS processes. This represents a 
major breakthrough in IC 
manufacturing, producing faster and 
more cost-effective products. 

As system technologies change and 
grow, the group of dedicated 
employees at TRW LSI Products has 
committed the future to setting even 
higher standards in order to provide the 
customer with better, more reliable, 
and more useful products. TRW LSI 
Products currently offers a diverse line 
of DSP components, including: 
multipliers, multiplier-accumulators, 
AID and Df A converters, shift 
registers, floating point processors, and 
others. 

TRW Electronic Components Group 

The use of innovative designs and 
state-of-the-art manufacturing processes 
has resulted in product quality that is 
unsurpassed in the industry. Each 
device receives thorough testing, and 
passes stringent quality control 
requirements. TRW LSI's components 
have been proven in many applications, 
ranging from telecommunications and 
broadcasting to oil and space 
exploration, medical electronics and 
underwater surveillance. 

TRW LSI Products prides itself in its 
responsiveness to customers' 
requirements and needs. As world 
technological advances intensify, the 
most modern research techniques are 
applied to real-life situations in order to 
produce devices designed to improve 
system reliability while reducing circuit 
cost, size and power requirements. 

Our superior products meet all of your 
specific needs. Follow us as we 
develop components that will require 
less space, less energy consumption and 
less design effort for your system. 
Follow us as we challenge the future. 
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Product Index (Family) 

AID Converters Catalog Page Number 

TDC100l 8-Bit, 2.5MSPS 05 
TDC1002 8-Bit, 1.0MSPS 05 
TDC1007 8-Bit, 20MSPS o 15 
TDC1014 6-Bit, 25MSPS o 27 
TDC1019 9- Bit, 15MSPS 037 
TDC1019-1 9-Bit, 18MSPS o 37 
TDC1021 4- Bit, 25MSPS 049 
TDC1025 8-Bit, 50MSPS o 59 
TDC1027 7-Bit, 18MSPS D 75 
TDC1029 6-Bit, 100MSPS D 85 
TDC1044 4- Bit, 25MSPS D 97 
TDC1046 6-Bit, 25MSPS o 107 
TDC1047 7-Bit, 20MSPS D 117 
TDC1048 8 - Bit, 20MSPS o 127 
TDC1147 7-Bit, 15MSPS o 139 

Evaluation Boards 

TDC10D7E1C/P1C 8-Bit, 20MSPS E 5 
TDC1014E1C/P1C 6 - Bit, 25MSPS E 21 
TDC1019E1C 9-Bit, 15MSPS E 35 
TDC1025E1C 8-Bit, 50MSPS E 49 
TDC1029E1C 6-Bit, 10DMSPS E 61 
TDC1047E1C 7 - Bit, 20MSPS E 73 
TDC1048E1C 8 - Bit, 2DMSPS E 83 

D/A Converters .. 
TDC1016-8 8-Bit, 20MSPS F 5 
TDC1016-9 9-Sit, 20MSPS F 5 
TDC1016-10 10-Bit, 20MSPS F 5 
TDC1018 8-Sit, 125MSPS F 17 
TDC1034 4-Bit, 125MSPS F 31 

Multipliers 

MPY008H 8 x 8 Bit, 9Dns Cycle Time G 5 
MPYOO8H-l B x 8 Bit, 65ns Cycle Time G5 
MPYD8HU 8 x 8 Bit, 9Dns Cycle Time G 15 
MPY08HU-l B x 8 Bit, 65ns Cycle Time G 15 
MPY012H 12 x 12 Bit, 115ns Cycle Time G 25 
MPY112K 12 x 12 Bit, 50ns Cycle Time G 39 
MPY016H 16 x 16 Bit, 145ns Cycle Time a 49 
MPY016K 16 x 16 Bit, 45ns Cycle Time a 63 
MPY016K-l 16 x 16 Bit, 40ns Cycle Time a 63 
TMC216H 16 x 16, 145ns Cycle Time, CMDS an 
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Multipliar-Accumulators 

TDC1008 8 x 8 Bit, 1 DOns Cycle Time, 19 - Bit Output H 5 
TDC1009 12 x 12 Bit, 135ns Cycle Time, 27-Bit Output H17 
TDC1010 16 x 16 Bit, 165ns Cycle Time, 35-Bit Output H 29 
TDC1043 16 x 16 Bit, lOOns Cycle Time, 19-Bit Output H 41 
TMC2009 12 x 12 Bit, 135ns Cycle Time, 27-Bit Output, CMOS H 53 
TMC2010 16 x 16 Bit, 160ns Cycle Time, CMOS H 65 
TMC2110 16 x 16 Bit, lOOns Cycle Time, CMOS H 77 

Spacial Functions 

TDC1004 64 x 1 Bit, 1 OM Hz, Digital Correlator, Analog Output I 5 
TDC1022 22 -Bit, 10MHz, Floating Point Arithmetic Unit I 13 
TDC1023 64 x 1 Bit, 15MHz, Digital Correlator, Digital Output I 29 
TDC1028 4 x 4 x 8 Bit, 10MHz, Digital Filter (FIRI I 43 

Memory/Storage Products 

TDC1005 64 x 2 Bit, 25MHz, Shift Register J 5 
TDC1006 256 x 1 Bit, 25M Hz, Shih Register J 11 
TDC1011 8-Bit, 18MHz, Variable Length Shih Register J 17 
TDC1030 64 x 9, 15MHz, First-In First-Out Memory J 25 

See pages C 3 - C 25 for information on our future products. 
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Product Index (Numerical) 

Numerical Order Catalog Page Number 

MPYOOBH B x 8 Bit Multiplier, 90ns Cycle Time 05 
MPYOOBH-1 B x B Bit Multiplier, 65ns Cycle Time 05 
MPYOBHU 8 x B Bit Multiplier, 90ns Cycle Time o 15 
MPYOBHU-1 8 x B Bit Multiplier, 65ns Cycle Time 015 
MPY012H 12 x 12 Bit Multiplier, 115ns Cycle Time 025 
MPY016H 16 x 16 Bit Multiplier, 145ns Cycle Time 049 
MPY016K 16 x 16 Bit Multiplier, 45ns Cycle Time 063 
MPY016K-1 16 x 16 Bit Multiplier, 40ns Cycle Time 063 
MPY112K 12 x 12 Bit Multiplier, 50ns Cycle Time G 39 

TDC1001 8-Bit AID Converter, 2.5MSPS, Successive Approximation D5 
TDC1002 8- Bit AID Converter, 1.0MSPS, Successive Approximation D5 
TDC1004 64 x 1 Bit Digital Correlator, 10MHz, Analog Output I 5 
TDC1005 64 x 2 Bit Shih Register, 25MHz J 5 
TDC1006 256 x 1 Bit Shih Register, 25MHz J 11 
TDC1007 8 - Bit AID Converter, 20MSPS D 15 
TDC1007E1C 8- Bit Evaluation Board, 20MSPS E 5 
TDC1008 8 x 8 Bit Multiplier-Accumulator, 100ns Cycle Time H5 
TDC1009 12 x 12 Bit Multiplier-Accumulator, 135ns Cycle Time H 17 
TDC1010 16 x 16 Bit Multiplier-Accumulator, 165ns Cycle Time H 29 
TDC1011 8 - Bit Variable Length Shift Register, 18MHz J 17 
TDC1014 6-Bit AID Converter, 25MSPS D 27 
TDC1014E1C 6-Bit Evaluation Board, 25MSPS E 21 
TDC1016-8 8-Bit D/A Converter, 20MSPS F 5 

F 5 .. F 5 
9-Bit D/A Converter, 20MSPS TDC1016-9 

TDC1016-10 10-Bit D/A Converter, 20MSPS 
TDC1018 8-Bit D/A Converter, 125MSPS F 17 
TDC1019 9-Bit AID Converter, 15MSPS D 37 
TDC1019-1 9-Bit AID Converter, 18MSPS D 37 
TDC1019E1C 9-Bit Evaluation Board, 15MSPS E 35 
TDC1021 4- Bit, AID Converter, 25MSPS D 49 
TDC1022 22-Bit Floating Point Arithmetic Unit, 10MHz I 13 
TDC1023 64 x 1 Bit Digital Correlator, 15MHz, Digital Output I 29 
TDC1025 8-Bit AID Converter, 50MSPS D 59 
TDC1025E1C 8 - Bit Evaluation Board, 50MSPS E 49 
TDC1027 7 - Bit AID Converter, 18MSPS D 75 
TDC1028 4 x 4 x 8 Bit Digital Filter IFIRI, 10MHz I 43 
TDC1029 6-Bit AID Converter, 100MSPS D 85 
TDC1029E1C 6 - Bit Evaluation Board, 100MSPS E 61 
TDC1030 64 x 9 Bit First-In First-Out Memory, 15MHz J 25 
TDC1034 4-Bit D/A Converter, 125MSPS F 31 
TDC1043 16 x 16 Bit Multiplier-Accumulator, 100ns Cycle Time H 41 
TDC1044 4-Bit AID Converter, 25MSPS D 97 
TDC1046 6 - Bit AID Converter, 25MSPS D 107 
TDC1047 7 - Bit AID Converter, 20MSPS D 117 
TDC1047E1C 7 - Bit Evaluation Board, 20MSPS E 73 
TDC1048 8-Bit AID Converter, 20MSPS, Low Power D 127 
TDC1048E1C 8 - Bit Evaluation Board, 20MSPS E 83 
TDC1147 7-Bit AID Converter, 15MSPS D 139 

LSI Products Division 
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TMC2009 12 x 12 Bit CMOS Multiplier-Accumulator, 135ns Cycle Time H 53 
TMC2010 16 x 16 Bit CMOS Multiplier-Accumulator, 160ns Cycle Time H 65 
TMC2110 16 x 16 Bit CMOS Multiplier-Accumulator, lOOns Cycle Time H77 
TMC216H 16 x 16 Bit CMOS Multiplier, 145ns Cycle Time G77 

See pages C 3-C 25 for information on our future products. 
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TDC1033 
Advance Information 

Floating Point 
Registered Arithmetic/Logic Unit 
22 - bit (with 16 - bit compatibility model 

The TRW TDC1033 is a monolithic integrated circuit 
arithmetic/logic unit with an on - chip register file. It operates 
on numbers represented in two formats: 16 - bit fixed point 
two's complement and 22 - bit floating point. The 22 - bit 
floating point format has a 16-bit two's complement 
significand and a 6-bit two's complement exponent giving full 
16-bit precision over a 384dB dynamic range. 

In the 16-bit fixed point mode, the TDC1033 is function and 
microcode compatible with an array of four industry standard 
2901- bit slice processors including the 2902 carry -look -ahead 
chip. The 22 -bit floating point arithmetic functions are parallel 
to the fixed - point arithmetic functions providing an easy way 
for the designer to upgrade system performance without 
reprogramming microcode. 

Either saturation or wrap -around treatment of overflow and 
underflow conditions may be selected for floating point 
operation. 

To retain compatibility with the 2901-bit slice processors, 
there is a single data input port and a single data output port; 
these ports are fully TTL compatible. All data inputs and 
outputs are registered. The data outputs are three-state to 
allow use on a bus.The 2901's internal dual- port RAM has 
been retained and widened to 22 bits. Likewise, the internal 
bus paths are 22 bits wide. Twenty-seven pins are used to 
supply instructions, controls and addresses to the TDC1033. It 
operates at up to 6 million operations/second (6MHz clock!. 

Features 

• Microprogrammable !Replaces Four 2901-Bit Slice Unitsl In 
Fixed Point Mode 

• Eases Upgrade Of Systems To Floating Point 

• Full 16-Bit Precision Over Wide Dynamic Range 

• Two's Complement Fixed And Floating Point Operation 

• User-Selectable Saturation Limiting Or Wrap-Around 
Overflow Handling 

• Three - State TTL Outputs 
• Available In 84 Lead Pin Grid Array Or Leadless Chip Carrier 

lSI Prod;Jcts Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

dtt1:l 

Applications 

• Fast Fourier Transformers 

• Digital Filters 
• Geometric Transformations For Image Processing And 

Computer Graphics 

• Array Processors 

• High - Speed Controllers 

• Arithmetic Element Module (With TDC1042 Multiplier! 

Simplified Block Diagram 

OES>--; 

0">---/ 

Instructions 

Floating Point 
R + S 
S - R 
R - S 
Normalize R + S 
Denormalize R 

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

Fixed Point 
R + S 
S - R 
R - S 
R OR A 
RAND S 
A AND S 
R XoR S 
R XNOR S 

Flags 
SIGN 

-FlPD 
FLOAtlNGPOINTleRO 
SfG-O.IXJJ ... OOI1 
EXP ... l001XX1 

Significand Overflow 
ZERO 
Exponent Overflow 
Significand Carry Out 

©TRW Inc. 1985 
40G01200 Rev. B-5/85 
Printed in the U.S.A. 
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TDC1033 

Functional Block Diagram 

ADAJ_o 

ADBJ_o 

12-0 

[S 
ON 
OES 

OEA 

A-ADDRESS 

B-ADDRESS 

OEA 

All 22-BIT DATA PATHS ARE FLOATING POINT DATA 
(l6-BIT SIGNIFICANOJ6-BIT EXPONENn 

C 4 

D021-o 

ClK 
DIV 

DC4_o 

'FlPII= FLOATING POINT ZERD 
SIG = 0.000 ... 000 
EXP = 100 000 

SGN,SOV,EOV,COUT.lERO 

IS 
ClK 

FLAGS 
SGN 
SDV 
EOV 
COUT 
ZERO 

LSI Products Division 
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TDC1033 

Functional Description 

The TOC1033 consists of five functional sections: 

1. The Source Multiplexers For The ALU 
2. The Arithmetic/Logic Unit (ALUI Itself 
3. The Two - Port RAM (Register Filel And RAM Shifter 

Source Multiplexers 

The source multiplexers select which inputs will be applied to 
the ALU Section. The operation of these multiplexers is 
controlled by three microcode instruction bits, 12 -10. 

The R multiplexer is a one - of - three data selector which 
applies to either: 

1. The present data input to the chip 
2. The RAM "A" output (i.e., the word in register file "A" 

selected by the A Address, ADA3 -ADAOI or 
3. A floating point zero 

to the "A" input port of the ALU Section. 

The S multiplexer is a one-of-four data selector which 
applies either: 

1. The RAM "A" output (as defined abovel 
2. The RAM "8" output (i.e., the word in register file "8" 

selected by the 8 Address, AD83 - AD801 
3. The Q register output or 
4. A floating point zero 

to the "8" input port of the ALU Section. 

Arithmetic/Logic Unit 

The ALU receives two numbers, denoted Rand S, from the 
source multiplexers. It then performs one of eight fixed point 
operations, or one of five floating point operations on those 
quantities. The output of the ALU is bused to the RAM shifter, 
the Q register shifter and the output multiplexer. The ALU is 
controlled by eight registered inputs (A3 -AD), Carry In (CINI, 
Round lANDI, Scale (SCAI and Limit (LMTl. 

The ALU consists of four blocks: 

1. The Denormalize Section 
2. The Adder/Logic Section 
3. The Renormalize Section 
4. The Round/Scale/Limit Section 

LSI Products Division 
TRW Electronic Components Group 

4. The Q Register And Shifter 
5. The Output Multiplexer 

The Denormalize and Renormalize sections are enabled in the 
floating point mode and disabled in the fixed point mode. The 
Denormalize Section compares the two operands' exponents 
and shifts the significand of the smaller by the difference 
between the exponents. In floating point mode, the Adder/Logic 
Section operates on the significand of the result. In fixed - point 
mode, the Adder/Logic Section operates on the selected 16 - bit 
operands as directed by the control inputs to the device with 
no denormalization. The Renormalize Section performs the 
necessary shifts to remove redundant sign bits adjusting the 
exponent as required. The flags SGN (Significand SiGN), SOV 
(Significand oVerflowl, EoV (Exponent oVerflowl, ZERO (zero 
significandl and COUT (significand Carry OUTI are generated in 
the Renormalize Section. Note that while the significand flags 
are active in the fixed point mode, the EDV flag will not be 
active in the fixed point mode. In floating point mode only, the 
Round/Scale/Limit Section adjusts the result according to its C 
controls. These controls and their effects are: RND (add a ONE 
to the bit position just below the LSBI, SCA (subtract one from 
the exponent effectively, divide the result by twol and LMT 
(force the output to the maximum representable magnitude on 
overflow and force the output to floating point zero on 
underflow!. 

RAM 

The RAM is a two-port 16-deep by 22-bit wide register file. 
The RAM preprocessor allows one of the following to be 
loaded into RAM: 

1. The input data register contents 
2. The full 22 bits of the current ALU output 
3. Half the value of the significand of the current ALU output 

(sign - extended, but retaining the same exponent) 
4. Twice the value of the significand of the current ALU output 

(with the same exponent) 

Controls DC4 - DCO select which preprocessor function is to be 
performed. Two data words ("A" and "8", selected by the 
appropriate address bits) can be accessed from the RAM 
during one machine cycle. The RAM Write Enable (WE) is 

C 5 



TDC1033 

strobed by the rising edge of the chip master clock except in 
the NOP and Q register write cases. 

There are four instructions which control the loading of the 
RAM: 

1. NOP (No OPerationl 
2. Load F 
3. Load F/2 
4. Load 2F 

(What is loaded into the RAM is the value selected by the 
RAM preprocessor.1 

In the Load F/2 case, a one-bit right shift of the significand is 
performed and the Most Significant Bit (MSBI is loaded from 
one of four sources: 

1. One 
2. Zero 
3. MSB of F (two's complement sign extensionl 
4. LSB of F (for rotationl 

In the Load 2F case, a one -bit leh shift of the significand is 
performed and the Least Significant Bit (LSBI is loaded from 
one of four sources: 

1. One 
2. Zero 
3. MSB of F for 16-bit word rotation 
4. Q shifter significand MSB (used for 32 -bit word shift or 

rotation! 

C 6 

Q Register/Shifter 

The Q register/shifter is a 22-bit register which is reloaded 
each clock cycle with either the previous ALU output value 
(this is used for performing accumulation, division, etc.! or 
variously shifted versions of its own present contents. The 
control signals to this section are DC4 - DCa and the DIVide 
control lDlVI. There are nine Q register functions: 

1. Load current ALU output. Load significand and hold exponent 
if DIV = a 

2. Shift significand right one place and shift a zero into the 
MSB 

3. Shift significand right one place and shift the significand 
LSB of the ALU output into the MSB 

4. Shift significand right one place and sign extend 
5. Shift significand leh one place and shift a zero into the LSB 

of the significand 
6. Shift significand leh one place and force ALU significand 

MSB into the LSB of the significand 
7. Rotate Q register contents leh (MSB into LSBI 
8. Rotate Q register contents right (LSB into MSB! 
9. NOP (no operation -i.e., hold current Q register contents! 

Use of the Q register is especially advantageous in 
double - precision fixed point calculations. Note that the 
exponent field is UNAFFECTED by any Q register shift. 

Output Multiplexer 

The output multiplexer is a one -of-two data selector which 
applies either the ALU output or the RAM "A" output to the 
output register. The selection is internally decoded from control 
signals DC4 -DCa. 

LSI Products Division 
TRW Electronic Components Group 



TDC1042 
Advance Information 

Floating Point Multiplier 
22-bit (with 16-bit fixed point 
compatibility model 

The TRW TDC1042 is a monolithic integrated circuit multiplier 
which operates on numbers represented in a 22 - bit floating 
point format or in a 16-bit fixed point format. The floating 
point format has a 16 - bit two's complement significand and a 
6-bit two's complement exponent giving full 16-bit precision 
over a 384dB dynamic range. Either saturation or wrap - around 
treatment of overflow conditions may be selected. 

Each of the two inputs and the output has its own fully TTL 
compatible port providing high -speed (non - multiplexedl lID. All 
data inputs and outputs are registered as well as the three 
instruction inputs and one of the control inputs. The data 
outputs are three -state to allow use on a bus. 

Two internal registers and a source -selection multiplexer on 
the multiplicand ("B"l input allow efficient implementation of 
complex multiplication. An internal pipeline register can be 
enabled to reach a data throughput rate of 10MHz (guaranteed 
over temperature and supply voltage variations!. The device can 
provide a new product every 100 nanoseconds. The 
non - pipelined "feedthrough" mode permits 6MHz operation 
without the extra stage of pipeline latency. 

Functional Block Diagram 
LMT. RND 

eLK AN. SSEL 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• Microprogrammable 
• Full 16-Bit Precision Over Wide Dynamic Range 
• Two's Complement Fixed Or Floating Point Multiplication 

• Selectable Pipelining 
• User-Selectable Saturation Limiting Or Wrap -Around 

Overflow Handling 

• Fully Parallel 110 Structure 
• Fixed Point Operation Available 
• Three - State TTL Outputs 
• Available In 84 Lead Pin Grid Array Or Leadless Chip Carrier 

Applications 

• Fast Fourier Transformers 
• Digital Filters 
• Companion Multiplier For ALU In Microprogrammed Signal 

Processors 
• Coprocessor To TOC1033 Registered Arithmetic Logic Unit 
• Geometric Transformations For Image Processing And 

Computer Graphics 

ASEL 

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

©TRW Inc. 1985 
40G01201 Rev. B-5185 
Printed in the U.S.A. 
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TDC1042 
Floating Point Data Format 

Input, Output with MSP Selected 

Exponent 

The exponent is represented by bits 016 through On It is a 
two's complement integer with 021 the two's complement sign 
bit. The exponent ranges from -32 to 31. 

20 
Exponent = 021 x 1-25) + ~ On x 2In-16) 

n=16 

Zero 

Zero is represented as follows: 

Significand = 0.000 0000 0000 0000 
Exponent = 100 000 

Significand 

The significand Isometimes referred to as the MANTISSA) is 
represented by bits 015 through DO. It is a fractional two's 
complement number with 16-bit precision: 015 is the two's 
complement sign bit. The significand ranges from 11-2-15) to 
-1. 

14 
Significand = 015 x 1-1) + ~ On x 2In - 15) 

n=o 

C 8 

Output with LSP Selected 

The exponent field is duplicated. The significand field 10 15 -
DO) carries binary weighting from 2- 16 through 2- 31 , 

15 
respectively. Thus, the significand is ~ On x 2In - 31 ) when 

n=o 
the LSP is output. The two LSBs 12-30 and 2- 31 ) are 
zero -filled as required by internal significand shifting. 

Representable Floating Point (FLP) Number Range 

Normalized Floating Point Range: A normalized floating point 
number is one for which the first two bits of the significand 
1015 and 014) are different, that is 015 @ 014 = 1. 

_NEGATIVE 
OVERfLOW .. ,/P///////)///)& all///'/''l'///:;/~i 

_231 _12-33. 2~11 !ERO 2-33 231 -2" 

LSI Products Division 
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TDC1334 
Advance Information 

Digital-To - Analog Converter 
Triple 4- bit, 100MSPS 

The TRW TDC1334 consists of three separate 4-bit D/A 
converters on a single monolithic integrated circuit. The 
TDC1334 has been designed for high -speed operation and is 
compatible with ECl logic families. All data and control inputs 
to the device are registered on the rising edge of the clock 
(CONVI input. 

A single on -chip band - gap voltage source is used as the 
reference for all three D/A converters and a single external 
resistor determines gain of the TDC1334. Video controls, Sync 
and Blank, are included on the TDC1334 for accurately setting 
D/A output levels during synchronization and CRT blanking 
intervals. A brightness enhancement control, Bright, is used for 
emphasizing portions of a CRT display and cursor identification. 

Each of the three D/A converters has two complementary 
current output terminals that can drive 75 Ohm lines. The 
device has been designed to minimize digital feedthrough and 
for optimum printed circuit board layout. Analog and digital 

Pin Assignments 

VEEA 1 rg "-J 28 VEED 
REF+ 2 

CaMP 3 
BLANK 4 

BRIGHT 5 
OUT+B 6 
OUT-B 7 
OUT+R 8 
OUT-R 9 
OUT+G 10 
OUT -G 11 

SYNC 12 
CONV 13 

VCCA 14 

27 D4B (B LSB) 
26 D3B 
25 D2B 
24 D1B (B MSB) 
23 D4R (R LSB) 
22 D3R 
21 D2R 
20 D1R (R MSB) 
19 D4G (G LSB) 
18 D3G 
17 D2G 
16 D1G (G MSB) 
15 VCCD 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

grounds have been kept separate for maximum flexibility in 
system grounding. 

Features 

• Complete, Monolithic, "Graphics Ready" 

• Three Identical 4-Bit D/A Converters 

• Registered Data Inputs 
• Registered Sync, Blank, And Bright Controls 

• On - Board Reference 

• linearity Error less Than 1/8 lSB 

• 100MSPS Operation 
• ECl Compatible Inputs 

• Complementary Current Outputs 

• Single -5.2 Volt Power Supply Required 

• Can Be Operated In TTL Systems 

• Available In A 28 lead Ceramic DIP 

Functional Block Diagram 

BLANK 

BRIGHT---~J 

REF+-------.....-.I 

COMP----------J 

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

©TRW Inc. 1985 
40G02018 Rev. A-l/85 
Printed in the U.S.A. 
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TMC2220/TMC2221 
Advance Information 

CMOS Programmable Digital Output 
Correlators 
4 x 32 Bit, 20M Hz 
1 x 128 Bit, 20MHz 

The TMC2220 is a high -speed digital CMOS correlator divided 
into four separate 1 x 32 bit correlator modules. The four 
module correlation scores are weighted and combined 
according to user programming. Possible configurations include 
a single 4 x 32 bit, 2 x 64 bit, or 1 x 128 and a pair of 
separate 1 x 64, or 2 x 32 correlators. In addition, a 
bit - by - bit masking capability within each module provides 
total word length flexibility. Each 32 - bit module consists of a 
serial reference shift register, a parallel reference holding latch, 
a serial data shift register, a masking latch and a parallel 
counter. 

A decoder controls the four two - input reference multiplexers 
and reference register enables to choose one of eight reference 
loading schemes. For each of the correlator modules, the 
reference word is serially shifted into the B register through 
one of the two multiplexed ports. By clocking the R latch, the 
reference residing in B is parallel-loaded into R. This allows 
the user to preload a new reference word into the B register 
while correlation is being performed between the data and 
present reference. The four A data registers can be loaded 
individually or simultaneously with the use of the independent 
data clock enables. The masking function is defined with the 
LM control; loading a zero into a cell of the latch will mask 
the corresponding correlation bit. When the mask latch is in 
the transparent mode ILM held HIGHI, all 32 correlation bits 
are active. 

During the correlation process, the latched reference and data 
words are continually compared bit - for - bit by exclusive - NOR 
circuits and ANDed with the latched mask function. Each 
exclusive-NOR bit contributes one bit to the parallel counter -
all bits with a zero in the mask latch have no effect. The 
output represents the number of positions which match at any 
one time between the A data register and R reference latch. 
The module correlation score can be selected by the user as 
unipolar 10 to 321 or bipolar 1-16 to + 161 with the TC control. 

A 3 - bit instruction determines the weighting factor for each of 
the correlator modules. The weighted outputs are combined 
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into pairs and are available as two independent correlations, Q 
and I, through the 10 - bit main output port and the 8 - bit 
auxiliary port. A programmable matrix combines the 0 and I 
outputs to obtain three additional functions through the main 
port: 0+1, 0+1/2, and a Max 1101, IIIi + 1/2 MIN 1i01, IIIi 
approximation for the magnitude quantity SORT 112 + 021. To 
simplify interface timing, the programming controls are 
synchronous, and are appropriately delayed to accommodate 
the pipe lining through the weighting and recombining circuitry. 

The TMC2221 combines four 1 x 32 correlator modules in 
series for a fixed single channel configuration. The reduced 
complexity and package size of the TMC2221 are ideal for 
those applications requiring less versatility than the TMC2220. 
By making use of the masking function, any size single channel 
length of up to 128 is possible. 

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 
are similar to those of the TMC2220. The outputs are summed 
with equal weighting, and the result is output through the 
single 8 - bit port. 

Features 

• 20M Hz Correlation Rate 
• Single + 5V Power Supply 
• Low Power CMOS Process Technology 

• Three - State TTL Compatible Outputs 

• Data Bit Masking Capability 
• Two's Complement Or Unsigned Magnitude Correlation Score 

• TMC2220 Provides User Programmable Reference 
Multiplexing, Module Weighting Factors And Recombining 
Circuitry for 256 Different Correlation Modes. 

• Multibit Correlation With TMC2220 Allows for Improved 
Detection Accuracy In Noisy Environments 

• TMC2220 Available In A 64 Lead Ceramic DIP, 68 Contact 
Chip Carrier, Or 68 Leaded Chip Carrier 

• TMC2221 Package Size Reduced With Fixed Single Channel 
Configuration 11 x 1 Through 1 x 1281 

• TMC2221 Available In A 28 Lead Ceramic DIP, 28 Lead 
CERDIP, Or 28 Contact Chip Carrier 

Phone: 16191 457 -1 000 
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TMC2220/TMC2221 

Applications 

• Signal Detection 
• Radar Signature Recognition 

• Secure Communications 

• Robotics 

Module Weighting Factor Programming 

Decoder 
Inputs 

o 0 0 

o 1 

° 0a + Db 

30a + °b 

40a + °b 

°b 

°a 
30a + 20b 

40a + 20b 

50a + 20b 

Internal Channel 
Configuration 

TMC2220 

TMC2221 Functional Block Diagram 

A'N )-------'-+1 

BX 

B, 

C 12 

Ie + Id 

31e + Id 

41e + Id 

Id 

Ie 
31e + 21d 

41e + 21d 

51e + 21d 

• Automatic Testing Equipment 

• Electro - Optical Navigation 

• Pattern And Character Recognition 

Reference Multiplex and Enable Programming 

Module Reference 
Port Selected 

Decoder 
Inputs TMC2220 TMC2221 

RE2 REl REO 1 abe d a 

0 0 0 a a 0 0 a 
0 0 1 a a a x 

0 1 0 a a y X invalid 

0 1 1 00 y y 

1 0 0 x x x x X 

1 0 1 y X X X 

1 1 0 y x y x y 
1 1 1 Y Y Y y 

Note: The LSB of the decoder. REO. is not used all the TMC2221. 

I-----AOUT 

BOUT 
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TMC2220/TMC2221 

TMC2220 Functional Block Diagram 
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TMC2243 
Advance Information 

Systolic FIR Filter Module 
10-bit, 20MHz 

The TRW TMC2243 is a three-stage, lO-bit systolic FIR filter 
module. This device is fully expandable and is specifically 
configured to support video signal processing requirements. The 
TMC2243 comprises three lO-bit multiply and add (MAD) cells, 
each with special "feedthrough registers" which support zero 
c'oefficient taps. These registers are ordinarily in transparent 
mode; enabling them will insert a zero coefficient tap into the 
filter. On each clock cycle, a 2 - bit coefficient write enable 
control allows anyone of the three coefficients to be modified 
using the data at the coefficient input bus. Adaptive filtering is 
facilitated by this programmability. 

The function SUMOUT(n) = SUMIN(n-3) + D(n-4)Kl + 

D(n -3)K2 + D(n - 2)K3 is performed by the device, the basic 
computation of a FIR filter. The data, D(j), and the coefficients, 
K(j), are 10-bit two's complement numbers. The SUMIN and 
SUMOUT buses are 16 bits wide to allow for word growth. 
The 16-bit incoming sum (SUMIN21-6) is sign-extended by 
one bit, yielding a 17 -bit two's complement number. 
Additionally, 1/2 LSB rounding is implemented by appending 
100000, thereby expanding the data to 23 bits. In order to 
minimize rounding and overflow errors, the internal summation 
paths are 23 bits. An overflow flag indicates when two's 
complement overflow beyond the representable number range 
has occurred. 

TMC2243 Functional Block Diagram 

Note: 
1. 'The MSB is duplicated, thereby sign-extending. 
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The TMC2243 is built with TRW's OMICRON-CM l-micron 
CMOS process. The device operates at a clock rate of 20MHz 
(50ns) in order to support video speed applications. 

Features 

• 20M Hz Guaranteed Clock Rate Over Standard Temperature 
Range (00 to 70°C) 

• Systolic Architecture Allows For Expansion 

• Efficient Implementation Of Zero Coefficient Taps 

• Wide Internal Summation Paths For Overflow Protection 

• Programmable Coefficients 

• All Inputs And Outputs Registered 

• Three-State Outputs 

• Available In 64 Lead DIP 

Applications 

• FIR Filters 
• Adaptive Filters 
• One And Two Dimensional Convolution 

• Video Processing 

Phone: 16191 457 -1 000 
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TMC3200 
Advance Information 

Floating Point Arithmetic Unit 
32/34 bits, 125ns 

The TRW TMC3200 is a 32/34-bit floating point arithmetic unit. 
It performs operations on floating point numbers in either IEEE 
standard 32-bit or an extended 34-bit format. and also 
accommodates a 24 - bit two's complement integer (fixed pointl 
format. Full conversion flexibility between the three data 
formats is available. The TMC3200 is built with TRW's 
OMICRON -CM 1-micron CMOS process. With a cycle time of 
125ns, the throughput rate of the TMC3200 is 8Mflops (Million 
floating point operations per second!. 

All data and instructions are registered. The input operands are 
selected from the input bus, floating point zero, and the 
accumulate path. The input operands each enter on 17 - bit 
buses at alternate rising edges of the double -speed chip 
master clock (lBMHzl. The 8-bit instruction register latches 
inputs which control the operand selection, the ALU instruction, 
the data format and the rounding method. Renormalizing, 
rounding, and limiting logic are provided to ensure proper 
handling of special cases and correct output data formatting. 
The result is output as two words on successive chip master 
clock cycles, and it emerges through a 17 - bit three -state 
output port. 

Features 

• 8Mflop Throughput Rate (125ns Pipelined Cycle Timel 

• IEEE Standard 754 Draft 10.0 32 - Bit Or Extended 34 - Bit 
Floating Point Data Format 

• Integer Two's Complement 24-Bit (Fixed Pointl Data Format 

• Full Conversion Between All Data Formats 

• Flexible Data Source Selection 

• Internal Accumulator Feedback Path 

• Selection Of Unbiased Round - To - Nearest And 
Round-Toward-Zero 

• Automatic Limiting For Overflow/Underflow Cases 

• All Inputs And Outputs TTL Compatible 

• Available In 84 Contact Chip Carrier or 88 Pin Grid Array 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Applications 

• Matrix Operations And Geometric Transforms 

• ALU In Microprogrammed Array Processors 

• Graphics And Image Processing 

• Floating Point Digital Filters And FFT s 

• Radar And Sonar Signal Processors 
• Use With 16 - Bit Machines (Arithmetic Processorsl 

TMC3200 Functional Block Diagram 

Phone: 16191 457 -1000 
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TMC3200 

Functional Block Diagram 
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TMC3200 

Functional Description 

The TM C3200 is functionally divided into five sections: the 
input section, the denormalizer, the AlU, the 
round/renormalizellimit section, and the output section. 

Input Section 

The input section accepts the A and B operands, along with 
the 8 - bit instruction word. The instruction is decoded in this 
section, determining the action of the A and B source 
multiplexers, the AlU operation, the rounding mode, and data 
format of the operands. The chip master clock IClKI is divided 
by two, generating the Most Significant Word IMSWI signal, 
which is used internally for lID multiplexing and is also 
available as an output flag. 

The A and B operands each enter on their respective 17 - bit 
input buses. Input preload registers clocked by the 16M Hz chip 
master clock latch in the data on the input buses at the rising 
edge of ClK. Provided the enable controls for the operand 
registers lENA and ENBI are lOW, the data present at the 
preload registers and the data present at the input bus are 
simultaneously loaded into the operand registers at the rising 
edge of internal signal MSW. This means that the preload 
registers need to have the MSW loaded with the rising edge 
of ClK one cycle before the MSW signal goes HIGH, and the 
lSW must be present at the input bus when signal MSW goes 
HIGH. The SYNChronization control ISYNCI aligns the MSW 
signal with the chip master clock. The MSW and lSW of the 
incoming operands must be present at the input bus on 
alternate cycles of ClK. 

The operand registers are loaded with every other cycle of the 
master clock. Note that the preload register is strobed every 
cycle of ClK, though its contents are loaded into the operand 
registers only on alternate cycles of ClK. 

The 8 - bit instruction word is loaded into the instruction 
register at the rising edge of ClK, so it 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 instruction word is divided into four fields: one to 
control the operand source multiplexers IS2 _ 01, one to select 
the data format IM1-01, one to control the arithmetic 
operation performed IOP1-0I, and on.e to control the rounding 
method /ANDI. The A operand can be selected from two 
possible sources: the A input bus or a hardwired floating point 

LSI Products Division 
TRW Electronic Components Group 

zero. The B operand can be selected from three possible 
sources: the B input bus, the accumulator feedback path, or a 
floating point zero. The input and output data formats may be 
selected from 32-bit floating point, 34-bit floating point, or 
24 - bit integer Ifixed pointl. The input and output formats may 
differ. The arithmetic operation performed is selected from 
A+B, A-B, B-A, -A-B, and CONVB Iconvert B to different 
data formatl. The rounding method is either IEEE lunbiasedl 
round -to - nearest, or IEEE round -toward - zero Itruncationl. 

Denormalizer Section 

This section prepares the operands for the AlU by 
denormalizing the operand with the smaller exponent. This 
section also expands the exponent field to 11 bits and the 
significand field to 28 bits. This is done to accommodate the 
calculation of intermediate results to the precision required by 
the IEEE 32-bit and the extended 34-bit data formats. Since 
integers require no denormalization, this section is bypassed 
when integers are input. 

The denormalizer section consists of an exponent comparator, a 
sign processor, zero - detectors, a denormalizing barrel shifter, 
and the subtraction inverter. The denormalizer generates 
floating point numbers with identical exponents lif possiblel 
which can be directly added by the AlU. Input traps identify 
special cases which require separate treatment. 

The exponent comparator detects the special IEEE trap 
conditions of zero 1-512 in the 34-bit formatl and 255 1511 in 
the 34-bit format!, identifies the larger exponent, and 
calculates the absolute difference between the two exponents. 
The magnitude of the difference between the two exponents 
determines the amount of shift performed by the denormalizing 
barrel shifter. 

The denormalizing barrel shifter can right-shift the significand 
of the operand having the smaller exponent as required, up to 
25 places lafter which the significand field becomes zero, with 
the "sticky bit" setl. The amount of right-shift is equal to the 
difference between the exponents, as computed by the 
exponent comparator. Guard, round, and sticky bits are 
generated as specified in the IEEE standard. The MSBs of the 
shifted significand are zero - filled as they are downshifted. A 
no -shift capability handles the cases of equal operand 
exponents and integer operands. 
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TMC3200 

The sign processor and the subtraction inverter handle the 
signs of the operands and support subtraction, respectively. The 
operands entering the ALU are modified as needed to ensure 
that a positive fraction field results; the appropriate sign is 
computed and appended. 

ALU Section 

The outputs of the denormalizer section are the larger 
incoming exponent, various status flags, sign information, and 
the two 28-bit significands. The ALU handles the 28-bit 
significands and the sign information. Input to this section is 
"preconditioned" so that it can perform either "A + B" or 
"A - B." The arithmetic follows the standard IEEE 32-bit, 
extended 34 - bit, or integer rules, as app~opriate. The ALU 
output is a 28 - bit significand field. 

The ALU output, the exponent, the sign information, the Invalid 
OPeration (lOPI flag, and five instruction bits are the inputs to 
the 46 - bit pipeline register. This register may be enabled by 
bringing the FeedThrough IFTI control LOW. When FT = 1, the 
pipeline register is transparent. 

Round/Renormalize/Limit Section 

The TMC3200 supports IEEE standards for "unbiased rounding 
toward nearest" when rounding is enabled lAND is LOW!. 
When RND is HIGH, the TMC3200 truncates the result. The 
rounding adder is directly after the pipeline register and 
operates on the result generated by the ALU. The rounded 
result is the input to the renormalizer. 

The renormalizer is able to shift right one bit, shift left up to 
25 bits, or not shift at all, based on the state of the overflow 
bit and the other bits of the significand. If the overflow bit is 
set, the data is right-shifted to renormalize the number. If the 
overflow bit is not set, the number may be normalized already, 
in which case, no shift is required. In the event the number is 
not already normalized, the significand is left -shifted enough 
places to place a "1" in the Ihiddenl bit position immediately 
below the overflow bit. The direction and number of places 
shifted is noted and this information is used to adjust the 
exponent. The renormalizing shifter also provides the status flag 
"inexact result." The renormalize section also contains an 
exponent adder which modifies the exponent passed to it by 
the denormalizer Ithe larger of the two operand exponents!. 
The exponent is decremented by one for each left shift which 
was required for the renormalization of the significand. In the 
event of a right shift, the exponent is incremented by one, and 
the exponent remains the same in the case of no shift. This 
exponent is examined for overflow or underflow of the output 
data format. There are two cases in which the renormalizer is 
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disabled: when converting floating point to integer and when 
converting from 34- bit to 32 - bit IEEE denormalized format. 

The limiter uses the flags and the value of the exponent in 
order to replace overflowing numbers with a signed infinity or 
full -scale positive or negative integers as appropriate, 
underflowing numbers are replaced with zero. Invalid operations 
linfinity minus infinity or NaN plus any numberl trigger NaN 
output. In cases other than described above, the limiter will 
output the result of the renormalizer unchanged. 

Output Section 

The output section contains the feedback accumulate path 
IU path I, the 42 - bit output register 134 - bit output data, 
8 flags I, the output multiplexer, and the output buffers. 

The U path is a 34-bit feedback path to the input section of 
the TMC3200 which feeds into the B operand multiplexed 
register. This bus carries the output of the limiter section back 
so that a 34-bit representation of the result being clocked into 
the output register is available simultaneously at the input of 
the B operand register, meeting the setup requirements of this 
register. 

The output register is clocked by the MSW signal, which runs 
at half the rate of the system clock. The contents of this 
register will be the 34-bit output from the limit section, along 
with the flags IZERO, DENormalized result, OVerFlow, 
UNderFlow, INEXact result, NAN in A, NAN in B, Invalid 
OPeration!. 

The flags are valid for the duration for which a result is held 
in the output register, except for the NANA and NANB flags. 
These flags are set when their particular input operand is a 
NAN and will remain set until a new legal operand is loaded. 
These flags are based on the operands only; ALU results 
flushed to NANs do not set the NAN flags. The remaining 
flags become valid with their corresponding results and remain 
as long as the associated result is in the output register. Since 
the flags are not three -stated, they are independent of the DE 
control. 

The output multiplexer selects either the most or least 
significant word of the result and presents it at the inputs of 
the output buffers. The output multiplexer is controlled by the 
signal MSW, selecting the most significant word when MSW is 
HIGH, the least significant word when MSW is LOW. The 
output buffers are three -stated. When Output Enable IDEI is 
LOW, the buffers drive the output bus, when DE is HIGH, the 
drivers are in the high - impedance state. 
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TMC3201 
Advance Information 

Floating Point Multiplier 
32/34 bits, 125ns 

The TRW TMC3201 is a 32/34-bit floating point multiplier. It 
multiplies numbers in either IEEE standard 32-bit or extended 
34-bit floating point formats. The TMC3201 is built with 
TRW's OMICRON _C™ 1-micron CMOS process. With a cycle 
time of 125ns, the throughput rate of the TMC3201 is 8Mflops 
(Million floating point operations per secondl. 

The data, controls, and status flags are registered. The input 
operands each enter on 17 - bit buses at alternate rising edges 
of the double -speed chip master clock (16MHzl. The 
instruction register latches in controls for rounding mode and 
data format. Renormalizing, rounding, and limiting logic are 
provided to ensure proper handling of special cases and proper 
formatting of the output data. The result is output as two 
words on successive chip master clock cycles, and it emerges 
through a 17 - bit three -state output port. 

TMC3201 Functional Block Diagram 
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A-BUS 

Features 

• 8Mflop Throughput Rate (125ns Pipelined Cycle Timel 
• IEEE Standard 754 Draft 10.0 32-Bit Or Extended 34-Bit 

Floating Point Data Format 

• Selection Of Unbiased Round - To - Nearest And 
Round - Toward -Zero 

• Automatic Limiting For Overflow/Underflow Cases 
• All Inputs And Outputs TTL Compatible 
• Available In 84 Contact Chip Carrier Or 88 Pin Grid Array 

Applications 

• Matrix Operations And Geometric Transforms 
• ALU In Microprogrammed Array Processors 
• Graphics And Image Processing 
• Floating Point Digital Filters And FFT s 
• Radar And Sonar Signal Processors 
• Use With 16 - Bit Machines (Arithmetic Processorl 

OUT16_0 AOEN.BOEN.NANA.NANB. 
IOP,INEX,OVF,UNF 
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TMC3201 

Functional Block Diagram 
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TMC3201 

Functional Description 

The TMC3201 is functionally divided into four sections: the 
input section, the significand multiplier/exponent adder, the 
renormalizelround/limit section, and the output section. 

Input Section 

The input section accepts the A and 8 operands, along with 
the 2 - bit instruction word. The instruction is decoded in this 
section, determining the rounding mode and data format of the 
operands. The chip master clock IClKI is divided by two, 
generating the Most Significant Word IMSWI signal, which is 
used internally for lID multiplexing and is also available as an 
output flag. 

The A and 8 operands each enter on their respective 17 - bit 
input buses. Input preload registers clocked by the 16MHz chip 
master clock latch in the data on the input buses at the rising 
edge of ClK. Provided the enable controls for the operand 
registers lENA and ENBI are lOW, the data present at the 
preload registers and the data present at the input bus are 
simultaneously loaded into the operand registers at the rising 
edge of internal signal MSW. This means that the preload 
registers need to have the MSW loaded with the rising edge 
of ClK one cycle before the MSW signal goes HIGH, and the 
lSW must be present at the input bus when signal MSW goes 
HIGH. The SYNChronization control ISYNCI aligns the MSW 
signal with the chip master clock. The MSW and lSW of the 
incoming operands must be present at the input bus on 
alternate cycles of ClK. The operand registers are loaded with 
every other cycle of the master clock. Note that the preload 
register is strobed every cycle of ClK, though its contents are 
loaded into the operand registers only on alternate cycles of 
ClK. 

During the input operation, the inputs A and 8 are tested for 
the special cases of infinity, zero, NaNs, and denormalized 
numbers. Internal flags which identify these cases are 
generated. If NaNs are found, NANA or NAN8 flag is set 
immediately; these internal flags are also available as output 
signals. In this event, the product output will be the product 
NaN and the Invalid OPeration nOPI flag will be set. 
Multiplication of zero x infinity also triggers a NaN output and 
sets the lOP flag. The TMC3201 is not able to process 
denormalized operands, and in the event of denormalized 
incoming operands, the appropriate ADEN or 8DEN flags are 
set. The product output in this case will be zero. 

Significand Multiplier/Exponent Adder 

Floating point multiplication involves multiplication of the 
significand fields and addition of the exponent fields. The 
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24 x 24 bit multiplier generates the most significant 26 bits of 
the product, along with a "sticky bit" which is the logical OR 
of the low order 22 bits of the binary product. The 23 bits of 
the input fractional fields are input along with the implicit 
"hidden bit" lassumed to be a "1"1. The 24-bit numbers are 
multiplied, though only the high order 26 bits are output. The 
output of the significand multiplier is a 27 -bit number 
consisting of the overflow bit, the "hidden bit," the 23 bits of 
the fractional output, a guard bit, and a "sticky bit." This 
output is latched by the pipeline register which follows the 
multiplier array. 

The exponents in floating point multiplication are added. The 
A and 8 exponent fields are added, generating an 11-bit 
non biased two's complement product exponent. This result is 
passed to the pipeline registers, and the exponent adjust 
section performs further processing before final output. 

The 27 - bit significand and the 11-bit exponent are the inputs 
to the pipeline register, along with the instructions, the Invalid 
OPeration flag IloPI, and the sign information. This 42-bit 
word is latched into the pipeline register on the rising edge of 
the signal MSW, provided that the FeedThrough control 1FT! is 
lOW. 

RenormalizelRound/Limit Section 

The significand emerging from the pipeline register is tested 
for overflow. The significand field overflow bit is the MS8 of 
the 27 - bit significand, and if it is a "1," an overflow has 
occurred. This is compensated for by a right shift of one bit 
with an associated increment of the exponent by one. After 
the shift lif one was requiredl, the overflow and hidden bits 
are no longer needed, hence they are dropped from the 
significand field. The renormalized significand is passed to the 
rounding adder. 

If the ANTI control is lOW, the TMC3201 will 
round-to-nearest, according to IEEE standard rules. If ANTI is 
HIGH, the TMC3201 will truncate IIEEE round -toward -zero!. 
Note that there is exactly one case where rounding can 
generate an overflowed result. In this case, the product is 
right -shifted and the exponent is incremented by one. The 
rounded product is output as a 23 - bit number, with the 
"hidden bit" now guaranteed to be a "1." 
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TMC3201 

The exponent emerging from the pipeline register is an ll-bit 
doubly biased exponent. The extra IEEE bias of decimal 127 is 
subtracted from the "raw exponent" and any increments 
necessary due to right -shifting of the significand field are 
made. This 12 - bit exponent is checked for values of greater 
than or equal to 255 decimal Ifor IEEE 32-bit formatl or 511 
Ifor extended 34-bit formatl. These conditions signify an 
overflow. Underflow has occurred if the exponent is less than 
or equal to zero IIEEE 32-bitl or -512 (extended 34-bit). The 
ten LSBs of the exponent and the rounded significand enter 
the limit section. 

The limiter forces the significand and exponent fields to clean 
signed infinities, clean zero, or the TMC3201 NaN if 
appropriate. Overflow cases are forced to the signed infinities, 
underflow and zero cases are forced to a clean zero and 
invalid operation cases are forced to the NaN. Additi~nally, the 
two status flags, OVerFlow IDVFI 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 
34-bit data. The output of the limit section goes directly to 
the product register. 

C 24 

Output Section 

The output section contains the 38-bit output register 134-bit 
output data, 4 flagsl, the output multiplexer, and the output 
buf~ers. The output register is clocked by the MSW signal, 
which runs at half the rate of the system clock. The contents 
of this register will be the 34-bit output from the limit 
section, along with the flags. The flags are valid for the 
duration for which a result is held in the output register, 
except for the NANA, NANB, ADEN, and BDEN flags. These 
flags are set when their particular input operand is a NAN or 
denormalized, respectively, and will remain set until a new 
legal operand is loaded. These flags are based on the operands 
only; results flushed to NANs (for example, zero x infinityl do 
not set the NAN flags. The remaining flags become valid with 
their corresponding results and remain as long as the 
associated result is in the output register. Since the flags are 
not three -stated, they are independent of the DE control. 

The output multiplexer selects either the most or least 
significant word of the result and presents it at the inputs of 
t~e output buffers .. The output multiplexer is controlled by the 
signal MSW, selecting the most significant word when MSW is 
HIGH, the least significant word when MSW is LOW. The 
output buffers are three-stated. When Output Enable IDEI is 
LOW, the buffers drive the output bus, when DE is HIGH, the 
drivers are in the high-impedance state. 

LSI Products Division 
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TMC3220 
Advance Information 

Three Port Register File 
16 words x 9 bits, 20M Hz 

The TRW TMC3220 is a 16-word x 9-bit three port register 
file with two independent read ports and one write port. 
Internally, the device comprises two separate cores of 
16-word x 9-bit dual port RAMs. Separate write enables, 
along with a single 4-bit write address allow either or both 
core RAMs to receive a given input data word. On each clock 
cycle, the two 4-bit read addresses can each access any of 
the 16 words of memory. Ordinarily, the two write enables are 
tied together, and the TMC3220 functions as a 16-word x 
9-bit three port RAM. Separating the write enables causes the 
device to function as two independent two port RAMs. 

The TM C3220 is specifically designed to operate with the 
TMC32oo13201 families of floating point devices, providing 
scratch memory and programmable interconnection supporting a 
variety of applications. The TMC3220 is built with TRW's 
OMICRON -CM 1-micron CMOS process and will operate at a 
guaranteed clock rate of 20M Hz. The clock rate of the 
TMC3220 also makes it suitable for video speed applications. 

TMC3220 Functional Block Diagram 
elK 

DATA INPUT BUS .......------'--+-...1'1...1 
Dls-o 

Features 

• Guaranteed 20MHz Clock Rate Over Standard Temperature 
Range 10° to 7DOe) 

• Configured For Use With 32/34 Bit Floating Point Family 

• Two Fully Independent Read Ports 

• Separate Write Enables 
• Easily Cascadable In Word Size And Number of Words 

• Low Power Consumption CMOS Process 

• Three - State Outputs 

• Available In 48 Lead DIP or 44 Contact Chip Carrier 

Applications 

• Cache Memory For High - Speed Processors 

• Graphics And Image Processors 

• High - Speed Program Memory And Controllers 

• Storage For Video Processors 

WRITE ADDRESS 
WAJ_O 

REGISTER FilE A DATA OUTPUT BUS A 
DDAS_O 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

(16 WDRDS x 9 BITS) 

REGISTER FilE B 
(16 WDRDS x 9 BITS) 

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

DATA OUTPUT BUS B 
DOBS_O 

©TRW Inc. 1985 
40G02179 Rev. A-2/85 
Printed in the U.S.A. 
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AID Converters 

LSI Products Division 

TRW LSI's line of monolithic high­
speed analog-to-digital (AID) converters 
consists primarily of devices that 
employ parallel "flash" architecture. 
The exceptions are the TDC 100 1 and 
TDC 1002 successive approximation 
AID converters. The entire line of AID 
converters covers resolutions from four 
to nine bits and conversion rates from 
I to IOOMSPS. All of these devices are 
built with TRW's proven 3D 
(triple-diffused) bipolar technology 
which provides significant advantages 
in performance, size, power, and 
reliability. Many products are now 
available manufactured with TRW's 
new OMICRON-BTM I-micron process. 

RESOLUTION 
(BITSI 

4 

TDC1002 

-

TDC1019 

TDC1001 

TDC1147 

TDC1027 '" 
V 

" I 

TRW LSI Products pioneered the 
development of monolithic high-speed 
AID converters by introducing the 
TDC 1007 in 1977. This device is an 
8-bit 20MSPS AID converter which has 
become an industry standard in video, 
radar, and imaging applications. The 
development of fine lithography 
techniques has yielded faster, more 
accurate, and less expensive AID 
converters. Most of TRW LSI's AID 
converters are available with an 
evaluation board which contains all 
peripheral circuitry necessary for quick 
and convenient operation of the device. 

T 1019 1 D -

TDC1007 TDC1025 

TDC1048 

TDC1047 

TDC1014 
TDC1046 TDC102 

TDC1021 
TDC1044 

" I I 
2.5 15 20 25 30 50 75 100 

CONVERSION RATE (MSPSI 

Figure 1. Resolution vs. Conversion Rate For TRW·LSI AID Converters. 

"Flash" AID Converters 
"Flash" AID converters have three 
major functional sections: the 
comparator array, encoding logic, and 
output data latches. The input voltage 
to the AID is compared with (2N)-1 
separate reference voltage points which 
differ from adjacent points by a voltage 
equivalent to one Least Significant Bit 
(LSB). N is the number of data 
outputs, or the resolution of the AID 
converter in bits. The comparator 
reference voltage points are tapped 
from a reference resistor chain which is 

driven by an external reference voltage 
source. 

The outputs from the (2N)-1 
comparators form a code sometimes 
referred to as a "thermometer" code 
(all comparators referred to voltages 
more positive than the input signal will 
be off, and those referred to voltages 
more negative then the input signal will 
be on). The "thermometer" code from 
the comparator array is then encoded 
into an N-bit binary word. 

TRW Electronic Components Group D3 
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The conversion operation is controlled 
by a single CONVert (clock) signal 
which latches the N-bit results from the 
encoding logic. The output latches of 
the converter hold data valid while the 
conversion is taking place and are 
updated by the CONVert signal. Some 
converters have additional data controls 
which allow data formatting of straight 
binary, inverse binary, two's 
complement, or inverse two's 
complement notation. 

Successive Approximation AID Converters 
Successive approximation AID 
converters have three major functional 
sections: the comparator, D/A 
converter, and successive 
approximation register (SAR). The 

Conversion Power 

comparator compares the unknown 
input voltage to the output of the 
internal DI A. Successive approximation 
is an iterative process during which the 
SAR stores data from the comparator 
and presents new data to the DI A 
converter. At the end of the process, 
the data in the SAR drives the DI A 
converter to a level which is within 1/2 
LSB of the unknown input voltage. At 
this time, the SAR data is the binary 
equivalent of the unknown input 
voltage. 

Once the iterative process has 
terminated, the SAR data is latched in 
an output register and a "BUSY" 
signal will change state indicating that 
new output data is available. 

Resolution Rate 1 Dissipation 
Product Bits (MSPS) (Wans) Package Notes 

TDC1001 2.5 0.7 JB Successive approximation 

TDC1002 1.0 0.7 JB Successive approximation 

TDC1007 20 2.7 Jl, Cl, II 
El, Pl Evaluation boards 

TDC1014 25 1.1 J7, B7 
El, Pl Evaluation boards 

TDC1019 15 4.7 Jl, Cl, L1 ECl compatible 
El Evaluation board 

TDC1019·1 lB 4.7 Jl, Cl, II Speed selected version 

TDC1021 25 0.6 J9 

TDC1025 50 3.9 Cl, II ECl compatible 
El Evaluation board 

TDC1027 18 1.8 J7, B7 

TDC1029 100 2.1 J7, J6 ECl compatible 
El Evaluation board 

TDC1044 25 0.4 J9, N9 

TDC1048 25 O.B JB, B8 

TDC1047 20 1.1 J7, B7, C3 
El Evaluation Board 

TDC1048 20 1.6 J6, C3, B6 
El Evaluation board 

TDC1147 15 1.1 J7, B7, C3 

Note: 1. Guaranteed, Worst Case, T A = DoC to 70°C. 

LSI Products Division 
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TDC1001 (400ns) 
TDC1002 (1J,lsec) 

Successive Approximation 
AID Converters 
8-bit, 2.5MSPS, 1MSPS 
The TRW TDC1001 and TDC1002 analog-to-digital converters 
are high -speed, B - bit successive approximation devices. These 
bipolar, monolithic converters offer 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 TDC1001 and TDC1002 consist of a comparator, reference 
buffer, B - bit D/A converter, successive approximation register, 
output register, and control circuitry. 

Functional Block Diagram 

COMP 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• B-Bit Resolution 
• Binary Output Coding 

• TTL Compatible 
• ± 1/2 LSB Linearity 
• Parallel Output Register 

• 600mW Power Dissipation 
• Available In 1B Lead DIP 

Applications 

• Microprocessor Systems 
• Numerical Control Interface 

• Data Acquisition Systems 

I--+-II~ REGISTER 1---~I--,,4...-I" DO-7 

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

BUSY 

START CONVERT 

CLOCK 

©TRW Inc. 1985 
40G00272 Rev. F-1185 
Printed in the U.S.A. 
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TDC1001/1002 

Functional Block Diagram 

Pin Assignments 

Functional Description 

General Information 

1--'1'--1-" REGISTER I----I--~. 00-7 

Vee 1 18 eLK 
se 2 17 VEE 

(MSB) D7 3 ~==:-I11S VIN 
DS 4 15 AGND 
D5 5 14 eOMP 
D4 6 13 REF 
D3 7 12 BUSY 
D2 8 11 Do (LSB) 
D1 9 10 DGND 

18 Lead DIP - J8 Package 

r---+---I~ BUSY 

START CONVERT 

CLOCK 

The TDC1001 and TDC1002 consist of six functional sections: 
comparator for the analog input, reference buffer, 8-bit D/A 
converter mACI, successive approximation register (SARI, 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. 

LSI Products Division 
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TDC1001/1002 

Power 

The TDC1001 and TDC1002 operate from separate analog and 
digital power supplies. Analog power IVEEI is -5.0VOC and 
digital power IVCCI is +5.0VOC. All power and ground pins 
must be connected. 

Name Function 

VEE Analog Supply Voltage 

VCC Digital Supply Voltage 

AGND Analog Ground 

DGND Digital Ground 

Reference 

The TDC1001 and 1002 accept a nominal input reference 
voltage of - 0.5VOC. The voltage should be supplied by a 
precision voltage reference, as the accuracy of this voltage will 

Name Function 

Reference Voltage Input 

Analog Input 

The analog input range of the device is set by the reference 
voltage. This is nominally -0.5VOC with an absolute tolerance 
of ± 0.1VOC. Since the device is a successive approximation 

Name Function 

Analog Input 

Conversion Timing Description 

The timing sequence of the TOC1001 and 1002 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 aher the edge. 

Name Function 

SC Start Convert Input 

BUSY Busy Flag Output 

CLOCK Convert Clock Input 

LSI Products Division 
TRW Electronic Components Group 

Separate decoupling for each supply is recommended. The 
return for lEE, the current drawn from the VEE supply, is 
AGNO. The return for ICC, the current drawn from the VCC 
supply, is 0GNO. 

Value JB Package 

-5.0VDC Pin 17 

+5.0VDC Pin 1 

O.OVDC Pin 15 

O.OVDC Pin 10 

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. 

Value JB Package 

-0.5VDC Pin 13 

type AID converter, a sample-and-hold circuit may be 
required in some applications. 

Value JB Package 

o to -0.5V Pin 16 

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

Value JB Package 

TIl Pin 2 

TIL Pin 12 

TIl Pin 18 

D7 
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Data Outputs 

The outputs of the TDC1001 and 1002 are TTL compatible and 
capable of driving four low-power Schottky TTL (54174 LSI 
unit loads or the equivalent. The outputs hold the previous 

Name Function 

°7 MSB Output 

°6 
°5 
°4 
°3 
°2 
°1 
00 lSB Output 

Compensation Pin 

The COMPensation pin (COMPI, is provided for external 
compensation of the internal reference amplifier. 

Name Description 

COMP Compensation Pin 

Output Coding 

An analog input voltage of O.OV will produce a digital output 
code of all zeros; an analog input voltage of - O.50V will 
produce a digital output code of all ones. 

D 8 

--~ ... .. ,.,., 
data a minimum time (tol after the rising edge of Start 
Convert (SCI. 

Value J8 Package 

TIL Pin 3 
TIL Pin 4 
TIL Pin 5 
TIL Pin 6 
TIL Pin 7 
TIL Pin B 
TIL Pin 9 
TIL Pin 11 

The compensation capacitor must be connected between this 
pin and VEE. A tantalum capacitor greater than lOJ,lF is 
recommended for proper operation. 

Value J8 Package 

>10J,l F Pin 14 

LSI Products Division 
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TDC1001/1002 

Figure 1. Timing Diagram 

CLOCK I 
PERIOO- 0 I 

INPUT 
CLOCK 

START "f='" CONVERT 
________________________ ~f\~ __ __ 

SIGNAL 
ANALOG ) INPUT 

I I INPUT 

~---------I-NP-U-T-SIG-N-AL-S-TA-B-LE-----------------~ 

~tD 
DATA 

07-1 OUTPUT 

LSB DATA 
DO OUTPUT 

BUSY I~F 
OUTPUT 

Figure 2. Simplified Analog Input Equivalent Circuit 

250Q 

Figure 3. Digital Input Equivalont Circuit 

Vee 

11.5K 

INPUT ~--

LSI Products Division 
TRW Electronic Components Group 

DATA VALID (PREVIOUS CONVERSION) 

LSB DATA VALID (PREVIOUS CONVERSION) 

Figure 4. Output Circuits 

---e-oOVee 

OUTPUT 

TO 
OUTPUT 

NEW DATA 
VALID 

NEW DATA 
VALID 

+Vee 

B10Q 

PIN o---t~""-" 

1N3062 

TEST LOAO FOR DELAY 
MEASUREMENTS 
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TDC1001/1002 

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

Supply Voltage 

VCC (measured to 0GNO)····· .. · .. ·········.· .... ··············· ....... ········ ........................................................................................................................................... 0 to +6.0V 
VEE (measured to AGND)· .. ·· ............... ······ .. ·· ..................................................................................................................................................................... 0 to - B.OV 

AGNO (measured to 0GNO)········· ....... ·················.·········.······ .................................................................................................................................... -0.5 to + 0.5V 

Input Voltages 

CLK, SC (measured to 0GNO) .................................................................................................................................................................................... -0.5 to +5.5V 

VIN, VREF (measured to AGNO)················································· ............................................................................................................................... +0.5V to VEEV 

Output 

Applied vo~age (measured to 0GNO) ..................................................................................................................................................................... -0.5 to +5.5V2 
Applied current, externally forced ...................................................................................................................................................................... -1.0 to +6.0ma 3,4 

Short circuit duration (single output in high state to 0GNO) ............................................................................................................................................... 1 sec 

Temperature 
Operating, case ............................................................................................................................................................................................................ -60 to + 140°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 Min Nom Max Min Nom Max Units 

VCC 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 0GNO) -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 

Vll Input Voltage, logic LOW 0.8 0.8 V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

1m Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -400 -400 J.lA 

VREF Reference Vo~age -0.4 -0.5 -0.6 -0.4 -0.5 -0.6 V 

VIN Analog Input Vo~age 0.0 -0.6 0.0 -0.6 V 

TA Ambient Temperature, Still Air 0 +70 °c 

TC Case Temperature -20 +85 °c 

LSI Products Division 
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TDC1001/1002 

Electrical characteristics within specified operating conditions 

Tempereture Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

ICC Pos~ive Supply Current VCC - MAX, Static 1 40 40 mA 

lEE Negative Supply Current VEE - MAX, TC - -20°C to +85°C -80 -80 mA 

IBIAS Analog Input Bias Current 10 10 J-lA 

IREF Reference Current VREF - NOM 2.5 2.5 J-lA 

RREF Total Reference Resistance 200 200 kOhms 

RIN Analog Input Equivalent Resistance VREF - NOM 50 50 kOhms 

CIN Analog Input Capacitance 10 10 pF 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.5V -1.0 -1.0 mA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 75 75 J-lA 

VOL Output Voltage, Logic LOW VCC - MIN, 10L - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 V 

lOS 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 VCC' VEE - MIN TDC100l 22.5 22.5 MHz 

TDC1002 9.0 9.0 MHz 

tc Conversion Time Vee. VEE - MIN TDC1001 400 400 ns 
TDC1002 1000 1000 ns 

to Digital Output Delay VCC' VEE - MIN 50 50 ns 

System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extended 
Parameter Test Conditions Min Max Min Max Units 

ELI linearity Error Integral, Independent VCC' VEE - NOM 0.2 0.2 % 

ELD linearity Error Differential 0.2 0.2 % 

TCG Gain Temperature Coefficient VCC' VEE - NOM + 10 +10 ppmloC 

EO Offset Voltage ±7 ±7 mV 

TCO Offset Temperature Coefficient Vee. VEE - NOM -10 -10 J-lVloC 

EG Gain Error 1.5 2.0 % 

TCIB IBIAS Temperature Coefficient Vee. VEE = NOM -1.0 -1.0 %IOC 

LSI Products Division 
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Application 

The TDC1001 and TDC1002 are high -speed, TTL compatible, 
SAR type AID converters. 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 for this device 
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. (Wirewrap is 
not recommended for these signals!. 

D 12 

• 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 
integrity of this signal. 

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

• Ceramic high frequency bypass capacitors (0.001 to 0.01I1F) 
should be used at the input pins of VCC, VEE, and REF. All 
pins should be bypassed to AGND except VCC. 

• A tantalum capacitor of greater than lOI1F should be 
connected from COMP (pin 14) to VEE. 

LSI Products Division 
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Figure 5. Typical Interface Circuit 
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05 

04 
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Rl + ~ ~ R3 
C5 ~C4 R2 

R4 
~ C6 +0 C3 

·Full Scale Adjustment 
-5VDC 

Parts list ImI 
Resistors 

I 

Rl 909 Ohms 1% l/BW 
R2 100 Ohms Multi-Turn Cermet Pot 
R3 1.33 kOhms 1% l/BW 
R4 2.49 kOhms 1% l/BW 

Capacitors 

Cl, C3, C5 10.0 IJ.F 25V 
C2, C4 0.001 IJ.F 50V 
C6 0.005 IJ.F 50V 

Integrated Circuits 

Ul TOC1001J8 TRW 8-bit AID Converter 
U2 74LS161 TTL 4- bit Counter 
U3 74LS04 TTL Hex Inverter 
D1 LMl13-1.22 1.22V Bandgap Voltage Reference 

LSI Products Division 
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Ordering Information 

Product Temperature Range Screening Package Peckage 
Number Marking 

TDC1DD1J8C STD-T A • DOC to 7DoC Commercial 18 Lead DIP 1DD1J8C 
TDC1001J8G STD-TA • DOC to 7DoC Commercial With Burn-In 18 Lead DIP 1DD1JBG 
TDC1DD1J8R EXT-TC· -2DoC to 85°C Commercial 18 Lead DIP 1DD1J8R 
TDC1DD1J8T EXT - TC • -2DoC to 85°C High Reliability 1 18 Lead DIP 1DD1JBT 
TDC1D01J8H EXT - TC • -2DoC to 85°C Commercial With Burn-In 18 Lead DIP 1D01J8H 

TDC1DD2J8C STD-T A • DOC to 7DoC Commercial 18 Lead DIP 1DD2J8C 
TDC1DD2J8G STD-TA· DOC to 7DoC Commercial With Burn-In 18 Lead DIP 1DD2J8G 
TDC1DD2J8R EXT-TC· -2DoC to 85°C Commercial 18 Lead DIP 1DD2J8R 
TDC1DD2J8T EXT - TC • -2DoC to 85°C High Reliability 1 18 Lead DIP 1DD2J8T 
TDC1D02J8H EXT - T C - -20°C to 85°C Commercial With Burn-In 18 Lead DIP 1D02JBH 

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. 

Note: 
1. Per TRW document 70Z01757. 

LSI Products Division 
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TDC1007 

Monolithic Video AID Converter 
8-bit, 20MSPS 

The TOC1007 is an 8 - bit fully parallel (fIashl analog -to - digital 
converter, capable of digitizing an input signal at rates up to 
20MSPS IMegaSamples 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 ICONVI 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 
NMINV 
NliNV 
CONY 
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P.O. Box 2472 
La Jolla, CA 92038 
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Features 

• 8 - Bit Resolution 

• Conversion Rates Up to 20MSPS 

• Sample - And - Hold Amplifier Not Required 

• Bipolar Monolithic Construction 

• TTL Compatible Inputs and Outputs 

• Binary or Two's Complement Mode 

• Differential Phase = 1.0 Degrees 

• Differential Gain = 1.7% 
• Evaluation Boards Available: TDC1007E1C or TDC1007P1C 

Applications 

• Video Systems 3x or 4x Subcarrier, NTSC or PAL 

• Radar Systems 
• High-Speed Multiplexed Data Acquisition 

• Digital Signal Processing 

~ 

0, ~fY---. , 
255 TO 8 
ENCODER 

02-8 ~r>-
7 

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

--

--

LATCH Fp 

-

©TRW Inc. 1985 
40G00276 Rev. 0-1185 
Printed in the U.S.A. 



TDC1007 

Functional Block Diagram 

Pin Assignments 

D 16 

NMINV>---------------------, 
NLlNV>------------------...., 
CONV>-----------....---....... -----t---t---------, 

VIN ~--;:::==;-____;~---h 
RT>--+---' 

• • 
• • 
• • 

0, 

RI2 255 TO 8 
0,_8 ENCODER 

RM 
RMID 

RI2 

• 02-8 • • • • • 

R2 

Re 
DIFFERENTIAL 
COMPARTORS 
(2551 

NC 1 64 NC 
NC 2 63 NC 
NC 3 62 NC 
NC 4 61 NC 
NC 5 60 NC 
NC 6 59 NC 
NC 7 58 NC 
NC 8 57 NC 
NC 9 56 NC 
NC 10 55 NC 
Rr 11 54 NC 
NC 12 53 NC 

VIN 13 52 NC 
AGND 14 51 NC 

VIN 15 50 VEE 
VIN 18 49 VEE 
RM 17 48 VEE 
VIN 18 47 VEE 

AGND 19 48 NC 
VIN 20 45 NC 
NC 21 44 NC 
RB 22 43 VCC 
NC 23 42 DGND 
NC 24 41 NMINV 
NC 25 40 D1/MSBI 
NC 26 39 D2 
NC 27 38 D3 

VCC 28 37 D4 
DGND 29 38 NLINV 
CDNV 30 35 DS 

NC 31 34 D8 
ILSBIDS 32 33 D7 

64 Lead DIP - Jl Package 

LSI Products Division 
TRW Electronic Components Group 



TDC1007 

Pin Assignments 
c c 

£~~~~~~~~1~~~~~~~ 
sm~~~~~~~~~~~~~~: 

,/ -- ----~ "-
NC 61 ( 43 NC 
NC 6D 42 NC 
NC 63 ? 41 VCC 
NC 64 40 °GNO 
NC 65 I 39 CONY 
NC 68) 38 08 (LSB) 
NC 67 37 07 
NC 68

1 
36 06 

NC II 35 05 
NC 2 34 NLiNV 
NC 3 ) 33 04 
NC 4 ( 32 03 
NC 5 ( 31 02 
NC 6 ( 30 01 (MSB) 
NC lv ( 29 NMINV 
NC ( 28 NC 
NC ( 27 NC 

/ 

~ ~ ~ ~ ~~ ~ ~ ~~~ ~~ Ji~ ~~ 
CI 

58 Contact Or Leaded Chip Carrier - Cl, L 1 Package 

Functional Description 

General Information 

The TOC1007 has three major functional sections: a comparator 
array, encoding logic, and output data latches. The input 
voltage is compared with 255 separate reference voltage points 
tapped from the reference resistor chain. The 255 comparator 
outputs form a 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 

Power 

The TOC1007 operates from two supply voltages, +5.0V and 
-6.0V. The return for ICC, the current drawn from the +5.0V 
supply, is 0GND. The return path for lEE, the current drawn 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

LSI Products Division 
TRW Electronic Components Group 

those referred to voltages more negative than the input signal 
will be onl. The "thermometer" code from the comparator 
array is encoded into an eight - bit binary word by the 
encoding logic section. Each of these eight results is sent 
through an exclusive-OR gate where they are inverted by use 
of the NMINV or NLiNV inputs. This allows operation in binary, 
two's complement, or inverted data formats. 

from the -6.0V supply, is AGND. All power and ground pins 
must be connected. 

Value Cl. L1 Package Jl Package 

+5.0V Pins 23, 41 Pins 28, 43 

-S.OV Pins 14, lB, 19, 21 Pins 47, 48, 49, 50 

O.OV Pins 25, 40 Pins 29, 42 

O.OV Pins 48, 55 Pins 14, 19 

D 17 
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TDC1007 

Reference 

The TDC1007 converts analog signals in the range 
VAS ~ VIN ~ VAT into digital form. VAT (the voltage applied 
to the pin at the top of the reference resistor chainl, and VAS 
(the voltage applied to the pin at the bottom of the reference 
resistor chainl should be between +O.lV and -2.1V, with the 
difference between them less than 2.1V. VRT should be more 
positive than VAS within that range. In order to insure 
optimum operation of the TDC1007, these points should be 
driven by low - impedance sources capable of providing the 

Name Function 

RT Reference Resistor (Top) 

RM Reference Resistor (Middle) 

RS Reference Resistor (Bottom) 

Control 

Two control inputs are provided on the TDC1007 for changing 
the format of the output data. When NMINV is tied to a logic 
"0", the most significant bit of the output data is inverted; 
when NLiNV is tied to a logic "0", the seven least significant 
bits of the output are inverted. Sy using these controls, the 

Name Function 

NMINV Not Most Significant Bit INVert 

NLiNV Not least Significant Bit INVert 

Convert 

The analog input to the TDC1007 is sampled (comparators are 
latched I approximately 10ns after the rising edge of the CONV 
Signal. This time delay is the sampling time offset (tSTOI and 
varies only by a few nanoseconds from device to device and 
as a function of temperature. The short-term uncertainty 
(jitterl in sampling time offset is approximately 30 picoseconds. 

Name Function 

CONV Convert 

D 18 

necessary reference resistor chain current. The voltages on AT 
and AS may be varied dynamically up to 7MHz. Due to 
variations in reference current with clock and input signals, AT 
and AS 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 varied dynamically (as in an AGC applicationl a 
low - impedance reference source is required. 

Value C1, L1 Package J1 Package 

O.OV Pin 60 Pin 11 

-1.0V Pin 51 Pin 17 

-2.0V Pin 44 Pin 22 

output data format can be binary, inverted binary, two's 
complement, or inverted two's complement. Output data versus 
input voltage and control input state is illustrated in the Output 
Coding table. 

Value C1, L1 Package J1 Package 

TIL Pin 29 Pin 41 

TIL Pin 34 Pin 36 

The output data is encoded from the 255 comparators on the 
falling edge of the CONV signal. The coded result is transferred 
to the output latches on the next rising edge of the CONV 
signal. Note that there are minimum pulse width (tpWH, tpWLI 
requirements on the waveshape of the CONV signal. 

Value C1, L1 Package J1 Package 

TIL Pin 39 Pin 30 

LSI Products Division 
TRW Electronic Components Group 



TDC1007 

Analog Input 

The input impedance of the mCl007 varies with input signal 
level. As the signal varies, the comparator input transistors 
change from active to cut-off, causing the net input resistance 
and capacitance to change. To prevent this action from 
degrading the integrity or accuracy of the output data, it is 
desirable to drive the mClO07 inputs from a low-impedance 
source (less than 25 Ohms!. The input signal level should 
remain within the range of VEE to + 0.5V in order to prevent 
damage to the device. When the input is at a level between 
VRT and VRB reference voltages, the output data value will be 
directly proportional to the amplitude of the analog input 

Name Function 

Analog Input Signal 

Outputs 

The outputs of the TDClO07 are TIL compatible and capable 
of driving four low-power Schottky unit loads 154/74 LSI. The 
outputs hold the previous data a minimum time ItHO) aher the 

Name Function 

01 MSB Output 

02 
03 
04 
05 
06 
07 
Os lSB Output 

No Connects 

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

Name Function Value 

NC No Connect Open 

LSI Products Division 
TRW Electronic Components Group 

signal. When the analog input is beyond the range of the 
reference Voltage, the output data will be the appropriate 
full -scale value. Note that there are two components to the 
input bias current flowing into the VIN pins. One component is 
constant for constant input voltage and is the sum of the bias 
currents of the subset of comparators that are active IICB!. 
The other component is related to the action of the CONV 
signal on the comparator chain IISB). All analog input pins of 
the mC1007 must be used in order to insure operation over 
the full input range. 

el, L1 Package Jl Package 

Pins 46, 50, 52, 54, 58 Pins 13, 15, 16, 18, 20 

rising edge of the CONV signal, and the new data becomes 
valid aher a maximum time of to. For optimum performance, 
2.2 kOhm pull - up resistors are recommended. 
Value Cl I L1 Package Jl Package 

TTL Pin 3D Pin 40 

TTL Pin 31 Pin 39 
TTl Pin 32 Pin 38 
TTL Pin 33 Pin 37 

TTL Pin 35 Pin 35 
TTL Pin 36 Pin 34 

TTL Pin 37 Pin 33 

TTL Pin 3S Pin 32 

Cl I L1 Package Jl Package 

Pins 1-13, 15-17,20,22,24, Pins 1-10, 12, 24-27, 
26-2B, 42, 43, 45, 47, 49, 53, 31, 44-46, 51-64 
56, 57, 59, 61, 62-68 

D 19 
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Figure 1. Timing Diagram 

Ir=~ '1- tPWH~tPWLI I 

CONyJ,1 SAMPLE \ 1 ~A~~LE } 1-~-A~-~L-E -\'-----11
1 

ANALOG INPUT N ___ --__ -

Figure 2. Simplified Analog Input Equivalent Circuit 

I 
REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Digital Input Equivalent Circuit 

VCC 0----.------.---
5K 

INPUT 0----' 

D 20 

1-oF-255 
COMPARATORS 

~-------

I 

VIN 0-.... ---._------4 .... ---.. 

ICD 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRO IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Ro 

Figure 4. Output Circuits 
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TDC1007 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltages 

VCC (measured to 0GNO! .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGNO! ........................................................................................................................................................................................... +0.5 to -7.0V 

AGNO (measured to 0GNO! ...................................................................................................................................................................................... -1.0 to + 1.0V 

Input Voltages 

CONV, NMINV, NliNV (measured to 0GNO! ......................................................................................................................................................... -0.5 to +5.5V 
VIN, VRT, VRB (measured to AGNO! ........................................................................................................................................................................ +0.5 to VEEV 
VRT (measured to VRB! ............................................................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage (measured to 0GNO! ................................................................................................................................................................... -0.5 to +5.5V2 
Applied current, externally forced .................................................................................................................................................................... -1.0 to + 6.0mA 3,4 
Short circuit duration (single output in high state to ground! ............................................................................................................................................ 1 sec 

Temperatura 

Operating, ambient .................................................................................................................................................................................................... -60 to + 140cC 
junction .................................................................................................................................................................................................................... + 175cC 

Lead, soldering (10 seconds! .................................................................................................................................................................................................. +300cC 
Storage ........................................................................................................................................................ ~.............................................................. - 65 to + 150cC 

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 HI 

Parameter Min Nom Max Min Nom Max Units I 

VCC Positive Supply Voltage (Measured to 0GNO! 4.75 5.0 5.25 4.5 5.0 5.5 V 

VEE Negative Supply Voltage (Measured to AGNO! -5.75 -6.0 -6.25 -5.75 -6.0 -6.25 V 

VAGNO Analog Ground Voltage (Measured to 0GNO! -0.1 0.0 0.1 -0.1 0.0 0.1 V 

tpWL CONV Pulse Width, LOW 25 25 ns 

tpWH CONV Pulse Width, HIGH 15 15 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 fJA 

VRT Most Positive Reference Input 1 -1.1 0.0 0.1 -1.1 0.0 0.1 V 

VRB Most Negative Reference Input I -0.9 -2.0 -2.1 -0.9 -2.0 -2.1 V 

VRr-VRB Voltage Reference Differential 1.0 2.0 2.2 1.0 2.0 2.2 V 

VIN Input Voltage VRT VRB VRT VRB V 

TA Ambient Temperature, Still Air 0 70 cC 

TC Case Temperature -55 125 cC 

Note: 
1. VRT must be more positive than VRS. and voltage reference differential must be within specified range. 

LSI Products Division 
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TDC1007 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Positive Supply Current VCC - MAX, Static 1 30 35 mA 

lEE Negative Supply Current VEE - MAX, Static 1 

T A - O°C to 70°C -400 mA 

TA - 70°C -350 mA 

TC - -55°C to 125°C -470 mA 

TC - 125°C -320 mA 

IREF Reference Current VRT' VRB - NOM 35 40 mA 

RREF Total Reference Resistance 57 50 Ohms 

RIN Input Equivalent Resistance VRT, VRB - NOM, VIN - VRB 5 5 kOhms 

CIN Input Capacitance 250 250 pF 

ICB Input Constant Bias Current VEE - MAX 400 500 f.lA 

ISB Input Clock Synchronous Bias 200 200 f.lA 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.5V -2.0 -2.0 mA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 75 75 f.lA 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 mA 

VOL Output Voltage, Logic LOW VCC - MIN, IOL - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH 2.4 2.4 V 

lOS Short Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -25 -25 mA 

one second duration. 

CI Oigital 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 VCC - MIN, VEE - MIN 20 20 MSPS 

tSTO Sampling TIme Offset VCC - MIN, VEE - MIN 0 10 0 10 ns 

to Output Delay TIme VCC - MIN, VEE - MIN, Load 1 40 45 ns 

tHO Output Hold Time VCC - MIN, VEE - MIN, Load 1 10 10 ns 

LSI Products Division 
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TDC1007 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ELI Linearity Error Integral. Independent VRT. VRS - NOM 0.3 0.3 % 

ELO linearity Error Differential VRT. VRB 0.3 0.3 % 

Q Code Size VRT. VRB - NOM 15 185 15 185 % Nominal 

EDT Offset Error Top VIN - VRT 35 45 mV 

EOB Offset Error Bottom VIN - VRB -22 -24 mV 

TCO Offset Error Temperature Coefficient ±50 ±50 I·MoC 

BW Bandwidth. Full Power Input 7 5 MHz 

tTA Transient Response. Full Scale 20 20 ns 

SNR Signal- to - Noise Ratio 10MHz Bandwidth 

20MSPS Conversion Rate 

Peak SignaliRMS Noise 1.248MHz Input 53 52 dB 

2.438MHz Input 50 49 dB 

RMS SignaliRMS Noise 1.248MHz Input 44 43 dB 

2.438MHz Input 41 40 dB 

NPR Noise Power Ratio DC to 8M Hz White Noise Bandwidth 36.5 36.5 dB 

4 Sigma loading 

1.248MHz Slot 

20MSPS Conversion Rate 

EAP Aperture Error 60 60 ps 

DP Differential Phase NTSC @ 4x Color Subcarrier 1.0 1.0 Degree 

DG Differential Gain NTSC @ 4x Color Subcarrier 1.7 1.1 % mil 
I 

LSI Products Division 
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Output Coding /Input range from 0.000 to - 2.000VI 

Binary 
Input Voltage True 
(-7.84 mV/Step) NMINV - 1 

NLiNV - 1 

0.000 00000000 

• • 
• · -0.0078 00000001 

• • 
• · • · • · -0.9960 01111111 

- 1.0039 10000000 

• • 
• · • · • · - 1.9921 11111110 

· · · · -2.000 11111111 

Calibration 

To calibrate the TDC1007, the top of the reference resistor 
chain, RT, is connected to analog ground. The reference 
voltage is then set up by adjusting the bottom of the resistor 
chain to - 2.0V. When this technique is used, offset errors are 
generated by the inherent parasitic resistance between the 
package pin and the actual resistor chain on the AID. These 
parasitic resistors are shown as Rl and R2 in the Functional 
Block Diagram. The offset voltage error is the result of the 
resistor chain current flowing through the parasitic resistance. 
These errors can be compensated for by applying an equal 
offset to the analog input signal or by adjusting the voltages 
on RT and RB. 

The effect of the offset error at the bottom of the resistor 
chain manifests itself in the form of a slight gain error which 
can be compensated for by varying the voltage applied to RB. 
This voltage will necessarily be more negative than the desired 
reference level of - 2.0V. The actual operating range of the 
AID converter will be: 

(VAGND - (I REF x Rlll to (VRB + /lREF x R2L 

D 24 

Offset Two's Complement 
Inverted True Inverted 

0 0 1 
0 1 0 

11111111 10000000 01111111 

· · • 
· • • 

11111110 10000001 0111 1110 

• • • 
• · • 
· • · · • · 10000000 1111 111 1 00000000 

01111111 00000000 11111111 

· · • 
• · · · • · · · · 00000001 0111 1110 10000001 

· · · · · · 00000000 01111111 10000000 

However, if both ends of the resistor chain are driven by 
transistor - buffered operational amplifiers, the voltages on RT 
and RB could then be adjusted to remove the effect of the 
parasitic resistances and therefore eliminate the need to apply 
a compensating offset voltage to the analog input signal. Here 
the operating range of the AID will be: 

(VRT-(IREF x Rl11 to (VRB + (I REF x R21L 

Since both VRT and VRB are adjustable, the offset voltage 
error effect can be cancelled and the AID operated with gain 
and offset errors removed. 

The TDC1007 provides access to the mid-point of the 
reference resistor chain, RM. This point can be sensed by 
external circuitry for temperature compensation or gain tracking 
functions in the system. It can also be driven in the manner 
shown in Figure 6 for fine linearity correction. 

LSI Products Division 
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Typical Application 

Figure 5 shows a typical interface circuit for a TDC1007, an 
input buffer amplifier, and the reference voltage source. The 
reference voltage is supplied by an inverting amplifier that has 
been buffered with a PNP transistor. The transistor sinks the 
current flowing through the reference resistor chain and keeps 
the driving impedance at the bottom end of the resistor chain 
low. The gain of the overall circuit is adjusted by varying the 
input voltage to the operational amplifier. 

Figure 5. Typical Interface Circuit 

The input amplifier is a bipolar wideband operational amplifier 
followed by an N PN transistor buffer. The transistor drives the 
input capacitance of the AID converter and keeps the overall 
circuit frequency stable. The offset error is compensated by 
varying the current into the summing junction of the op-amp. 
Note that all five VIN points are connected together and the 
buffer amplifier feedback loop is closed at that point. The 
buffer amplifier has a gain of two, raising the 1V p-p video 
input signal to 2V p - p at the input to the AID converter. The 
AID converter operates with a 2V full -scale. 
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Figure 6. Method For Driving Mid - Point Of Resistor Chain 
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Parts List 

Resistors Capacitors Integrated Circuits 

Al t 1I4W Cl O.l.u F 50V Ul TDC1007Jl 
A2 t 1I4W C2 50V U2 Plessey SL541 C 
A3 lK 114W 5% C3 O.l.u F 50V U3 p.A741 
A4 4.3K 114W 5% C4 O.l.u F 50V U4 MCl403 
A5 10 114W 5% C5 O.1,uF 50V 
A6 56 112W 5% C6 1.~F 15V 
A7 240 2W 5% C7 O.l.u F 50V 

Diodes A8 6.8 112W 5% CB O.l.u F 50V 
R9 2K 112W 5% C9 O.l.u F 50V CAl lN4001 
Al0 114W 5% C10 O.l.u F 50V 
All 2K 1I4W 10-turn 
A12 2K 114W lO-turn 
A13 1.3K 114W 5% Transistors 
A14 2.2K 114W 5% 
A15 680 114W 5% Q1 2N5B36 
A16 2.2K SIP 5% Q2 2N2907 

t Indicates input terminatorldivider 

• Indicates amplifier compensation 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1007C1F EXT - T C - - 55°C to 125°C Commercial 68 Contact Chip Carrier 1007C1F3 
TDC1007C1A EXT - TC - -55°C to 125°C High Reliability 1 68 Contact Chip Carrier 1007C1A3 

TDC1007J1C STD- TA - DoC to 70°C Commercial 64 Lead DIP 1007J1C3 

TDC1007J1G STD- TA - DoC to 70°C Commercial With Burn-In 64 Lead DIP 1007J1G3 

TDC1007L1F EXT - T C - -55°C to 125°C Commercial 68 Leaded Chip Carrier 100711F3 
TDC1007L1A EXT - T C - -55°C to 125°C High Aeliability 1 68 Leaded Chip Carrier 1007L1A3 

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. 

Note: 
1. Per TRW document 70Z01757. 
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Monolithic Video AID Converter 
6-Bit, 25MSPS 

The TRW TOC1014 is a 25 MegaSample Per Second IMSPSI 
full- parallel Washl analog -to -digital converter, capable of 
converting an analog signal with full- power frequency 
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. 

The TOC1014 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 
NLiNV 
CONY 

VIN 
RT 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• 6 - Bit Resolution 
• 1/4 LSB Linearity 
• Sample-And-Hold Circuit Not Required 

• TTL Compatible 
• 25MSPS Conversion Rate 
• Selectable Output Format 
• Available In 24 Lead DIP Or CERDIP 

• Evaluation Boards - TOC1014E1C, TDC1014P1C 

Applications 

• Low-Cost Video Digitizing 

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

• • • 

Phone: 1619) 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

63 TO 6 
ENCODER LATCH 

©TRW Inc. 1985 
40G00278 Rev. F-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 

Pin Assignments 

D 28 

NMINV 
NliNV 
CONY )------------.----..... -+-1---..., 

VIN >-::~~=;_-r==r_--_h 
RT \-

VEE 1 
NC 2 
NC 3 

NMINV 4 
NLiNV 5 

VEE 6 
VCC 7 

0GNO 8 

• • • 

24 NC 
23 NC 
22 RT 
21 VIN 
20 AGNO 
19 VIN 
18 AGNO 
17 VIN 
16 RB 
15 CONY 

63 TO 6 
ENCODER LATCH 

(MSB) 01 9 
02 10 
03 11 
04 12 

14 D6 (LSB) 
13 05 

24 Lead DIP - J7 Package 
24 Lead CERDIP - 87 Package 
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Functional Description 

General Information 

The TDC1014 has three functional sections: a comparator array, 
encoding logic, and output latches. The comparator array 
compares the input signai with 63 reference voltages to 
produce an N - of - 63 code (sometimes referred to as a 
"thermometer" code, as all the comparators below the signal 
will be on, and all those above the signal will be offl. The 

Power 

The TDC1014 operates from two supply voltages, +5.0V and 
-6.0V. The return for ICC, the current drawn from the +5.0V 
supply, is DGND. The return for lEE, the current drawn from 

Name Function 

Vee Positive Supply Voltage 

encoding logic converts the N - of - 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. 

the -6.0V supply, :s AGND. All power and ground pins must 
be connected. 

Value J7, B7 Package 

+5.0V Pin 7 

VEE Negative Supply Voltage -6.0V Pins 1, 6 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDC1014 converts analog signals in the range 
VRS < VIN < VRT into digital form. VRS (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 +O.lV and -2.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain 
(VRT - VRS) must be between O.BV and 1.2V. The current in 
the reference resistor chain can be supplied directly by a 741 

Name Function 

Rr Reference Resistor IT op) 

O.OV Pin 8 

O.OV Pins 18, 20 

type operational amplifier. The nominal voltages are, 
VRT = O.OV, VRS = -1.0V. These voltages may be varied 
dynamically up to 12MHz. 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 AGC circuit), a bypass capacitor is inappropriate and 
a low - impedance reference source is required. 

Value J7, B7 Package 

O.OV Pin 22 

RB Reference Resistor lBottom) -1.0V Pin 16 

Control 

Two function control pins, NMINV and NLlNV, 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 

Name Function 

Output Coding table. These pins are active LOW, as signified 
by the prefix "N" in the signal name. They may be tied to 
VCC for a logic "1," and DGND for a logic "0." 

Value J7, B7 Package 

NMINV Not Most Significant Bit INVert TTL Pin 4 

NLiNV Not least Significant Bit INVert TTL Pin 5 

LSI Products Division 
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Convert 

The TOC1014 requires a convert (CONVI signal. A sample is 
taken (the comparators are latchedl approximately lOns after a 
rising edge on the CONY pin. This time is tSTO, Sampling 
Time Offset. This delay varies by a few nanoseconds from part 
to part and as a function of temperature. The 63 to 6 
encoding is performed on the falling edge of the CONY signal. 
The coded result is transferred to the output latches on the 

Name Function 

CONV Convert 

Analog Input 

The TDC1014 uses strobed latching comparators which cause 
the input bias current to vary by approximately 5% with the 
convert (CONVI signal. This variation is "ISB, clock synchronous 
bias current." The comparators also cause the input impedance, 
resistive and capacitive, to vary with the signal level, as 
comparator input transistors are cut -off or become active. As 
a result, for optimal performance, the source impedance of the 
device must have less than 25 Ohms impedance. The input 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1014 are TTL compatible, capable of 
driving four low-power Schottky TTL (54174 LSI unit loads or 
the equivalent. To improve rise time of outputs, it is 
recommended that the 2.2 kOhm pull-up resistors to VCC be 

Name Function 

D1 MSB Output 

D2 

D3 

D4 

D5 

D6 LSB Output 

No Connects 

There are several pins labeled No Connect (NCI, which have no 
connections to the chip. Connect these pins to AGNO for noise 
reduction. 

Name Function 

NC No Connection 

D 30 

next rising edge. The outputs require a minimum value of to 
(output delayl after a rising edge of the CONY signal. This 
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 TOC1014 is taking 
input sample N + 2. 

Value J7, B7 Package 

TTL Pin 15 

signal will not damage the TOC1014 if it remains within the 
range of VEE to + O.5V. 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. All three analog input pins must be 
connected together. 

Value J7, B7 Package 

OV to -1V Pins 17, 19, 21 

connected to data outputs. The outputs hold the previous data 
a minimum time (tHol after the rising edge of the CONY 
signal. 

Value J7, B7 Package 

TTL Pin 9 

TTL Pin 10 

TTL Pin 11 

TTL Pin 12 

TTL Pin 13 

TTL Pin 14 

Value J7, 87 Package 

Pins 2, 3, 23, 24 
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Figure 1. Timing Diagram 

DIGITAL OUTPUT 

Figure 2. Simplified Analog Input Equivalent Circuit 

I 
REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Digital Input Equivalent Circuit 

VCCo-----------------~-------

5K 

INPUT 0-----

LSI Products Division 
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VIN 0--0----.... -------411..-----, 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EOUAL TO THE VOLTAGE ON PIN RB 

Figure 4. Output Circuits 

TO 
OUTPUT 

+VCC 

81D r2 

PIN o---t...-.... - .. 

1N3D62 

LOAD 1 -::" 
TEST LOAD FOR DELAY 
MEASUREMENTS 
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Absoluto maximum ratings Ibeyond which the device will be damaged)' 
A 

Supply Vohages 

vcc Imeasured to DGND) ............................................................................................................................................................................................. 0.0 to + 7.0V 

VEE Imeasured to AGND) .......................................................................................................................................... " .................................................. 0.0 to -7.0V 

AGND (measured to 0GNO) ......................................................................................................................................... " ..... " .................................... -1.0 to +1.0V 

Input Vohages 

CONY, NMINV, NLiNV (measured to 0GNO) ......................................................................................................................................................... -0.5 to +5.5V 

VIN, VRT, VRS Imeasured to AGND) ................................................................................................................................................................ " ...... +0.5 to VEEV 

VRT (measured to VRS) ............................................................................................................................................................................................. + 2.2 to - 2.2V 

Output 

Applied voltage (measured to 0GNO) ...................................................................................................................................................................... -0.5 to 5.5V2 

Applied current, externally forced ....................................................................................................................................................................... -1.0 to S.OmA 3,4 
Short circuit duration Isingle output in high state to ground) ............................................................................................................................................ 1 sec 

Temperatura 

Operating, ambient .................................................................................................................................................................................................... -60 to + 140°C 

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

Lead, soldering (10 seconds) .................................................................................................................................................................................................. +300°C 
Storage ........................................................................................................................................................................................................................ - 65 to + 1S0°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 Ranga 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Positive Supply Voltage IMeasured to 0GND) 4.75 5.0 5.25 4.5 5.0 5.5 V 

VEe Negative Supply Voltage IMeasured to AGND) -5.75 -6.0 -S.25 -5.75 -6.0 -S.25 V 

VAGND Analog Ground Voltage IMeasured to DGND) -0.1 0.0 0.1 -0.1 0.0 0.1 V 

tpWL CONY Pulse Width, LOW 19 19 ns 

tpWH CONY Pulse Width, HIGH 15 15 ns 

VIL Input Voltage, Logic LOW O.B 0.8 V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -4110 -400 /-lA 

~RT Most Positive Reference Input 1 -1.1 0.0 0.1 -1.1 0.0 0.1 V 

VRS Most Negative Reference Input 1 -0.9 -1.0 -2.1 -0.9 -1.0 -2.1 V 

VRT-VRS Voltage Reference Differential O.B 1.0 1.2 0.8 1.0 1.2 V 

VIN Input Voltage VRS VRT VRB VRT V 

TA Ambient Temperature, Still Air 0 70 o\.: 

TC Case Temperature -55 125 °c 

Note: 
1. VAT Must be more positive than VAB, and voltage reference differential must be within specified range. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Positive Supply Current Vcc - MAX, static 1 30 30 rnA 

lEE Negative Supply Current VEE - MAX, static 1 

TA - DoC to lO°C -150 rnA 

TA - lO°C -110 rnA 

T C - -55°C to 125°C -180 rnA 

TC - 125°C -100 rnA 

I REF Reference Current VRT' VRB - NOM 2.0 8.0 2.0 8.0 rnA 

RREF Total Reference Resistance 125 500 125 500 Ohms 

RIN Input Equivalent Resistance VRT, VRB - NOM, VIN - VRB 20 20 kOhms 

CIN Input Capacitance 75 75 pF 

ICB Input Constant Bias Current VEe - MAX 150 150 IlA 

ISB Input Clack Synchronous Bias 20 20 IlA 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.5V -2.0 -2.0 mA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 75 75 IlA 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 mA 

VOL Output Voltage, Logic LOW VCC - MIN, 10L - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 V 

lOS Short Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, 25 25 mA 

one second duration. 

CI 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 VCC - MIN, VEE - MIN 25 25 MSPS 

tSTO Sampling Time Offset VCC - MIN, VEE - MIN -2 10 -3 12 ns 

to Digital Output Delay VCC - MIN, VEe - MIN Load 1 35 35 ns 

tHO Output Hold Time VCC - MIN, VEE - MIN Load 1 15 15 ns 

LSI Products Division 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ELI Unearity Error Integral. Independent VRT, VRB - NOM 0.4 0.4 % 

ELD Unearity Error Differential 0.4 0.4 % 

Q Code Size VRT, VRB - NOM 50 150 50 150 % Nominal 

EDT Offset Error Top VIN - VRT 30 30 mV 

EOB Offset Error Bottom VIN - VRB -24 -24 mV 

TCO Offset Error Temperature Coefficient ± 100 ±100 /-LVloC 

BW Bandwidth, Full Power Input 12 12 MHz 

tTR Transient Response, Full Scale 20 20 ns 

SNR Signal- to - Noise Ratio lOMHz Bandwidth, 

25MSPS Conversion Rate 

Peak SignalfRMS Noise 1.248MHz Input 44 44 dB 

2.43BMHz Input 43 43 dB 

RMS SignalfRMS Noise 1.248MHz Input 35 35 dB 

2.43BMHz Input 34 34 dB 

NPR Noise Power Ratio DC to BMHz White Noise Bandwidth 26 26 dB 

4 Sigma loading 

1.248MHz Slot 

25MSPS Conversion Rate 

EAP Aperture Error 60 60 ps 

Output Coding 

Binary Offset Two's Complement 
Step Range True Inverted True Inverted 

-1.0000V FS -1.0DBOV FS NMINV - 1 0 0 1 

15.B730 mV STEP 16.0000 mV STEP NliNV - 1 0 1 0 

00 O.OOOOV O.OOOOV 000000 111111 100000 011111 

01 -0.0159V -0.0160V 000001 111110 100001 011110 

· · · · · · · · · · · · · · · · • · · · · 31 -0.4921V -0.4960V 011111 100000 111111 000000 

32 -0.5079V -0.5120V 100000 011111 000000 111111 

33 -0.523BV -0.52BOV 100001 011110 000001 111110 

· · · · · · · · · · · · · · · · · · · · · 62 -0.9841V -0.9920V 111110 000001 011110 100001 

63 -1.000V -1.00BOV 111111 000000 011111 100000 

Note: 
Voltages are code midpoints when calibrated by the procedure given in the Calibration section. 
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Calibration 

To calibrate the TDC1014, adjust VRT and VRB to set the 1st 
and B3rd thresholds to the desired voltages. Note on the block 
diagram that R 1 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 

Typical Interface Circuit 

The Typical Interface Circuit in Figure 5 shows a simple buffer 
amplifier and voltage reference circuit that may be used with 
the TDC1014. 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 C 12. 

The reference voltage for the TDC1014 is generated by 
amplifier U3 and PNP transistor Q1 which supplies the 
reference current. System gain is adjusted by varying R9 which 
controls the reference voltage level to the AID converter. 

Figure 5. Typical Interface Circuit 

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. RB is a convenient point 
for gain adjust that is not in the analog signal path. These 
techniques are employed in Figure 5. 

Input voltage range and input impedance for the circuit are 
determined by resistors R 1 and R2. Formulas for calculating 
values for these input resistors are: 

1 
Rl = 2VR 1 

(Z;) -1000 

and 

( 
1000 Rl ) 

R2 = liN - 1000 + Rl 

where VR is the input voltage range of the circuit, liN 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 
1 Volt p -p 75 Ohm video input. 

+5V)---------...----+---------1'---....------, 

VIDEO INPUT (0; 
0-IV ~ 

Rl 
37.4 

elK )---------+---t--t------' 
-I.DV)--------____ --___ -------_........., 
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Ordering Information 1 

Product Tomporaturo Rango Scrooning Packago Packago 
Numbor Marking 

TDC1Dl4J7C S1O- TA - DOC to 7DoC Commercial 24 lead DIP lDl4J7C 
TDC1Dl4J7G S1O-T A - DOC to 7D°C Commercial With Burn-In 24 lead DIP lDl4J7G 
TDC1Dl4J7F EXT - T C - -55°C to mac Commercial 24 lead DIP lDl4J7F 
TDC1Dl4J7A EXT-TC - -55°C to 125°C High Reliability 2 24 lead DIP lDl4J7A 

TDC1D14B7C S1O- TA - DOC to 7DoC Commercial 24 lead CERDIP 1D14B7C 
TDC1D14B7G S1O-T A - DOC to 7DoC Commercial With Burn-In 24 lead CERDIP 1D14B7G 

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. 

Notes: 
1. TRW recommends the use of the TDC1046 for new designs. 
2. Per TRW document 70Z01757. 
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TDC1019 
Preliminary Information 

Monolithic Video AID Converter 
9-bit, 18MSPS 

The TRW TDC1019 is an 18 MegaSample Per Second IMSPSI 
full- parallel Wash I analog - to - digital converter, capable of 
converting an analog signal with full- power frequency 
components up to 5MHz into 9-bit digital words. A 
sample -and - hold circuit is not required. All digital inputs and 
outputs are differential ECL. 

The TDC1019 consists of 512 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The outputs can be 
connected to give either true or inverted Qutputs in binary or 
offset two's complement coding. 

Features 

o 9 - Bit Resolution 

• 18MSPS Conversion Rate, TDC1019-1 
• 15MSPS Conversion Rate, TDC1019 
• Overflow Flag 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Sample -And - Hold Circuit Not Required 

• Differential Phase 1.0 Degree 
• Differential Gain 2.0% 
• Differential ECl Interface 
• Selectable Output Format 
• Single -5.2V Power Supply 
• Available in 64 lead DIP, 68 Contact Chip Carrier Or 68 

leaded Chip Carrier 

• Evaluation Board - TDC1019E1C 

Applications 

• Video Data Conversion 
• Radar Data Conversion 
• Data Acquisition 
• IR Processors 

D1FFERENT1AL 
COMPARATORS 
15m 

Phone: 1619) 457 -1000 
Telex: 697 -957 
TWX: 910-335-1571 

512T09 
ENCODER 

©TRW Inc. 1985 
40G00281 Rev. 0 -1185 
Printed in the U.S.A. 



Pin Assignments 

D 38 

RI 
RBS }---t-.AM~~ 

0s1 
(LSB) D9 2 
(LSD) fig 3 

DGND 4 
CONY 5 
CONY 6 

DGND 7 
RTS 8 
OFS 9 

RT 10 
NC 11 

VIN 12 
AGNO 13 
AGND 14 

VIN 15 
VIN 16 
RM 17 
VIN 18 

AGND 19 
AGND 20 

NC 21 
VIN 22 
NC 23 
RB 24 

RBS 25 
DGND 26 
DGND 21 

OVF 28 
OVF 29 

(MSD) D, 3D 
(MSB) 0; 31 

D2 32 

Rl2 

64 D8 
63 OJ 
62 D7 
61 Os 
60 D6 
59 Os 
58 D5 

DIFFERENTIAL 
COMPARATORS 
15121 

57 AGNO 
56 NC 
55 NC 

54 VEED 
53 NC 
52 NC 

51 VEEA 
50 NC 
49 NC 

48 VEEA 
41 NC 

46 VEEA 
45 NC 
44 NC 
43VEED 
42 NC 
41 NC 

40 AGND 
39 NC 
38 NC 
31 1!4 
36 D4 
35 OJ 
34 D3 
33 D2 

64 Lead DIP - Jl Package 

512 TO 9 
ENCODER 

/ 
DFS 61 ( 

RTS 62 
cow 63 
CONY 64 

DGND 65 
Jig (LSD) 66 
D9 (LSD) 67 

DB 68 
D8 1 

Ii1 
01 
Os 4 
D6 

Ii5 
D5 
NC 

OYF. iiVF 
lB 

LATCH 

'" '" "'''' 
U 1-!::3u :3!: !: :Eu !::3:3u !:u '" z=><z<»=z>«z>z= 
sm~~~$~~~~~~~~~~~ 

43 RDS 
( 42 NC 
( 41 DGNO 
( 40 OVF 
( 39 ow 
( 38 0, (MSB) 
( 37 OJ (MSBI 

) 36 02 
) 35 Dz 
( 34 03 

) 33 IlJ 
~ 32 D4 
) 31 54 
) 3D NC 
,,29 NC 
~ 28 NC 

~ 21 AGND 
/ 

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

LSI Products Division 
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TDC1019 

Functional Description 

General Information 

The TOC1019 has three functional sections: a comparator array, 
encoding logic and output latches. The comparator array 
compares the input signal with 512 reference voltages to 
produce an N-of-512 code !sometimes referred to as a 

Power 

The TOC1019 operates from separate analog and digital power 
supplies, VEEA and VEED, respectively. Since the required 
voltage for both VEEA and VEEO is - 5.2V, they may ultimately 
be connected to the same power source, but separate 

Name Function 

VEEA Analog Supply Voltage 
VEEO Digital Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDC1D19 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. VAB !the voltage applied 
to the pin at the bottom of the reference resistor chainl and 
VRT !the voltage applied to the pin at the top of the reference 
resistor chainl should be between +O.lV and - 2.1V. VAT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain !VRT-VRSI 
must be between 1.8V and 2.2V. The nominal voltages are 
VRT = O.OV and VRS = - 2.0V. Parasitic resistances, R 1 and 
R2, introduce offsets at the top and bottom of the reference 
resistor chain. Sense points RTS, RBS and OFS may be used 
to null out these offsets. Note that Rl is greater than R, 
ensuring that a positive voltage is required at RT. R3, R4 and 

Name Function 

RT Reference Resistor (Top) 
RTS Reference Resistor (Top) Sense 

RB Reference Resistor (Bottom) 

RBS Reference Resistor (Bottom) Sense 

RM Reference Resistor (Midpoint) 
OFS OverFlow Sense 

LSI Products Division 
TRW Electronic Components Group 

"thermometer" code, as all the comparators below the signal 
will be on, and all those above the signal will be off/. The 
encoding logic converts the N -of - 512 code into binary data. 
The output latch holds the output constant between updates. 

decoupling for each supply is recommended. The return for the 
current drawn from VEED and VEEA is DGNO and AGNO, 
respectively. All power and ground pins must be connected. 

Value J1 Package C1. L1 Package 

-5.2V Pins 46. 48. 51 Pins 14. 16. lB. 20. 21 
-5.2V Pins 43. 54 Pins 13. 22 

O.OV Pins 4. 7. 26. 27 Pins 41. 65 
O.OV Pins 13, 14, 19, 20. 40. 57 Pins 9, 27, 48. 49, 55, 57 

R5 are not designed to carry the reference current. OverFlow 
Sense (OFSI may be used to null out offsets at the overflow 
!most positivel comparator whenever the OVerFlow !OVFI flag is 
used. If the sense points are not used, they should be left 
open. The reference voltages may be varied dynamically up to 
5MHz. If these inputs are exercised dynamically. a ~ 
low-impedance reference source is required. If the reference is -.:.II 
not varied, a bypass capacitor is recommended. A midpoint 
tap, RM, allows the converter to be adjusted for optimum 
linearity. It can also be used to achieve a non -linear transfer 
function. This node should be driven from a low-impedance 
source. Noise introduced at this point, as well as the reference 
inputs IRT, RTS. RS, RSS, OFSI, may result in encoding errors. 

Value J1 Package C1. L1 Package 

O.OV Pin 10 Pin 59 
O.OV Pin B Pin 62 

-2.0V Pin 24 Pin 44 
-2.0V Pin 25 Pin 43 

-1.0V Pin 17 Pin 52 
O.OV Pin 9 Pin 61 
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Convert 

The TDC1019 requires a differential CONVert ICONV and CONVI 
signal. A sample is taken Ithe comparators are latchedl 
approximately 10ns after the rising edge of the CONV signal. 
This time is tSTO, 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 (jitterl in sampling 
offset time is less than 100 picoseconds. The 512 to 9 
encoding is performed on the falling edge of the CONV signal. 

Name Function 

CONY Convert 
CONY Convert, Complement 

Analog Input 

The TOC1019 uses strobed latching comparators which cause 
the input impedance, resistive and capacitive, to vary with the 
signal level, as comparator input transistors are cut-off or 
become active. As a result, for optimal performance, the 
source impedance must be less than 25 Ohms. The input 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1019 are differential Eel levels. The 
recommended load is 500 Ohms to - 2V. For optimum 
operation over the full temperature range, differential line 
receivers should be used. An OVerFlow IOVFI signal indicates 

Name Function 

01 MSB Output 

OJ MSB. Output Complement 

02 

D2 
03 

OJ 
04 

54 
05 

Os 
06 

OS 
07 

OJ 
DB 

De 
09 LSB Output 

De LSB Output Complement 
OVF Overflow Output 
OVF Overflow Output Complement 

D 40 

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. 
In a synchronous system data for sample N is acquired by the 
external circuitry while the ToC1019 is taking input sample 
N + 2. 

Value J1 Package C1, L1 Package 

ECl Pin 5 Pin 64 
ECl Pin 6 Pin 63 

signal will not damage the TDC1019 if it remains within the 
range of VEEA to + O.5V. If the input signal is between the 
VRT and VRS references, the output will be a binary number 
between 0 and 511 inclusive. All five analog input pins must 
be connected. 

Value J1 Package C1. L1 Package 

OV to -2V Pins 12, 15, 16, lB, 22 Pins 46, 50, 53, 54, 5B 

that the analog input has exceeded the threshold of the most 
positive comparator. The outputs hold the previous data a 
minimum time ItHO) after the rising edge of the CONVert 
signal. 

Value J1 Package C1, L1 Package 

ECL Pin 30 Pin 38 
ECL Pin 31 Pin 37 
ECL Pin 32 Pin 36 
ECL Pin 33 Pin 35 
ECL Pin 34 Pin 34 
ECL Pin 35 Pin 33 
ECL Pin 36 Pin 32 
ECL Pin 37 Pin 31 
ECL Pin 5B Pin 7 
ECL Pin 59 Pin 6 
ECL Pin 60 Pin 5 
ECL Pin 61 Pin 4 
ECL Pin 62 Pin 3 
ECL Pin 63 Pin 2 
ECL Pin 64 Pin 1 
ECL Pin 1 Pin 6B 
ECL Pin 2 Pin 67 
ECL Pin 3 Pin 66 
ECL Pin 28 Pin 40 
ECL Pin 29 Pin 39 
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TDC1019 
No Connects 

There are several pins labeled No Connect (NC!. These pins 
should be left open. 

Name Function Value 

NC No Connect Open 

Figure 1. Timing Diagram 

Jt Package ct, L 1 Package 

Pins 11, 21, 23, 38, 39, 41, 42, 44, Pins B, 10, 11, 12, 15, 17, 19, 23, 24, 
45, 47, 49, 50, 52, 53, 55, 56 26, 2B, 29, 30, 42, 45, 47, 51, 56, 60 

CONY I'---J SAMPLE 

ANALOG IN~PU~T 1 Nk:::::::::::==-c:::::::::1--------...:....I..::. _____ .!..-

DIGITAL OUTPUT I 
--~~~~~~~~~~~~~~~~~~~~~~~~ 

Figure 2. Simplified Analog Input Equivalent Circuit 

REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Digital Input Equivalent Circuit 

.------0---0 DGND 

CONY 
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VIN 0-..... ---..... -------41_----, 

leB 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EnUAL TO THE VOLTAGE ON PIN RO 

Figure 4. Output Circuits 

DGNO 0----..------......, 

D 

.-------~_o 0 

5Kn 

VEED 0----.... -------1 
OUTPUT EQUIVALENT CIRCUIT 

TD 
DUTPUT O~--:t-----...., 

PIN "of J t ""n 
LDAD 1 
TEST LDAD FDR DELAY 
MEASUREMENTS 

-z.OV 
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TDC1019 

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

Supply Voltages 

VEEo (measured to oGNo) .......................................................................................................................................................................................... +0.5 to -7.OV 

VEEA (measured to AGNO).. ........................................................................................................................................................................................ +0.5 to -7.OV 

AGNo (measured to oGNo) ........................................................................................................................................................................................ + 1.0 to -1.0V 

VEEA (measured to VEEo)... ........................................................................................................................................................................................ +0.5 to -0.5V 

Input Voltage 

CONY. CONY (measured to oGNo) ............................................................................................................................................................................. +0.5 to VEEV 

VIN, VRT, VRB (measured to AGNo) .... · ...... · ............ · ...... · ............ · .... · .. · ........ · .......... · ....... · ......................................................................................... +0.5 to VEEV 

VRT (measured to VRB) ............................................................................................................................................................................................... +2.5 to -2.5V 

Outputs 

Short circuit duration (single output to GNo) .................................................................................................................................................................... Indefinite 

Temperature 

Operating, case ............................................................................................................................................................................................................ -60 to + 140°C 

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

Lead, soldering (10 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 

Temperature Range 
Standard 

Parameter Min Nom Max Units 

VEEo Digital Supply Vo~age (measured to oGNo) -4.9 -5.2 -5.5 V 

VEEA Analog Supply Vo~age (measured to AGNo) -4.9 -5.2 -5.5 V 

VAGNo Analog Ground Voltage (measured to oGNDl -0.1 0.0 +0.1 V 

VEEA-VEEo Supply Voltage Differential -0.1 0.0 +0.1 V 

tpWL CONY Pulse Width, LOW Standard 25 ns 

-1 Version 22 ns 

tpWH CONY Pulse Width, HIGH Standard 32 ns 

-1 Version 28 ns 

VIL Input Voltage, Logic LOW -1.4 V 

VIH Input Voltage, Logic HIGH -1.0 V 

VRT Most Positive Reference Input 1 -0.1 0.0 +0.1 V 

VRB Most Negative Reference Input 1 -1.9 -2.0 -2.1 V 

VRrVRB Voltage Reference Differential 1.8 2.0 2.2 V 

VIN Input Voltage VRB VRT V 

TA Ambient Temperature, Still Air2 0 +70 °C 

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 50°C. 

LSI Products Division 
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TDC1019 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

lEE Supply Current VEED, VEEA - MAX 
T A - OaC to 70°C -850 rnA 

TA - 50aC -725 rnA 

T A - 70aC (500 LFPMI -700 rnA 

IREF Reference Current VRT' VRB - NOM 10 36 rnA 

RREF Total Reference Resistance 56 200 Ohms 

RIN Input Equivalent Resistance VRT' VRB - NOM, VIN - VRB 2.0 kOhms 

CIN Input Capacitance VRT, VRB - NOM, VIN - VRB 280 pF 

ICB Input Constant Bias Current VEEA - MAX, VIN - O.OV 750 IJ.A 

II Digital Input Current VEED - MAX, VI - -O.7V 150 IJ.A 

VOL Output Voltage, Logic LOW VEED - NOM, IOL - Test Load 1 -1.6 V 

VOH Output Voltage, Logic HIGH VEED - NOM, IOH - Test Load 1 -0.95 V 

CI Digital Input Capacitance TA - 25°C, F - 1MHz 35 pF 

Note: 
1. Test Load ~ 500 Ohms to -2.0V. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

, FS Maximum Conversion Rate VEED, VEEA - MIN Standard 15 MSPS 

VEEO, VEEA - MIN -1 Version 18 MSPS 

tSTO Sampling Time Offset VEED, VEEA - MIN 0 15 ns 

tD Output Delay VEED, VEEA - MIN, Load 1 35 ns 

tHO Output Hold Time VEED, VEEA - MIN, Load 1 3 ns 

Note: 
1. Test load ~ 500 Ohms to -2.0V. 

LSI Products Division 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

Ell linearity Error Integral, Independent VRT, VRB - NOM 0.3 % 

VRT, VRB - NOM 1, tpWH - 28ns 0.15 % 

ELO linearity Error Differential VRT, VRB - NOM 0.15 % 

Q Code Size VRT' VRB - NOM 15 185 % Nominal 

EOTS Offset Error Top VIN - VRT, RTS Connected ±4 mV 

EDT Offset Error Top VIN - VRT +40 mV 

EOBS Offset Error Bottom VIN - VRB' RBS Connected ±4 mV 

EOB Offset Error Bottom VIN - VRB -40 mV 

TCO Offset Error Temperature Coefficient 20 /J.V/oC 

tTA Transient Response, Full Scale 20 ns 

BW Bandwidth, Full Power Input 5 MHz 

SNR Signal-to-Noise Ratio 5MHz Bandwidth, 

18MSPS Conversion Rate 

Peak Signal/RMS Noise 1.25MHz Input 52 dB 

2.43BMHz Input 49 dB 

RMS Signal/RMS Noise 1.25MHz Input 43 dB 

2.438MHz Input 40 dB 

EAP Aperture Error 100 ps 

DP Differential Phase 1,2 4 x NTSC Subcarrier 1.0 Degrees 

DG Differential Gain 1,2 4 x NTSC Subcarrier 2.0 % 

Notes: 
1. Voltage at midpoint lAM' adjusted. 

2. In excess of quantization. 

LSI Products Division 
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TDC1019 
Output Coding 

Binary Offset Two's Complement 
Step Range True Inverted True Inverted 

-2000V FS -2.0440V FS All Outputs 01 Inverted 02- 09 Inverted 
3.9139 mV Step 4.000 mV Step Inverted 

000 O.OOOOV O.OOOOV 000000000 111111111 100000000 011111111 
001 0.0039V 0.0040V 000000001 111111110 100000001 011111110 

• · • • · • • 
• • • • • • • 
• • • • • • • 

255 0.99BOV 1.0200V 011111111 10000000 11111111 000000000 
256 1.0020V 1.0240V 100000000 01111111 00000000 111111111 
257 1.0059V 1.02BOV 100000001 01111110 00000001 111111110 

· • · • • • · • · • • · · · • • · · • • • 
510 1.9961V 1.9980V 111111110 000000001 011111110 100000001 
511 2.0000V 2.0200V 111111111 000000000 011111111 100000000 

Notes: 

1. Any output may be inverted by interchanging connections to the true IONI and complement IONI output pins. 

2. Voltages are code midpoints when calibrated by the procedure given below. 

Calibration 

To calibrate the TDC1019, adjust VRT and VRB to set the 1st 
and 511th 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 - 0.00196V on the analog input, and adjust 
VRT for output toggling between codes 00 and 01. Then apply 
-1.99S0V and adjust VRB for toggling between codes 510 and 

LSI Products Division 
TRW Electronic Components Group 

511. The Overflow flag is calibrated similarly to VRT except 
that the converter input is set 1 LSB more positive than the 
top of the encoding range (-0.00196V in this example!. Instead .. 
of adjusting VRT, RT can be connected to analog ground and 
the OV end of the range calibrated with a buffer offset control. 
RB 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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Figure 5. Typical Interface Circuit 

+12V +15V 

~~~~G~~~~~~~~~-. ____ ~ 
Rl 

+15V RTS 

~~~~~~~~---4--------------------~RBS 

~--------'---~~RB 

-15V 

1" = TERMINATE AS REQUIRED CONY >--------i 

Parts List 

Resistors Capacitors 

Al .on' 
A2 SO.6n' t/4W 2% 

Cl O.Ij.LF 
C2 2.0j.LF 

A3 1.0Kn t/4W 2% C3 o.IJ.lF 
A4 4.2Kn t(4W 2% C4 O.1J.lF 
A5 2.0Kn IW Multiturn Cermet Pot C5 O.IJ.lF 
A6 IOO.On 3W 5% C6 I.OJ.lF 
A7 t2o.on 3W 5% C7 O.OJ.lF 
AS to.on 1/4W 5% CB ISee Note 21 
A9 2.0Kn 1I4W 2% C9 ISee Note 21 
Ato ISee Note 21 Cl0 o.IJ.lF 
All 2.0Kn IW Multiturn Cermet Pot Cll O.IJ.lF 
Al2 2.0Kn IW Mu~iturn Cermet Pot C12 O.lJ.lF 
Rt3 2o.oKn 1/4W 2% C13 o.IJ.lF 
Al4 20.oKn t/4W 2% C14 O.IJ.lF 
Al5 2.oKn 1/4W 2% C15 O.IJ.lF 
Rt6 2.0Kn 1/4W 2% C16 o.IJ.lF 
Al7 75.0Kn t/4W 2% 

Notes: 
1. Selected for desired input impedance and voltage range. 
2. Selected for amplifier compensation. 
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Ul 

CONY CONY 

50V 
50V 
50V 
50V 
50V 
lOV 
loV 

50V 
50V 
50V 
50V 
50V 
50V 
50V 

...,....,..-..... -< -5.2V 

t-......... -< -5.2V 

10 
.........,---+-....... D,-D9' OVF 

10 
~--I-~ D,-D9. 0VF 

~ 
ANALOG 
GROUND 
IAGND) 

1 DIGITAL 
GROUND 

":' IDGND) 

Integrated Circuits 

Ul TAW TDC1019 
U2 Plessey Sl54IC 
U3 MC4741 
U4 MCI403 
U5 MC10116 

Transistors 

Q1 2N5836 
02 2N2907 

Diodes 

01 lN4001 

LSI Products Division 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1019J1C STD-T A - ODC to 70DC Commercial 64 Lead DIP 1019J1C 

TDC1019J1Cl STD- TA - ODC to 70DC Commercial 64 Lead DIP 1019J1Cl 

TDC1019J1G STD- TA = ODC to 70DC Commercial With Burn-In 64 Lead DIP 1019J1G 

TDC1019J1Gl STD- T A = ODC to 70DC Commercial With Burn-In 64 Lead DIP 1019J1Gl 

TDC1019C1C STD- TA - ODC to 70DC Commercial 68 Contact Chip Carrier 1019C1C 

TDC1019C1Cl STD- TA - ODC to 70DC Commerical 68 Contact Chip Carrier 1019C1Cl 

TDC1019C1G STD- T A - ODC to 70DC Commercial With Burn-In 68 Contact Chip Carrier 1019C1G 

TDC1019C1Gl STD-T A - O°C to 70DC Commercial With Burn-In 68 Contact Chip Carrier 1019C1Gl 

TDC1019L1C STD- TA = ODC to 70DC Commercial 68 Leaded Chip Carrier 1019L1C 

TDC1019L1Cl STD-T A = ODC to 70DC Commercial 68 Leaded Chip Carrier 1019L1Cl 

TDC1019L1G STD- T A - ODC to JODC Commercial With Burn-In 68 Leaded Chip Carrier 1019L1G 

TDC1019L1Gl STD- TA - ODC to JODC Commercial With Burn-In 68 Leaded Chip Carrier 1019L1Gl 

TAW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TAW Inc. or 
others. 

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TAW for current information. 
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1DC1021 

Monolithic AID Converter 
4-bit, 25MSPS 

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

The TOC1021 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 TOC1044 for new 
designs. 

Functional Block Diagram 

Features 

• 4 - Bit Resolution 
• ± 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 >----------------, 
NliNV r-------------, 
CONY >----------.----1~_+_-----. 

15T04 
>-t-t--+l ENCODER 

RM >-+-+-+----II--+--V 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

RI DIfFERENTIAL 

REFERENCE 
RESISTOR 
CHAIN 

COMPARATORS 1151 

Phone: 16191 457 -1 000 
Telex: 697 -957 
TWX: 910-335-1571 

© TRW Inc. 1985 
40G01334 Rev. B-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 
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Pin Assignments 
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AGND 1 16 CONY 

VIN 2 15 04 (LSS) 
NC 3 14 03 
RT 4 13 02 
RS 5 12 01 (MSS) 

VEE 6 11 DGND 
NLiNV 7 10 VCC 

RM 8 9 NMINV 

16 Lead DIP - J9 Package 
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TDC1021 

Functional Description 

General Information 

The TDC1021 has three functional sections: a comparator array, 
encoding logic and output latches. 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 below the signal 
will be on, and all those above the signal will be off). 

Power 

The TDC1021 operates from two supply voltages: +5.0V which 
is referenced to DGND, and -B.OV which is referenced to 
AGND. All power and ground pins must be connected. 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDC1021 converts signals in the range VRB ~ VIN ~ VRT 
into digital form. VRB (the voltage applied at the bottom of the 
reference resistor chain I and VRT (the voltage applied to the 
pin at the top of the reference resistor chainl should be 
between +O.1V and -2.1V. VRT should be more positive than 
VRB within that range. The voltage applied across the 
reference resistor chain (VRT- VRBI must be between OAV and 
1.3V. The current in the reference resistor chain can be 
supplied directly by an operational amplifier. These voltages 
may be varied dynamically up to 10M Hz. Due to variation in 
the reference currents with clock and input signals, RT and RB 
should be low -impedance - to -ground points. For circuits in 

Name Function 

VRT Reference Resistor ITop) 

VRM Reference Resistor IMiddle) 

VRB Reference Resistor !Bottom) 

LSI Products Division 
TRW Electronic Components Group 

The encoding logic converts the N - of-15 code into binary or 
offset two's complement coding and can invert either output 
code. This coding function is selected by DC controls on pins 
NMINV and NLiNV. The output latch holds the data on the 
output constant between updates. 

Value J9 Package 

+5.0V Pin 10 

-S.OV Pin S 

O.OV Pin 11 

O.OV Pin 1 

which the reference is not varied, a bypass capacitor to 
ground is recommended. If the reference inputs are exercised 
dynamically (as in an AGC circuitl, a bypass capacitor is 
inappropriate and a low-impedance reference source is 
required. A reference middle 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 negligible offset current. Noise 
generated at this point will adversely affect the performance of 
the device. 

Value J9 Package 

O.D4V Pin 4 

-0.5V Pin B 

-J.04V Pin 5 
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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 binary or offset two's 
complement, in either true or inverted sense, according to the 

Name Function 

Output Coding table. These pins are active LOW, as signified 
by the prefix /IN/I in the signal name. They may be tied to 
VCC for a logic /11/1 and DGND for a logic /10./1 

Value J9 Package 

NMINV Not Most Significant Bit INVert TTL Pin 9 

NLiNV Not Least Significant Bit INVert TTL Pin 7 

Convert 

The TDC1021 requires a convert (CONV) signal. A sample is 
taken (the comparators are latched) approximately 10ns after a 
rising edge on the CONV pin. This time is tSTO, Sampling 
Time Offset. This delay varies by a few nanoseconds from part 
to part and as a function of temperature. The 15 to 4 
encoding is performed on the falling edge of the CONV signal. 
The coded result is then transferred to the output latches on 

Name Function 

CONV Convert 

Analog Input 

The TOC1021 uses strobed latching comparators which cause 
the input bias current to vary by approximately 5% with the 
convert (CONVI signal. This variation is /lIS8, clock synchronous 
bias current./I The comparators also cause the input impedance, 
resistive and capacitive, to vary with the signa! level as 
comparator input transistors are cut - off or become active. As 
a result, for optimal performance, the source impedance must 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOG1021 are TTL compatible, capable of 
driving four low-power Schottky TTL (54/74LS) unit loads or 
the equivalent. To improve rise time of outputs, it is 
recommended that 2.2 kOhm pull- up resistors to VCC be 

Name Function 

°1 MSB Output 

°2 
03 
°4 LSB Output 

D 52 

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. This 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 
TOC1021 is taking input sample N+2. 

Value J9 Package 

TTL Pin 16 

be less than 25 Ohms. The input signal will not damage the 
TOC1021 if it remains within the range of VEE to + 0.5V. If the 
input signal is between the the VRT and VRB references, the 
output will be a valid representation of the input. A signal 
outside this range will indicate either full-scale positive or 
full-scale negative, depending upon whether the signal is 
off-scale in the positive or negative direction. 

Value J9 Package 

OV to -W Pin 2 

connected to data outputs. The outputs hold the previous data 
a minimum time (tHO) after the risir,g edge of the CONV 
signal. 

Value J9 Package 

TTL Pin 12 
TTL Pin 13 
TTL Pin 14 
TTL Pin 15 
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No Connects 

Pin 3 of the TDC1021 is labeled No Connect INC), and has no 
connection to the chip. Connect this pin to AGND for noise 
reduction. 

Name Function 

NC No Connect 

Figure 1. Timing Diagram 

Figure 2. Simplified Analog Input Equivalent Circuit 

I 
I 

Figure 3. Digital Input Equivalent Circuit 
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Value J9 Package 

Pin 3 

VIN o-..----.----~t_--'""' 

Ica 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRa IS A VOLTAGE EnUAL TO THE VOLTAGE ON PIN Ra 

Figure 4. Output Circuits 
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TDC1021 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltages 

Vee (measured to DGND) .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGND) ........................................................................................................................................................................................... +0.5 to -7.0V 

AGND (measured to DGND) ...................................................................................................................................................................................... + 1.0 to -1.0V 

Input Voltages 

eONV, NMINV, NliNV (measured to 0GNO) ......................................................................................................................................................... -0.5 to +5.5V 

VIN' VRT' VRB (measured to AGND) ........................................................................................................................................................................ +0.5 to VEEV 

VRT (measured to VRB) ............................................................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage (measured to DGNO) .................................................................................................................................................................. -0.5 to + 7.0V 2 

Applied current, externally forced ............................................................................................................................................................... -1.0 to + 5.0 rnA 3.4 
Short circuit duration (single output in high state to ground) ............................................................................................................................................ 1 sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -SO to + 1500e 

junction ...................................................................................................................................................................................................................... + 175°e 

lead, soldering (10 sec,) ......................................................................................................................................................................................................... + 3000e 

Storage ........................................................................................................................................................................................................................ -65 to + lS00e 

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 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC 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) -5.75 -5.0 -5.25 -5.75 -5.0 -5.25 V 

VAGND Analog Ground Voltage (Measured to 0GND) -0.1 0.0 0.1 -0.1 0.0 0.1 V 

tpWl CONV Pulse Width, lOW 19 19 ns 

tpWH CONV Pulse Width, HIGH 15 15 ns 

Vll Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOL Output Current, logic lOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -400 -400 f.J.A 

VRT Most Positive Reference Input 1 -1.9 0.0 0.1 -1.9 0.0 0.1 V 

VRB Most Negative Reference Input 1 -2.1 -1.0 -0.1 -2.1 -0.1 -0.1 V 

VRT-VRB Voltage Reference Differential 0.2 1.0 2.0 0.2 1.0 2.0 V 

VIN Input Voltage VRB VRT VRB VRT V 

TA Ambient Temperature, Still Air 0 70 °C 

TC Case Temperature -55 125 °C 

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 

ICC Positive Supply Current Vcc - MAX, static 1 35 35 mA 

'EE Negative Supply Current VEE - MAX, static 1 -60 -60 mA 

'REF Reference Current VRT, VRB = NOM 4.0 4.0 mA 

RREF Total Reference Resistance 250 250 Ohms 

R'N Input Equivalent Resistance VRT, VRB - NOM, V,N - VRB 60 60 kOhms 

C'N Input Capacitance 25 25 pF 

'CB Input Constant Bias Current VEE - MAX 20 30 f.1A 

'SB Input Clock Synchronous Bias 5 5 f.1A 

',l Input Current, logic lOW VCC - MAX, V, - 0.5V -2.0 -2.0 mA 

"H Input Current, logic HIGH VCC - MAX, V, - 2.4V 75 75 f.1A 

" 

Input Current, Max Input Voltage VCC - MAX, V, - 5.5V 1.0 1.0 mA 

VOL Output Voltage, logic lOW VCC - MIN, 10l - MAX 0.4 0.4 V 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 V 

lOS Short Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -25 -25 mA 

one second duration 

C, 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 

I!II 
I 

Parameter Test Conditions Min Max Min Max Units 

FS Maximum Conversion Rate VCC - MIN, VEE - MIN 25 25 MSPS 

tSTO Sampling Time Offset VCC - MIN, VEE - MIN 10 15 ns 

to Output Delay VCC - MIN, VEE - MIN load 1 35 35 ns 

tHO Output Hold Time VCC - MIN, VEE - MIN load 1 5 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard Extanded 
Parameter Tost Conditions Min Max Min Max Units 

ELI Linearity Error Integral, Independent VAT, VAB - NOM 1.6 1.6 % 

ELD Linearity Error Differential 1.6 1,6 % 

a Code Size VAT, VAB - NOM 50 150 50 150 % Nominal 

EDT Offset Error Top VIN - VAT 50 50 mV 

EOB Offset Error Bottom VIN - VAB 50 50 mV 

TCO Offset Error Temperature Coefficient ± 100 ± 100 /1V/oC 

BW Bandwidth, Full Power Input 10 10 MHz 

tTA Transient Aesponsa, Full Scale 20 20 ns 

EAP Aperture Error 50 50 ps 

Output Coding 

Binary Offset Two's Complement 

Step Rango True Inverted True Invortod 

-1.0000V FS -0,960V FS NMINV - 1 0 0 1 

66,667 mV STEP 64,000 mV STEP NLiNV - 1 0 1 0 

DO O,ooOV o,ooOV 0000 1111 1000 0111 

01 -0,067V -0,064V 0001 1110 1001 0110 

02 -0,133V -0,12BV 0010 1101 1010 0101 

03 -0,200V -0,192V 0011 1100 1011 0100 

04 -0,267V -0,256V 0100 1011 1100 0011 

05 -0,333V -0,320V 0101 1010 1101 0010 

06 -0,400V -0,3B4V 0110 1001 1110 0001 

07 -0,467V -O,448V 0111 1000 1111 0000 

DB -0,533V -0,512V 1000 0111 0000 1111 

09 -0,600V -0,576V 1001 0110 0001 1110 

10 -0,667V -0,640V 1010 0101 0010 1101 

11 -0,733V -0.704V 1011 0100 0011 1100 

12 -O,BOOV -0.76BV 1100 DOll 0100 1011 

13 -0,B67V -0,B32V 1101 0010 0101 1010 

14 -0,933V -0,B96V 1110 0001 0110 1001 

15 -l,OOOV -0,960V 1111 0000 0111 1000 

NMINV and NLiNV are to be considered DC controls. They may be tied to Vce for a logical "1" and tied to digital ground for a logical "D." 
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Calibration 

To calibrate the TDC1021, adjust VRT and VRS to set the 1st 
and 15th thresholds to the desired voltages, Assuming a OV to 
-1,OV desired range, continuously strobe the converter with 
- 0,0335V on the analog input, and adjust VRT for output 
toggling between codas 00 and 01. Then apply - 0,9665V and 
adjust VRS for toggling between codes 14 and 15, Instead of 
adjusting VRT, RT can be connected to analog ground and the 
OV end of the range calibrated with an analog input buffer 
offset control. RS is a convenient point for gain adjust that is 
not in the analog signal path, 

Figure 6. Typical Interface Circuit 

NLINV 

NMINV 

CONY 

ANALOG 
INPUT 
o TO -1V 

+15V 

Parts List 

Resistors 

Typical Interface Circuit 

Figure 5 shows a typical interface circuit. In this circuit the 
input has the ranga of Q,067V to - O,933V, Tha range is the 
difference between the voltages at which the transition from 
code 0 to code 1 occurs and the transition from code 14 to 
15 occurs, + 1 LSS, This extra LSS is produced when the 
analog to digital converter is calibrated with the transition from 
the 0 code to the 1st code occurring 1/2 LSS away from 
ground, and the transition from the 14th to 15th codes 
occurring 1/2 LSS away from full-scale, If a range from 
O,QOOV to 1,QOOV is required, then VRT must be adjusted (see 
calibration I and another buffer circuit added, 

The TDC1021 does not require a buffer to drive the analog 
input, however, a buffer circuit may be used to provide signal 
conditioning such as filtering or gain/offset, 

-BV +6V 

10 

NLINV VEE VCC 
VCC 

VIN 

RT 

RM TDC1021 DATA U1 OUT 

RS 

AGND DGND 

1 11 

Capacitors Integrated Circuits 

Rl 2.0Krl 1/4W Multiturn Cermet Pot Cl 10 J-LF 10V Ul TRW TDC1021 
R2 21.5Krl 1/4W 2% C2 1 J-LF lOV U2 741 Op-Amp 
RJ 21.5Krl 1I4W 2% CJ O.IJ-LF 50V UJ Motorola MCl403U 
R4 2.2Krl 1/4W 5% C4 O.IJ-LF 50V 
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Ordering Information 1 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1D21J9C STD-TA - DOC to 7DoC Commercial 16 Lead DIP 1D21J9C 

TDC1D21J9G STD-TA - DOC to 7DoC Commercial With Burn-In 16 Lead DIP 1D21J9G 

TDC1D21J9F EXT-TC - -55°C to 125°C Commercial 16 Lead DIP 1D21J9F 

TDC1021J9A EXT-TC - -55°C to 125°C High Reliability 2 16 Lead DIP 1D21J9A 

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. 

Notes: 
1. TRW recommends the use of the TDC1044 for new designs. 
2. Per TRW document 70201757. 
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TDC1025 
Preliminary Information 

Monolithic AID Converter 
8-bit, 50MSPS 

• Sample -And - Hold Circuit Not Required The TRW TDC1025 is a 50 MegaSample Per Second IMSPSI 
full- parallel lfIashl analog -to -digital converter, capable of 
converting an analog signal with full- power frequency 
components up to 12MHz into 8-bit digital words. A 

o Differential Or Single - Ended ECl Compatible 

• Single - 5.2V Power Supply 

sample -and -hold circuit is not necessary. All digital inputs and 
outputs are ECl compatible. 

• Available In 68 Contact Or leaded Chip Carrier 
• Evaluation Board - TDC1025E1C 

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. 

Features 

Applications 

• Medical Electronics 
• Fluid Flow Analysis 
• Seismic Analysis 
• Radar/Sonar 
• Transient Analysis 

• 8 - Bit Resolution • High -Speed Image Processing 
• 50MSPS Conversion Rate 

Functional Block Diagram 
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Functional Block Diagram 

Pin Assignments 
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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 Isometimes referred to as a 

Power 

The TOC1025 operates from a single - 5.2V power supply. The 
separate analog and digital power pins, VEEA and VEED, 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 Irefer to Figure 5 for a typical 
decoupling circuit!. The return for IEED, the current drawn from 

Name Function 

VEED Digital Supply Vohage 

VEEA Analog Supply Vohage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TOC1025 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. VRS Ithe voltage applied 
to the pin at the bottom of the reference resistor chain I and 
VRT Ithe voltage applied to the pin at the top of the reference 
resistor chainl should be between +O.lV and -2.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain IVRT-VRSI 
must be between 1.BV and 2.2V. The nominal voltages are 
VRT = O.OV, VRS = -2.0V. 

Two sense points, RTS and RSS, may be used to minimize the 
offset errors and temperature sensitivity. With sensing, resistors 
R1 and R2 las shown in the Functional Siock Diagraml 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 Siock Diagraml are approximately 1 kOhm. 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. 

LSI Products Division 
TRW Electronic Components Group 

"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 VEED supply, is 0GND. 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 Cl, Ll Package 

-5.2V Pins 7, 29 

-5.2V Pins 13, 14, 16, lB, 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 0 
will provide approximately 1/2 LSS adjustment of the linearity 
midpoint. The characteristic impedance at this node is 
approximately 75 Ohms, and should be driven from a 
low - 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 circuitl, a 
low - impedance reference source is required. The reference 
voltages may be varied dynamically at rates up to 10MHz. 
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Reference (Cant.) 

Name Function Value C1, L 1 Package 

RT Reference Resistor (Top) O.OV Pin 62 

RTS Reference Resistor Sense (Top) Pin 63 

RM Reference Resistor (Middle) -1.0V Pin 49 

RB Reference Resistor (Bottom) -2.0V Pin 41 

RBS Reference Resistor Sense (Bottom) Pin 40 

Convert 

The TDC1025 requires a differential ECl Convert ICONV) signal. 
Both convert inputs must be connected, with CONV being the 
complement of CONV. A sample is taken Ithe comparators are 
latched) within 10ns after the rising edge on the CONV pin. 
This time is tSTO, Sampling Time Offset. This delay may vary 
from part to part and as a function of temperature, but the 
short -term uncertainty Ijitted 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 

CONY Convert 

CONY 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 +O.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 

D 62 

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. 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 ItpWl and tpWH) 
requirements on the waveshape of the CONV signal. IRefer to 
Figure 1) 

Value C1, L1 Package 

ECl 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 C1, L 1 Package 

OV to -2V Pins 44, 47, 48, 51, 52, 56, 57, 60 
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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 kOhm 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 Ct. Lt Package 

01 MSB Output, Complement ECl Pin 66 

01 MSB Output ECl Pin 67 

D2 ECl Pin 68 

02 ECl Pin 1 

OJ ECl Pin 2 

03 ECl Pin 3 

ii4 ECl Pin 4 

04 ECl Pin 5 

Os ECl Pin 30 

05 ECl Pin 31 

OS ECl Pin 32 

06 ECl Pin 33 

iij ECl Pin 34 

07 ECl Pin 35 

De LSB Output, Complement ECl Pin 36 

08 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 

NC No Connect 

Thermal Design 

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

LSI Products Division 
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ECl 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 DC, 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. 
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Figure ,. Timing Diagram 
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Figure 5. CONVert, CONVert Switching Levels 
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Absolute maximum ratings Ibeyond which the device will be damaged I 1 

Supply Voltages 

VEEO (measured to 0GNO) ........................................................................................................................................................................................ +0.5 to -7.0V 

VEEA (measured to AGNO) ........................................................................................................................................................................................ +0.5 to -7.0V 

AGND (measured to 0GNO) ...................................................................................................................................................................................... +0.5 to -0.5V 

VEEA (measured to VEEO) ......................................................................................................................................................................................... +0.5 to -0.5V 

Input Voltages 
CONY, CONY (measured to 0GNO) ......................................................................................................................................................................... +0.5 to VEEOV 

VIN, VRT, VRB (measured to AGNO) ...................................................................................................................................................................... +0.5 to VEEAV 

VRT (measured to VRB) ................................................................................................................................................................................................... 0 to +2.5V 

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

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

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

lead, soldering (10 seconds) .................................................................................................................................................................................................. +300oC 

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. 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VEED Digital Supply Voltage -4.9 -S.2 -s.s -4.9 -S.2 -s.s V 

VEEA Analog Supply Voltage -4.9 -S.2 -s.s -4.9 -S.2 -s.s 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 DGND) -0.1 0.0 +0.1 -0.1 0.0 +0.1 V 

IpWL CONV Pulse Width, LOW 8 8 ns 

tpWH CONV Pulse Width, HIGH 10 10 ns 

VICM CONV Input Voltage, Common Mode -O.S -2.S -0.5 -2.S 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 

VRT-VRB Voltage Reference Differential 1.8 2.0 2.2 1.B 2.0 2.2 V 

VIN Input Voltage VRB VRT VRB VRT V 

TA Ambient Temperature 2 0 70 °C 

TC Case Temperature 2 0 100 -SS + 12S °C 

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 

lEE Supply Current VEEA. VEEO - MAX 
TA - DoC to 70°C 725 mA 

TA - 70°C 575 mA 

T C - -55°C to 125°C 850 mA 

TC - 12SoC 500 rnA 

IREF Reference Current VRT, VRB - NOM 10 35 10 40 mA 

RREF Total Reference Resistance 57 200 50 200 Ohms 

RIN Input Equivalent Resistance VRT, VRB - NOM, VIN - VRB 10 10 kOhms 

CIN Input Capacitance 160 160 pF 

ICB Input Constant Bias Current VEEA. VEEO - MAX, VIN - O.OV 750 1200 pA 

II Digital Input Current VEEA, VEED - MAX, VI - -O.7V 160 240 pA 

VOL Output Voltage, Logic LOW VEEA, VEED - NOM, IOL - Test Load 1 -1.6 -l.S V 

VOH Output Voltage, Logic HIGH VEEA. VEED - NOM, IOH - Test Load 1 -0.9S -1.1 V 

CI Digital Input Capacitance TA - 2SoC, F - lMHz 20 20 pF 

Note: 
1. Test load = 1.5 kOhms to -5.2V, C = 40pF. 
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Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

FS Maximum Conversion Rate VEEA. VEEO - MIN 50 50 MSPS 

tSTO Sampling Time Offset VEEA. VEEO - MIN 10 10 ns 

to Digital Output Oelay VEEA. VEEO - MIN. Load 1 17 18 ns 

tHO Digital Output Hold Time VEEA. VEEO - 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 

Ell Linearity Integral. Independent VRT. VRB - NOM 0.3 0.3 % 

ELO Linearity Differential 0.3 0.3 % 

Q Code Size VRT. VRB - NOM 15 185 15 185 % Nominal 

EOT Offset Error Top VIN - VRT +40 +45 mV 

EaTS Offset Error Top. Sensed +10 ±10 mV 

EOB Offset Error Bottom VIN - VRB -40 -45 mV 

EOBS Offset Error Bottom. Sensed -10 ±lS mV 

TCOS Offset Error Temperature Coefficient. 

Sensed 80 80 ,.MoC 

BW Bandwidth. Full Power Input 12.5 12.5 MHz 

tTA Transient Response. Full Scale Input Change 10 10 ns 

SNR Signal-to-Noise Ratio 20MHz Bandwidth. 

50MSPS Conversion Rate 

Peak SignaliRMS Noise 1.25MHz Input 53 53 dB 

5.34MHz Input 51 51 dB 

1O.0MHz Input 47 dB 

12.0MHz Input 47 dB 

RMS SignaliRMS 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. TDC1D25E1C Evaluation Board Schematic 
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Notes for Figure 6 

D 70 

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 50WVDC unless otherwise noted. 
5. All diodes are 1 N4148 unless otherwise noted. 
6. R58 is a quad 220/330 Ohm terminator SIP. 
7. Zl is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12 - 5. 
8. L 1 is a ferrite bead inductor, Fair- rite part number 2743001112. 

9. AGND pins on the TOClo25L 1 are: 46, 50, 55, 58. 
10. DGND pins on the TDClo25L1 are: 8, 28, 39, 64. 
11. VEEA pins on the TDClo25L 1 are: 13, 14, 16, 18, 20, 22, 23. 
12. VEED pins on the TDC1025Ll are: 7, 29. 
13. Values for components C5, R15, R62, RB5, RBB are determined during the 

manufacturing process. 
14. Component designators C32, R49, R57, R63, RB4, Jl are not used on the TDCl025E1C 

board. 
15. Components R3o, R31, R45, R47, R48, R54, R55, R59, RBo, 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 VIN 
pins, provide frequency stability and a balanced analog input to 
all portions of the comparator array. All eight VIN pins are 
connected together close to the device 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 AlD. 

The top reference, RT, is grounded, with the sense point, RTS, 
leh 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 

RI 44 
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Rz 47 
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RZ 48 
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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 to latch the data at the output. The data outputs are 
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 
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TDC1025 •. ~ ... 
Output Coding 

Binary Offset Two's 
Complement 

Step Range True Inverted True Inverted 

-2.0000V FS -2.0480V FS All Outputs 0, °2-°9 
7.8431 mV Step 8.000 mV Step Inverted Inverted In~erted 

000 O.OOOOV O.OOOOV 000000000 111111111 100000000 011111111 
001 -0.0078V -0.0080V 000000001 111111110 100000001 011111110 

• • • • • • • 
• • • • • • • 
• • • • • • • 
127 -0.9961V -1.0160V 011111111 100000000 111111111 000000000 
128 -1.0039V -1.0240V 100000000 011111111 000000000 111111111 
129 -1.0118V -1.0320V 100000001 011111110 000000001 111111110 

• • • • • · • 
· • • • • • • 
• • • • • • • 
254 -1.9921V -2.0392V 111111110 000000001 011111110 100000001 
255 -2.0000V -2.0400V 111111111 000000000 011111111 100000000 

Note: 
1. Voltagas ara coda midpoints after calibration. 

2. Any output may be inverted by interchanging connections to the true IONI and complement IONI output pins. 

Calibration 

To calibrate the TOC1025, adjust VRT and VRB to set the 1st 
and 255th thresholds to the desired voltages. Note that Rl 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 (112 LSB from OVI on the analog 
input, and adjust VRT for output toggling between codes 00 
and 01. Then apply -1.996V (112 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 EOB. 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 Rl and R2 in the Functional Block 

D72 

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 RB, are driven by buffered operational 
amplifiers. Instead of adjusting VRT, RT can be connected 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 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 5. 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1025C1C STD- TC - ODC to BODC Commercial 6B Contact Chip Carrier 1025C1C 

TDC1025C1G STD- TC - DoC to BOaC Commercial With Burn -In 68 Contact Chip Carrier 1025C1G 

TDC1025C1F EXT - T C - -55°C to 125°C Commercial 68 Contact Chip Carrier 1025C1F 

TDC1025C1A EXT - T C - -55°C to 125°C High Reliability 1 68 Contact Chip Carrier 1025C1A 

TDC1025L1C STD- TC - ODC to BODC Commercial 68 leaded Chip Carrier 102511C 

TDC1025L1G STD-T C - ODC to 80DC Commercial With Burn-In 68 Leaded Chip Carrier 102511G 

TDC1025L1F EXT-TC - -55°C to 125°C Commercial 68 Leaded Chip Carrier 1025L1F 

TDC1025L1A EXT - TC - -55°C to 125°C High Reliability 1 68 Leaded Chip Carrier 1025L1A 

Note: 
1. Per TRW document 70Z01757. 

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. 

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TDC1027 

Monolithic Video AID Converter 
7-bit,18MSPS 

• 1/2 LSB Linearity The TRW TDC1027 is an 18 MegaSample Per Second (MSPSI 
full- parallel (flashl analog -to - digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 5MHz into 7 -bit digital words. A 

• Sample -And - Hold Circuit Not Required 

sample -and - hold circuit is not necessary. All digital inputs and 
outputs are TTL compatible. 

• TTL Compatible 
• 18MSPS Conversion Rate 
• Selectable Output Format 
• Available In 24 Lead DIP or CERDIP 

The TDC1027 consists of 127 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 TDC1047 for new 
designs. 

Features 

• 7 - Bit Resolution 

• Low Cost 

Applications 

• Low - Cost Video Digitizing 
• Medical Imaging 
• Data Acquisition 
• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

Functional Block Diagram NMINV).-----------------, 
NliNV }----------------, 
CONY }----------...---+-+-t------, 

Y,N r-;:::===;----;::::=t---+_, 
RT 

LSI Products Division 
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Functional Block Diagram 

Pin Assignments 

D 76 
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VIN r:~~=;_-r=T_--h 
RT ~ 

• • • 
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0GNO 4 

NMINV 5 
(MSB) 01 6 

02 7 
03 8 
04 9 

Vee 10 
VEE 11 

AGNO 12 

[QJ \..J 

• • • 

~ 
0 

ENCODER 

24 VIN 
23 RB 
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15 NLiNV 

14 VEE 
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Functional Description 

General Information 

The TOC1027 has three functional sections: a comparator array, 
encoding logic, and output latches. The comparator array 
compares the input signal with 127 reference voltages to 
produce an N-of-127 code (sometimes referred to as a 
"thermometer" code, as all the comparators below the signal 
will be on, and all those above the signal will be off). The 

Power 

The TOC1027 operates from two supply voltages, + S.OV and 
-S.2V. The return for ICC, the current drawn from the +S.OV 
supply, is DGND. The return for lEE, the current drawn from 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGNO Analog Ground 

Reference 

The TDC1027 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. VRS (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 +O.lV and -2.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain (VRT- VRS) 
must be between O.8V and 1.2V. The nominal voltages are VRT 

Name Function 

RT Reference Resistor (Top) 

RB Reference Resistor (Bottom) 

Controls 

Two function control pins, NMINV and NLiNV are provided. 
These controls are for DC Ii.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 

Name Function 

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. 

the -S.2V supply, is AGND. All power and ground pins must 
be connected. 

Value J7, B7 Package 

+5.0V Pins 10, 16 

-5.2V Pins 11, 14 

O.OV Pins 4, 21 

O.OV Pins 3, 12, 13, 22 

= O.05V and VRS = -1.04V. These voltages may be varied 
dynamically up to SMHz. 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 AGC circuit), a low-impedance reference source is 
required. 

Value J7, B7 Package 

O.OV Pin 2 
-1.0V Pin 23 

Output Coding table given on page 8. These pins are active 
LOW as signified by the prefix "N" in the signal name. They 
may be tied to VCC for a logic "1" and DGND for a logic "0." 

Value J7. B7 Package 

NMINV Not Most Significant Bit INVert TIL Pin 5 

NLINV Not Least Significant Bit INVert TIL Pin 15 

LSI Products Divison 
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Convert 

The TOC1027 requires a CONVert (CONVI signal. A sample is 
taken (the comparators are latchedl approximately 10ns after a 
rising edge on the CONV pin. This time is tSTO, 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 100 
picoseconds. The 127 to 7 encoding is performed on the falling 

Name Function 

CONV Convert 

Analog Input 

The TOC1027 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 impedance of the 
driving device must be less than 25 Ohms. The input signal 
will not damage the TOC1027 if it remains within the range of 
VEE to +O.5V. If the input signal is between the VRT and VRB 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1027 are TTL compatible, and capable 
of driving four low-power Schottky TTL (54/74 LSI unit loads 
or the equivalent. The outputs hold the previous data a 

Name Function 

01 MSB Output 

02 

03 

04 

Os 

06 

07 LSB Output 

D 78 

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 (tHoI after the rising edge 
of the CONVert signal. This 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 TOC1027 is taking input sample N + 2. 

Value J7. B7 Package 

TIl Pin 20 

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. Both analog input pins must be connected through 
individual 10 Ohm resistors to the input driver. 

Value J7. B7 Package 

OV to -1V Pins 1, 24 

minimum time (tHoI after the rising edge of the CONV signal. 
For optimum performance, 2.2 kOhm pull-up resistors are 
recommended. 

Value J7. B7 Package 

TIl Pin 6 

TIL Pin 7 

TIL Pin 8 

TIL Pin 9 

TIL Pin 17 

TIL Pin 18 

TIL Pin 19 

LSI Products Divison 
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Figure 1. Timing Diagram 
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Figure 2. Simplified Analog Input Equivalent Circuit 
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Figure 4. Output Circuits 
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Absolute maximum ratings Ibeyond which the device will be damagedl 1 

Supply Voltages 

VCC (measured to 0GNO' ............................................................................................................................................................................................. 0.0 to + 7.0V 

VEE (measured to AGNO) .............................................................................................................................................................................................. 0.0 to -7.0V 

AGNO (measured to 0GNO) ...................................................................................................................................................................................... -1.0 to + 1.0V 

Input Voltages 

CONY, NMINV, NLiNV (measured to 0GNO) ......................................................................................................................................................... -0.5 to +5.5V 

VIN' VRT' VRB (measured to AGNO) ........................................................................................................................................................................ +0.5 to VEEV 

VRT (measured to VRB) .................................................................................................................................... : ........................................................ +2.2 to -2.2V 

Output 

Applied voltage (measured to 0GNO) ....................................................................................................................................................................... - 0.5 to 5.5V 2 
Applied current, externally forced ..................................................................................................................................................................... -1.0 to 6.0 mA 3,4 

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

Temperature 

Operating, ambient .................................................................................................................................................................................................... -60 to + 140°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 

Temperatura Range 
Standard 

Parameter Min Nom Max Units 

VCC Positive Supply Voltage (Measured to 0GNO) 4.75 5.0 5.25 V 

VEE Negative Supply Voltage (Measured to AGNO) -4.9 -5.2 -5.5 V 

VAGNO Analog Ground Voltage (Measured to 0GNO) -0.1 0.0 0.1 V 

tpWL CONY Pulse Width, LOW 24 ns 

tpWH CONY Pulse Width, HIGH 2B ns 

VIL Input Voltage, Logic LOW O.B V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOL Output Current, Logic LOW 4.0 mA 

IOH Output Current, Logic HIGH -400 fJA 

VRT Most Positive Reference Input 1 -1.1 0.0 0.1 V 

VRB Most Negative Reference Input 1 -0.9 -1.0 -2.1 V 

VRT-VRB Voltage Reference Oifferential O.B 1.0 1.2 V 

VIN Input Voltage VRB VRT V 

TA Ambient Temperature, Still Air a 70 °c 

Note: 

1. VRT Must be more positive than VRS' and voltage reference differential must be within specified range. 

LSI Products Divison 
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III1~rlfI 

Electrical characteristics within specified oporating conditions 

Temporaturo Ranoa 
Standard 

Paramoter Tost Conditions Min Max Units 

Ice PositiVI Supply Current Vce • MAX, static 1 40 mA 

leE NegativD Supply Current VeE • MAX, static 1 
TA • ogc to 70°C -275 mA 
TA· WC -180 mA 

IREF Reference Current VRT, VRB • NOM 5.0 30 mA 

RREF Total RsfDrenca ResistancD 30 200 Ohms 

RIN Input Equivalent ResistancD VRT, VRS • NOM, VIN • VRB 5.0 kOhms 

CIN Input Capacitance 100 pF 

ICB Input Constant Bias Current VEE· MAX 200 ~A 

III Input Currant, logic lOW VCC • MAX, VI • 0.5V 
NllNV -2.4 mA 
ClK, NMINV -2.0 mA 

IIH Input Current, logic HIGH Vec • MAX, VI • 2.4V 100 ~A 

II Input Current, Max Input Voltage VCC • MAX, VI • 5.5V 1.0 mA 

VOL Output Voltage, logic lOW Vec • MIN, 10L • MAX 0.5 V 

VOH Output Voltage, Logic HIGH VCC • MIN, 10H • MAX 2.4 V 

lOS Short Circuit Output Current VCC • MAX, Output HIGH, one pin to ground, -25 mA 
one second duration. 

CI Digital Input Capacitance TA - 25°e, 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 VCC - MIN, VEE - MIN 18 MSPS 

tSTO Sampling Time Offset Vec - MIN, VEE - MIN 0 15 ns 

to Output Oelay VCC - MIN, VEE - MIN, load 1 35 ns 

tHO Output Hold Time Vee - MIN, VEE - MIN, Load 1 10 ns 

LSI Products Divison 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ELI linearity Error Integral, Independent VRT, VRB - NOM 0.4 % 

ELO linearity. Error Differential 0.4 % 

a Code Size VRT, VRB - NOM 3D 170 % Nominal 

EOT Offset Error Top VIN - VRT 45 mV 

EOB Offset Error Bottom VIN - VRB -35 mV 

TCO Offset Error Temperature Coefficient ±4D J,lVloC 

BW Bandwidth, Full Power Input 5 MHz 

tTR Transient Response, Full Scale 30 ns 

SNR Signal- to - Noise Ratio 5MHz Bandwidth, 

18MSPS Conversion Rate 

Peak SignaliRMS Noise 1.24BMHz Input 4B dB 

2.438MHz Input 47 dB 

RMS Signal/RMS Noise 1.24BMHz Input 39 dB 

2.438MHz Input 38 dB 

NPR Noise Power Ratio DC to BMHz White Noise 

Bandwidth 3D dB 

4 Sigma Loading 

1.24BMHz Slot 

lBMSPS Conversion Rate 

EAP Aperture Error 50 ps 

Output Coding 

Binary Offset Two's 
Complement 

Step Range True Inverted True Inverted 

-1.0000V FS -1.01BOV FS NMINV - 1 0 0 1 

7.B74 mV STEP 8.000 mV STEP NLiNV - 1 0 1 0 

000 O.OOOOV O.OOOOV 0000000 1111111 1000000 0111111 

001 -0.007BV -O.OOBOV 0000001 1111110 1000001 0111110 

· · · · · · • 
· · · · • · · · · · · · · • 
127 -1.0000V -1.01BOV 1111111 0000000 0111111 1000000 

Note: 

1. Voltages are code midpoints when calibrated using the procedure given on page 9. 

LSI Products Oivison 
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Calibration 

To calibrate the TOel027, adjust VRT and VRB to set the 1st 
and 127th thresholds to the desired voltages. Note that Rl is 
greater than R, ensuring calibration with a positive voltage on 
RT- Assuming a OV to -lV desired range, continuously strobe 
the converter with - 0.0039V on the analog input, and adjust 
VRT for output toggling between codes 00 and 01. Then apply 

Figure 5. Typical Interface Circuit 

+5V 

-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. RB 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 

D 84 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1027J7C STD-T A - O°C to 70°C Commercial 24 lead DIP 1027J7C 

TDC1027J7G STD- TA - O°C to WC Commercial With Burn-In 24 lead DIP 1027J7G 

TDC1027B7C _ STD-T A - O°C to 70°C Commercial 24 lead CEROIP 102787C 

TDC1027B7G STD-T A - O°C to 70°C Commercial With Burn-In 24 lead CEROIP 1027B7G 

Notes: 
1. Per TRW document 70Z01757. 

2. TRW recommends the use of the TDC1047 for new designs. 

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. 

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

LSI Products Divison 
TRW Electronic Components Group 



TDC1029 
Preliminary Information 

Monolithic AID Converter 
6-bit, 100MSPS 

The TRW TOC1029 is a 100 MegaSample Per Second (MSPSI 
fully - parallel (fIashl 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 TOC1029 consists of 63 latching comparators, combining 
logic, and an output register. A differential convert (CoNVI 
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. 

The device is offered in two packages, a 24 lead DIP and a 
28 lead DIP. The only difference between these packages is 
that the midpoint taps are available when using the 28 lead 
DIP. 

Features 

• 6 - Bit Resolution 
• 100MSPS Conversion Rate 

• 50MHz Input Bandwidth 

• low Cost 
• 1/2 lSB linearity 
• Sample - And - Hold Circuit Not Required 

• lV 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 24 Or 28 lead DIP 
• Evaluation Board - TDC1029E1C 

Applications 

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

Functional Block Diagram CONY)------....--....-------, 

LSI Products Division 

yiN 

RT 

TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

I3TOI 
ENCOOER 

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

CONY r-------....----....-------, 
yiN 

RT 

RS 

Pin Assignments 

VEEA IQ] \J 28 OstLSB) 

VEEO 2 27 05 
RB 3 26 04 

°GNO 4 250GNO 
VIN 5 24 VEEA 

AGNO 6 23 RM3 
CONY 7 2Z NC 
RM2 8 21 RM1 

CONY 9 20 VEEA 
AGNO 10 19 0GNO 

VIN 11 1803 
0GNO 12 17 02 

RT 13 16 0, (MSB) 

VEEO 14 15 D1 (MSB) 

28 Lead DIP - J6 Package 

D 86 

63106 
ENCODER 

LATCH 

VEEO [QJ \J 
24 VEEA 

RB 2 23 06 (LSB) 

°GNO 3 2Z 05 
VIN 4 21 04 

AGND 5 20 0GNO 
CONY 6 19 VEEA 
CONY 7 18 VEEA 
AGNO 8 17 0GNO 

VIN 9 1603 
0GNO 10 15 02 

RT 11 14 0, (MSB) 

VEEO 12 13 D1 (MSB) 

24 Lead DIP - J7 Package 

LSI Products Division 
TRW Electronic Components Group 
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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 lsometimes referred to as a 
"thermometer" code, as all the comparators biased more 

Power 

The TOC1029 operates from separate analog and digital power 
supplies, VEEA and VEED. 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 

Name Function 

VEEA Analog Supply Voltage 

VEED Digital Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Thermal Design 

The TOC1029 has thermal characteristics similar to other 
high - performance ECl devices and is rated for a maximum 
ambient temperature of 70°C. For ambient temperatures above 

Reference 

The TDC1029 comes in two different packages. In the 24 lead 
DIP the reference voltage is applied between RT and RS. 
TOC1029 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. In the 28 lead DIP package 
three additional reference points are provided. These reference 
points can either be used to help improve the integral linearity 
to a level beyond that listed for non -corrected integral 
linearity, ELI, or the user may find other uses for the added 
taps as shown in the Applications section. The voltage applied 
across the reference resistor chain IVRT - VRS) must be 
between O.9V and 1.1V. VRB (the voltage applied to the pin at 
the bottom of the reference resistor chainl and VRT lthe 

Name Function 

RT Reference Top 

RMI 1/4 Scale Tap 

RM2 112 Scale Tap 

RM3 314 Scale Tap 

RB Reference Bottom 

LSI Products Division 
TRW Electronic Components Group 

positive than the input signal will be on, and all the rest will 
be off.l The encoding logic converts the N - of - 63 code into 
binary data, with the complement of the MSS available for 
offset two's complement output format. The output latch holds 
the output data constant between updates. 

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. 

Value J7 Package J6 Package 

-5.2V 18, 19, 24 1, 20, 24 

-5.2V 1, 12 2, 14 

O.OV 3, 10, 17, 20 4, 12, 19, 25 

O.OV 5, 8 6, 10 

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. 

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 25M Hz. Due to slight variations in 
the reference current with changes in clock and input signals, 
RT and RB should be low-impedance points. For circuits in 
which the reference is not varied, a bypass capacitor to AGND 
is recommended. If the reference inputs are varied dynamically 
(as in an AGC circuit), a low - impedance reference source is 
required. 

Value J7 Package J6 Package 

-0.30V 11 13 

-0.55V NIA 21 

-0.80V NIA 8 

-1.05V NIA 23 

-1.30V 2 3 

D 87 



TDC1029 

Convert 

The TDC1029 requires a differentiel ECl CONVert ICONVI signal. 
A sample is taken Ithe comperators are latchedl 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 e minimum time 

Nama Function 

CONV Convert 
mw Convert Complement 

Analog Input 

The TDC1029 usas latching comparators which cause the input 
impedance to vary slightly with the signal level. For optimel 
performance, the sourca impedence driving the device must be 
less than 25 Ohms, The input signal will not de mage the 
TDC1029 if it remains within the range of +Q,5V to VEEA, If 
the input signal is between the VRT and VRS references, the 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1029 are ECl compatible. Outputs 02-6 
are single-ended, while the MSB 1011 is differential. Offset 
two's complement format is available by cross-wiring the 

Name Function 

°1 MSB Output Complement 

°1 MSB Output 

D2 

°3 
°4 
°5 
DS LSB Output 

D 88 

-~ ... I', •• 

(tHol after the rising edge of the CONVert signal. New data 
becomes valid aftar a maximum delay time to, Both convert 
inputs must be connected, with CONV being the complement 
of ccrnv. 

Valua J7 Package JB Package 
ECl 7 9 
ECl B 7 

output will be a binary number between Q 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. 80th analog 
input pins MUST be connected through 15 Ohm resistors as 
shown in the Typical Interface Circuit. 

Value J7 Package JB Package 

See Text 4, 9 5, 11 

MSB, I.e. interchanging 01 and 0" The outputs should be 
terminated with a 100 Ohm lor greaterl impedance into e 
- 2.0V source. 

Value J7 Package J6 Package 

ECl 13 15 
ECl 14 16 
ECL 15 17 

ECl 16 18 
ECL 21 26 
ECL 22 27 
ECL 23 28 

LSI Products Division 
TRW Electronic Components Group 
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Figure 1. Timing Diagram 

_ ~.!.. "I" 'PWH ---j-'PWlj I CO~""\I/_FSr- __ ""\' -\Ir---""'\' r----y:--
CON!..l\.. __ ...IX x

l
'-_ - ...I~I "'1'- - - ...IX 1'----

SAMPLE SAMPLE SAMPLE 

ANALOG INPUT 
N N+l N+2 

DIGITAL OUTPUT I 
------~~~~~~----~~~~~~------~~~~~~----~~ 

Figure 2. Simplified Analog Input Equivalent Circuit 

Figure 3. Convert Input Equivalent Circuit 

- ..... ---e~---- DGND 

CONV o---t--4 

- ..... ---e----- VEED 

LSI Products Division 
TRW Electronic Components Group 

CIN = Cl + C2 13pF NOMINAL 
20pF MAXIMUM 

Cl = NON-LINEAR JUNCTION CAPACITANCE 

C2 = VIN LINEAR CAPACITANCE 

VRS IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN RS 

Figure 4. Output Circuits 

~DGND 

--~~ATA 
OUTPUT ,-----4.------, 

OUTPUT EQUIVALENT CIRCUIT 

FROM 
OUTPUT [1--...... - ...... 
PIN 

LOAD 1 
TEST LOAD FOR DELAY 
MEASUREMENTS 

DGND 

100 } 
lOOn TO -2V 
EQUIVALENT 

262 

VEED 
(-5.2Vl 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltages 

VEED (measured to DGND) .......................................................................................................................................................................................... 0.5 to -7.0V 

VEEA (measured to AGND) ........................................................................................................................................................................................... 0.5 to -7.0V 

AGND (measured to DGND) .......................................................................................................................................................................................... 1.0 to -1.0V 

VEEA (measured to VEED) ............................................................................................................................................................................................. 0.5 to -0.5V 

Input Voltages 

CONY, CONY (measured to DGND) ......................................................................................................................................................................... +0.5 to VEEDV 

VIN, VRT' VRB (measured to AGND) ...................................................................................................................................................................... +0.5 to VEEAV 

VRT (measured to VRB) ............................................................................................................................................................................................. + 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 (10 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 

Temperature Range 
Standard 

Parameter Min Nom 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 DGND) -0.1 0.0 0.1 V 

tpWl CONY Pulse Width, lOW 3 4 ns 

tpWH CONY Pulse Width, HIGH 5 6 ns 

VICM CONY Input Voltage, Common Mode Range (Figure 6) -0.5 -2.5 V 

VIOF CONY Input Voltage, Differential (Figure 6) 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 Temperature 2 0 70 °C 

Notes: 
1. VAT must be more positive than VAB' and voltage reference differential must be within specified range. 

2. 500 LJ.P.M. moving air required above 40°C. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 

Standard 

Parameter Test Conditions Min Max Units 

IEEA +IEED Supply Current VEEA, VEED - MAX 
T A - DoC to 70°C -375 mA 

TA - 70°C -300 mA 

IAEF Aeference Current VAT, VAB - NOM 10 35 mA 

AAEF Total Aeference Resistance 29 100 Ohm 

AIN Input Equivalent Aesistance VAT, VAB - NOM, VIN - VRB, VEE - MAX 6 kOhm 

CIN Input Equivalent Capacitance VAT, VAB - NOM, VIN - VAB 20 pF 

ICB Input Constant Bias Current VEEA' VEED ~ MAX, VIN - -0.3V 500 /i A 

II Input Current VEEA' VEED - MAX, VI - -0.5V 250 /i A 

I VOL Output Voltage, Logic LOW VEEA, VEEO - NOM, Test Load 1 -1.650 V 

VOH Output Voltage, Logic HIGH VEEA' VEED - NOM, Test Load 1 -0.950 V 

CI 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 Aate VEEA' VEEO - MIN 100 MSPS 

tSTO Sampling Time Offset VEEA, VEEO - MIN a 6 ns 

to Output Delay VEEA' VEEO - MIN, Load 1 7 ns 

tHO Output Hold Time VEEA' VEED - MIN, Load 1 1.5 ns 

LSI Products Division 
TRW Electronic Components Group D 91 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ELI Linearity Error Integral, Terminal Based VAT, VAB - NOM ±O.B % 

ELO Linearity Error Differential ±O.B % 

Q Code Size VAT, VAB - NOM 50 150 % Nominal 

EDT Offset Error Top VIN - VAT 20 mV 

EOB Offset Error Bottom VIN - VAB -B mV 

TCO Offset Error Temperature Coefficient ±35 p,V/oC 

BW Bandwidth, Full Power Input 1 FS - 100MSPS 50 MHz 

tTA Transient Aesponse, Full-Scale Input Change 6 ns 

SNA Signal- To - Noise - Aatio 2 100MSPS Conversion Aate 

Peak Signai/AMS Noise 25MHz Input 42 dB 

50MHz Input 39 dB 

AMS Signai/AMS Noise 25MHz Input 33 dB 

50MHz Input 30 dB 

EAP Aperture Error 30 ps 

Notes: 
1. Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpWH - 6ns. 

2. Single frequency sinusoidal input attenuated 3dB at 1/2 sampling frequency lanti -alias prefilter!. 

Output Coding 1 

Step Range Binary Offset Two's Complement 
-1.3000V FS -1.30BOV FS 

15.B730mV STEP 16.0000mV STEP MSB LSB MSB LSB 

00 -0.3000V -0.3000V 000000 100000 

01 -0.3159V -0.3160V 000001 100001 

· · · · · · · · · · · · · · · 31 -0.7921V -0.7960V 011111 111111 

32 -0.B079V -0.BI20V 100000 000000 

33 -0.B23BV -0.B2BOV 100001 000001 

· · · · · · · · · · · · · · · 
62 -1.2B41V -1.2920V 111110 011110 

63 -1.3000V -1.30BOV 111111 011111 

Note: 

1. Voltages are code midpoints after calibration. 

LSI Products Division 
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Figure 5. CONVert, CONVert Switching Levels 

.-~.-. I.,." 

O.OV 

,- -- -- -- -- -- -- -- --- VICM MIN , , , 
" , " , , , --------,-,------ -1.3V 

" , " , CONY '" ---""\X __ -
VICM MAX - - - -- -- - " • \00. ----

Calibration 

To calibrate the TDC1029, adjust VRT and VRS to set 1st and 
63rd thresholds to the desired voltages. Assuming a - 0.3V to 
-1.3V desired range, continuously strobe the converter with 
-0.3079V 11/2 LSS from -0.300VI on the analog input, and 
adjust VRT for output toggling between codes 00 and 01. Then 
apply -1.2921V 11/2 LSS from -1.300VI and adjust VRS for 

Figure 6. Typical Interface Circuit 

LSI Products Division 
TRW Electronic Components Group 

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. 

CLK 

-- -r.-'" 

AU 
7170 
1% 

RII CII 
2180 "f I~ 35Y 

-SlY 

ALL RESISTORS 1/4W. 5% VALUES IN n 
ALL CAPS IN /-IF 
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Typical Interface Circuit 

Figure 6 shows an example of a typical interface circuit for 
the TDC1029. The analog input is AC coupled with a 1,uF non 
polar capacitor, then offset by -O.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 type operational amplifiers configured as inverting 
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 IFigures 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 --i 1--J\I'\,I\,-........ --4 

TDC10Z9J6 

L...--'VVI.r-----1 RZM 

Figure 9. Piecewise Linear Transfer Function 

-~ ... .. , .. 
adjus~ble 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 by the TDC1029 is latched with a 
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 >---+-----1"....... -O.JV 
>---"-~RT 

~-"'----1 R'M 

TDC10Z9J6 

>-...... ----t RZM 

RB >--...... ---I~-.---1.J-V -t R4M 

'-----....I 

63~----------------------~ 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1029J7C STD- TA - O°C to 70°C Commercial 24 Lead DIP 1029J7C 

TDC1029J7G STD-T A - O°C to 70°C Commercial With Burn-In 24 Lead Dip 1029J7G 

TDC1029J6C STD- TA - O°C to 70°C Commercial 28 Lead DIP 1029J6C 

TDC1029J6G STD- TA - O°C to 70°C Commercial With Burn-In 28 Lead DIP 1029J6G 

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. 

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

LSI Products Division 
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TDC1044 
Preliminary Information 

Monolithic Video AID Converter 
4-bit, 25MSPS 

Features 

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

The TRW TDC1044 is a 25 MegaSample Per Second (MSPSI 
fully parallel analog -to - digital converter, capable of converting 
an analog signal with full- power frequency components up to 
12.5MHz into 4-bit digital words. Use of a sample-and-hold 
circuit is not necessary for operation of the TDC1044. All 
digital inputs and outputs are TTL compatible. 

• Sample-And-Hold Circuit Not Required 

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 

• 25MSPS Conversion Rate 
• Selectable Output Format 
• Available In A 16 Lead DIP 

Applications 

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

NMINV>-----------------, 

NLlNV>----------------. 

CONY >----------__.-----+-+--+-------. 
VIN )-------;::~ __ ........... 

RT 

RM 

R2 

REFERENCE 
RESISTOR 
CHAIN 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

DIFFERENTIAL 
COMPARATORS (15) 

• • 
15 TO 4 
ENCODER 

• • 

Phone: 16191 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

°1-4 

©TRW Inc. 1985 
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Functional Block Diagram 
NMINV 
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Pin Assignments 
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DIFFERENTIAL 
COMPARATORS (15) 

AGND 1 16 CONY 

VIN 2 15 D4 (LSB) 
NC 3 14 D3 
RT 4 13 D2 
RB 5 12 D1 (MSB) 

VEE 6 11 DGND 
NLiNV 7 10 VCC 

RM 8 9 NMINV 

16 Lead DIP - J9 Package 
16 Lead Plastic DIP - N9 Package 
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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 

Power 

The TDC1044 operates from two power supply voltages, +5.0V 
and -5.2V. The return for ICC (the current drawn from the 
+5.0V supplyl is DGND. The return for lEE Ithe current drawn 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDC1044 converts analog signals in the range 
VRS ~ VIN ~ VRS into digital form. VRS (the voltage 
applied to RS at the bottom of the reference resistor chainl 
and VRT (the voltage applied to RT at the top of the reference 
resistor chain I should be between +O.1V and -1.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain (VRT -
VRSI must be between O.4V and 1.3V. The nominal voltages 
are VRT = O.OOV and VRS = -1.00V. These voltages may be 
varied dynamically up to 10M Hz. Due to slight variation in the 
reference currents with clock and input signals, RT and RS 
should be low-impedance points. For circuits in which the 

Name Function 

RT Reference Resistor Top 

RM Reference Resistor Middle 

RB Reference Resistor Bottom 

LSI Products Division 
TRW Electronic Components Group 

those referred to voltages more negative than the input signal 
will be on I. 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. 

from the -5.2V supplyl is AGND. All power and ground pins 
must be connected. 

Value J9, N9 Package 

+5.0V Pin 10 

-5.2V Pin 6 

O.OV Pin 11 

O.OV Pin 1 

reference is not varied, a bypass capacitor to ground is 
recommended. If the reference inputs are varied dynamically 
(as in an Automatic Gain Control circuitl, 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. 

Value J9, N9 Package 

O.OOV Pin 4 

-O.5V Pin B 

-1.00V Pin 5 
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Controls 

Two function control pins, NMINV and NLiNV are provided. 
These controls are for DC (i.e. steady state I 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 

Name Function 

Output Coding Table. These pins are active LOW as signified 
by the prefix "N" in the signal name. They may be tied to 
VCC for a logic "1" and 0GNO for a logic "0." 

Value J9, N9 Package 

NMINV Not Most Significant Bit INVert TIL Pin 9 
NliNV Not Least Significant Bit INVert TIL Pin 7 

Convert 

The TDC1044 requires a CONVert (CONVI signal. A sample is 
taken (the comparators are latched I within tSTO 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 

Name Function 

CONV Convert 

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 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1044 are TTL compatible, and capable 
of driving four low-power Schottky TTL (54/74 LSI 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 

Name Function 

data a minimum time (tHol after the rising edge of the CONV 
signal. New data becomes valid after a maximum delay time, 
to· 

Value J9, N9 Package 

TIL Pin 16 

input signal is at a voltage between VRT and VR8, the output 
will be a binary code between 0 and 15 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. 

Value J9, N9 Package 

OVto -IV Pin 2 

maximum delay time (tol after the rising edge of CONV. For 
optimum performance, 2.2 kOhm pull- up resistors are 
recommended. 

Value J9, N9 Package 

°1 Most Significant Bit Output TTL Pin 12 

°2 
°3 
°4 Least Significant Bit Output 

No Connects 

Pin 3 of the TOC1044 is labeled No Connect (NCI, and has no 
connection to the chip. Connect this pin to AGNO for best 
noise performance. 

Name Function 

NC No Connect 
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TTL Pin 13 
TIL Pin 14 
TTL Pin 15 

Value J9, N9 Package 

Pin 3 
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Figure 1. Timing Diagram 
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Absolute maximum ratings (beyond which the device may be damagedl 1 

Supply Voltages 
vee (measured to 0GNO) .......................................................................................................................................................................................... -0.5 to +7.0V 

VEE (measured to AGNO) ........................................................................................................................................................................................... +0.5 to -7.0V 

AGNO (measured to 0GNO) ...................................................................................................................................................................................... -0.5 to +0.5V 

Input Vohages 
eONV, NMINV, NLINV (measured to 0GNO) ......................................................................................................................................................... -0.5 to +5.5V 

VIN, VRT, VRB (measured to AGNO) ........................................................................................................................................................................ +0.5 to VEEV 

VRT (measured to VRB) ............................................................................................................................................................................................. -2.2 to +2.2V 

Output 
Applied voltage (measured to 0GNO) ................................................................................................................................................................... -0.5 to +5.5V2 

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, ambient .................................................................................................................................................................................................... -55 to + 125°C 

junction .................................................................................................................................................................................................................... + 150°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 lange. 

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 

Parameter Min Nom Max Units 

Vee Positive Supply Voltage (Measured to 0GNO) 4.75 5.0 5.25 V 

VEE Negative Supply Voltage (Measured to AGNO) -4.9 -5.2 -5.5 V 

VAGNO Analog Ground Voltage (Measured to 0GNO) -0.1 0.0 0.1 V 

tpWL CONV Pulse Width, lOW 17 ns 

tpWH eONV Pulse Width, HIGH 17 ns 

Vll Input Voltage, logic LOW 0.8 V 

VIH Input Voltage, logic HIGH 2.0 V 

10l Output Current, logic lOW 4.0 mA 

10H Output Current, logic HIGH -400 J.lA 

VRT Most Positive Reference -1.9 0.0 0.1 V 

VRB Most Negative Reference -2.1 -1.0 -0.1 V 

VRT-VRB Reference Oifferential 0.2 1.0 2.0 V 

VIN Input Voltage VRB VRT V 

TA Ambient Temperature, Still Air 0 70 °e 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current VCC - MAX, static 1 25 rnA 

lEE Negative Supply Current VEE - MAX, static 1 

T A - O°C to 70°C -50 rnA 

TA - 70°C -35 rnA 

IREF Reference Current VRT, VRB - NOM 2 rnA 

RREF Total Reference Resistance 500 Ohms 

RIN Input Equivalent Resistance VRT' VRB - NOM, VIN - VRB 300 kOhms 

CIN Input Capacitance 25 pF 

ICB Input Constant Bias Current VEE - MAX 25 fJ,A 

III Input Current, logic lOW VCC - MAX, VI - 0.5V CONV -0.4 rnA 
NMINV, NliNV -0.6 rnA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 50 fJ,A 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 rnA 

VOL Output Voltage, Logic LOW VCC - MIN, IOl - MAX 0.5 V 

VOH Output Voltage, logic HIGH VCC - MIN, IOH - MAX 2.4 V 

lOS Short Circuit Output Current VCC - MAX, One pin to ground, one second -30 rnA 

duration, Output HIGH. 

CI 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 VCC - MIN, VEE - MIN 25 MSPS 

tSTO Sampling Time Offset VCC - MIN, VEE - MIN 10 ns 

tD Digital Output Delay VCC - MIN, VEE - MIN, load 1 30 ns 

tHO Digital Output Hold Time VCC - MAX, VEE - MAX, load 1 5 ns 

LSI Products Division 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ELI Linearity Error Integral, Independent VRB - NOM 1.6 % 

ELD Linearity Error Differential 1.6 % 

CS Code Size VRT' VRB - NOM 75 125 % Nominal 

EDT Offset Error Top VIN - VRT +30 mV 

EOB Offset Error Bottom VIN - VRB +40 mV 

TCO Offset Error Temperature Coefficient ±20 /iV/oC 

BW Bandwidth, Full Power Input 12.5 MHz 

tTR Transient Response, Full Scale 10 ns 

EAP Aperture Error 30 ps 

Output Goding 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 0000 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 0011 
-0.333V 0101 1010 1101 0010 

-0.400V 0110 1001 1110 0001 

-0.467V 0111 1000 1111 0000 

-0.533V 1000 0111 0000 1111 

-0.600V 1001 0110 0001 1110 

-0.667V 1010 0101 0010 1101 
-0.733V 1011 0100 0011 1100 
-O.BOOV 1100 0011 0100 1011 
-0.B67V 1101 0010 0101 1010 

-0.933V 1110 0001 0110 1001 

-1.000V 1111 0000 0111 1000 

Note: 
1. Input voltages are at code centers. 
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Calibration 

To calibrate the TOC1044, adjust VRT and VRS to set the 1st 
and 15th thresholds to the desired voltages. Assuming a OV to 
-lV desired range, continuously strobe the converter with 
-0.0033V 11/2 LSS from O.OOOVI on the analog input, and 
adjust VRT for output toggling between codes 0000 and 0001. 
Then apply -0.967V 11/2 LSS from -1.000VI and adjust VRS 

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 1 < 100 Ohmsl 
connected to the VIN 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 6 shows a simple amplifier and voltage reference circuit 
that may be used with the device. U2 is a wide -band 
operational amplifier with a 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 TOC1044 is generated by amplifier U3. System 

LSI Products Division 
TRW Electronic Components Group 

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. 

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 R 1 and R2. Formulas for calculating 
values for these input resistors are: 

and 

R1 = 

(g:) - lriOO 

I. 1000 Rl ) 
R2 = ZIN - \1000 + R1 

where VR is the input voltage range of the circuit, ZIN 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 
1 Volt p-p 75 Ohm video input. 
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Figure 5. Typical Interface Circuit 
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Ordering Information 

D 106 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1D44J9C STD-T A - DOC to 7DDC Commercial 16 Lead DIP l044J9C 

TDC1D44J9G STD-T A - DOC to 7DDe Commercial With Burn-In 16 Lead DIP l044J9G 

TOC1D44N9C STD-TA - DOC to 7DDC Commercial 16 Lead Plastic DIP 1044N9C 

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. 

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TDC1046 
Preliminary Information 

Monolithic Video AID Converter 
6-bit, 25MSPS 
The TRW TDC1046 is a 25 MegaSample Per Second (MSPS) 
full- parallel (flash) 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. 

The TDC1046 consists of 63 clocked latching comparators, 
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. 

Features 

• 6-Bit Resolution 

• 1/4 LSB Linearity 
• Sample-And-Hold Circuit Not Required 

Functional Block Diagram 

• TTL Compatible 
o 25MSPS Conversion Rate 

• Selectable Output Format 
• Available In An 18 Lead DIP 

• Low Cost 
• Low Analog Input Capacitance 

Applications 

• Low-Cost Video Digitizing 

• Medical Imaging 

• Data Acquisition 
• TV Special Effects 

• Video Simulators 
• Radar Data Conversion 

NMINV )---------------------, 
NLiNV >-------------------. 
CONY }-----------....... ------4I~I__+_--_, 

VIN r:~:::;:::::;_-r==t_--h 
RT ~ 

LSI Products Division 
TRW Electronic Components Group 
P.O. 80x 2472 
La Jolla, CA 92038 

• • • 

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

63 TO 6 
ENCODER LATCH 
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Functional Block Diagram 

NMINV )--------------------, 
NLiNV 
CONY >-------------e-----4---t-t----....., 

Pin Assignments 

VIN 
RT 

VIN 1 
RT 2 

DGND 3 
NMINV 4 

(MSB) D1 5 
D2 6 
D3 7 

Vee 8 
VEE 9 

18 
17 
16 
15 
14 
13 
12 
11 
10 

• • • 

RB 
AGND 
DGND 
eONV 
D6 (LSB) 
D5 
D4 
NLiNV 

Vee 

63 TO 6 
ENCODER LATCH 

18 Lead DIP - J8 Package 
18 Lead CERDIP - B8 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 -of - 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 

D 108 

those referred to voltages more negative than the input signal 
will be onl. The encoding logic converts the N -of - 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. 
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Power 

The TOC1046 operates from two supply voltages, +5.0V and 
-5.2V. The return for ICC, the current drawn from the +5.0V 
supply, is DGND. The return for lEE, the current drawn from 

Name FlIlction 

VCC Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TOC1046 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. VRS Ithe voltage 
applied to RS at the bottom of the reference resistor chainl 
and VRT Ithe voltage applied to RT at the top of the reference 
resistor chainl should be between +O.lV and -1.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain 
IVRT - VRSI must be between O.BV and 1.2V. The nominal 

Name FlIlction 

VRT Reference Resistor (Top) 

the -5.2V supply, is AGND. All power and ground pins must 
be connected. 

Value J8, 88 Package 

+5.0V Pins B, 10 

-5.2V Pin 9 

O.OV Pins 3, 16 

O.OV Pin 17 

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. If the reference inputs are exercised 
dynamically las in an Automatic Gain Control circuitl, a 
low - impedance reference source is required. 

Value J8, 88 Package 

O.OOV Pin 2 

VRB Reference Resistor (Bottom) -1.00V Pin lB 

Controls 

Two function control pins, NMINV and NLiNV are provided. 
These controls are for DC Ii.e. steady state I 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 

Name Function 

Output Coding Table. These pins are active LOW as signified 
by the prefix "N" in the signal name. They may be tied to 
VCC for a logic "1" and DGND for a logic "0." 

Value J8, 88 Package 

NMINV Not Most Significant Bit INVert TTL Pin 4 

NliNV Not Least Significant Bit INVert TIL Pin 11 

Convert 

The TDC1046 requires a CONVert ICONVI signal. A sample is 
taken Ithe comparators are latchedl within 5ns ItSTOI after a 
rising edge on the CONV pin. This time is tSTO, Sampling 
Time Offset. The 63 to 6 encoding is performed on the falling 

Name Function 

CONV Convert 

LSI Products Division 
TRW Electronic Components Group 

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 ItHOI after the rising edge 
of the CONV signal. 

Value J8, 88 Package 

TTL Pin 15 
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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 - off 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 TOC1046 if it remains within the range of VEE to 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TDC1046 are TIL compatible, and capable 
of driving four low-power Schottky TIL (54/74 LSI unit loads 
or the equivalent. The outputs hold the previous data a 
minimum time (tHol aher the rising edge of the CONV signal. 

Name Function 

°1 MSB Output 

°2 
°3 
°4 
°5 
°6 LSB Output 

D 110 

+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. 

Value J8, 88 Package 

OV to -lV Pin 1 

Data is guaranteed to be valid aher a maximum delay time 
(tol aher the rising edge of CONV. For optimum performance, 
2.2 kOhm pull- up resistors are recommended. 

Value J8, 88 Package 

TIL Pin 5 
TIL Pin 6 
TIL Pin 7 
TIL Pin 12 
TIL Pin 13 
TIL Pin 14 
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Figure 1. TIming Diagram 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply voltages 

Vee (measured to DGND) .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGND) ........................................................................................................................................................................................... +0.5 to -7.0V 

AGND (measured to DGND) ...................................................................................................................................................................................... -0.5 to +0.5V 

Input voltages 

eONV, NMINV, NLiNV (measured to DGND) ......................................................................................................................................................... -0.5 to +5.5V 

VIN' VRT, VRB (measured to AGND) ........................................................................................................................................................................... +0.5 to VEE 

VRT (measured to VRB) ............................................................................................................................................................................................. +1.2 to -1.2V 

Output 

Applied voltage (measured to DGND) ............................................................................................................... : ...................................................... -0.5 to 5.5V2 

Applied current, externally forced ....................................................................................................................................................................... -1.0 to 6.0mA 3,4 

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

Temperatura 

Operating, case .......................................................................................................................................................................................................... - 55 to + 125°e 

junction .................................................................................................................................................................................................................... + 175°e 

Lead, soldering (10 seconds) .................................................................................................................................................................................................. +300oe 

Storage ........................................................................................................................................................................................................................ -65 to + 1500 e 

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 

Parameter Min Nom Max Units 

Vec Positive Supply Voltage (measured to 0GNO) 4.75 5.0 5.25 V 

VEE Negative Supply Voltage (measured to AGNO) -4.9 -5.2 -5.5 V 

VAGNO Analog Ground Voltage (measured to 0GNO) -0.1 0.0 0.1 V 

tpWL CONV Pulse Width (LOW) 15 ns 

tpWH eONV Pulse Width (HIGH) 17 ns 

VIL Input Voltage, Logic LOW O.B V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOL Output Current, Logic LOW 4.0 mA 

IOH Output Current, Logic HIGH -0.4 mA 

VRT Most Positive Reference Input 1 -0.1 0.0 0.1 V 

VRB Most Negative Reference Input 1 -0.9 -1.0 -1.1 V 

VRrVRB Voltage Reference Oifferential O.B 1.2 V 

VJN Input Voltage VRS VRT V 

TA Ambient Temperature, Still Air 0 70 °C 

Note: 
1. VRT must be more positive than VRS. and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current Vcc - MAX, static 1 20 mA 

lEE Negative Supply Current VEE - MAX, static 1 

T A-0° C to 70° C -95 mA 

TA - 70°C -75 mA 

IREF Reference Current VRT' VRB - NOM 10 mA 

RREF Total Reference Resistance VRT - VRB - MAX 120 Ohms 

RIN Input Equivalent Resistance VRT' VRB - NOM, VIN - VRB 150 kOhms 

CIN Input Capacitance 30 pF 

ICB Input Constant Bias Current VEE - MAX 75 I1A 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.5V CONV -0.4 rnA 

NMINV, NLiNV -0.6 rnA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 50 I1A 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 rnA 

VOL Output Voltage, Logic LOW VCC - MIN, 10L - MAX 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 V 

lOS Short Circuit Output Current VCC - MAX, One pin to ground, -30 rnA 

one second duration, output HIGH 

CI 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 I 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VCC - MIN, VEE - MIN 25 MSPS 

tSTO Sampling Time Offset VCC - MIN, VEE - MIN 5 ns 

to Output Delay VCC - MIN, VEE - MIN, Load 1 25 ns 

tHO Output Hold Time VCC - MAX, VEE - MAX, Load 1 5 ns 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ELI linearity Error Integral, Independent VRT, VRB - NOM 0.4 % 

ElD linearity ~rror Differential 0.4 % 

CS Code Size VRT' VRB - NOM 50 150 % Nominal 

EOT Offset Error Top VIN - VRT +50 mV 

EOB Offset Error Bottom VIN - VRB -3~ mV 

TCO Temperature Coefficient (Offset Voltage) ±20 f.1VloC 

BW Bandwidth, Full Power Input 12.5 MHz 

tTR Transient Response, Full Scale 10 ns 

SNR Signal- to - Noise Ratio 12.5MHz Bandwidth, 

25MSPS Conversion Rate 

Peak SignaliRMS Noise lMHz Input 42 dB 

12.5MHz Input 4D dB 

RMS SignaliRMS Noise lMHz Input 33 dB 

12.5MHz Input 31 dB 

EAP Aperture Error 3D ps 

Output Coding Table 1 

Binary Two's Complement 
Range True Inverted True Inverted 

NMINV - 1 0 0 1 

15.8730 mV 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 

-1.000V 111111 000000 011111 100000 

Note: 
1. Voltages are code midpoints when calibrated (see Calibration sectionl. 

LSI Products Division 
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Calibration 

To calibrate the TOC1046, adjust VRT and VRS to set the 1st 
and 63rd thresholds to the desired voltages. In the Slack 
Diagram, note that Rl is greater than R, ensuring calibration 
with a positive voltage on RT- Assuming a OV to -lV desired 
range, continuously strobe the converter with -0.0079V on the 
analog input, and adjust VRT for output toggling between 

Typical Interface Circuit 

The TOC1046 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 
1< 100 Ohms) connected to the VIN 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 Interface Circuit in 
Figure 6 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, R 12, 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 Ql which supplies the 
reference current. System gain is adjusted by varying R9 which 
controls the reference voltage level to the AID converter. 

LSI Products Division 
TRW Electronic Components Group 

codes 00 and 01. Then apply -0.9921V and adjust VRS 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. 

Input voltage range and input impedance for the circuit are 
determined by resistors Rl and R2. Formulas for calculating 
values for these input resistors are: 

1 
Rl = 2VR) 1 

(liN -1000 

and 

( 
1000 Rl ) 

R2 = liN - 1000 + Rl 

where VR is the input voltage range of the circuit, liN 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 
1 Volt p -p 75 Ohm video input. 
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Figure 5. Typical Interface Circuit 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC1046JBC STD - TA - DOC to 7DoC Commercial 18 lead DIP 1D46JBC 
TDC1046JBG STD - TA - DOC to 7DoC Commercial With Burn-In 18 Lead DIP 1046JBG 

TDC1046BBC STD - TA - DOC to 7DoC Commercial 1B Lead CERDIP 1D46BBC 
TDC1046BBG STD - TA - DOC to 7DoC Commercial With Burn-In 18 lead CERDIP l046BBG 

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. 

Pre6minary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TRW Electronic Components Group 



TDC1047 
Preliminary Information 

Monolithic Video AID Converter 
7 - bit, 20MSPS 

The TRW TOC1047 is a 20 MegaSample Per Second IMSPSI 
full- parallel lfIashl analog -to - digital converter, capable of 
converting an analog signal with full-power 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. 

The TOC1047 consists of 127 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. 

The TDC1047 is pin and function compatible with TRW's 
TOC1027, and offers increased performance with lower power 
dissipation. 

Features 

• 7 - Bit Resolution 
• 1/2 LSB Linearity 
• Sample-And -Hold Circuit Not Required 

• 20MSPS Conversion Rate 
• Selectable Output Format 
• Available In 24 Lead DIP Or CERDIP 
• Evaluation Board - TOC1047E1C 

Applications 

• Low - Cost Video Digitizing 
• Medical Imaging 
• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

Functional Block Diagram NMINV)---------------, 
NLlNV}------------, 
CONY }---------+---_~_I_-___, 

VIN r-;===:::;-----;=+---+__, 
RT 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 
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Functional Block Diagram 

NMINV )----------------, 
NLiNV )----------------, 
CONY }-----------+-----+-+-+---, 

VIN r--;::==:::::;---;::=i---'/-' 
RT >---t-...., 

• • • • • • 
127 TO 7 LATCH 
ENCODER 

01-7 

• • • • • • 

RZ 

RB 
DIFFERENTIAL 
COMPARATORS 
(127) 

Pin Assignments 

c> 
zz (.) 
~o ,...(.) u:I In (.) 
c(.)czcc> 

~~~~N~~ 

VIN 1 24 VIN 
RT 2 23 RO AGND 26 18 NLiNV 

AGND 3 22 AGND RO 27 17 VEE 

DGND 4 21 DGND VIN 28 16 AGND 

NMINV 5 20 eONV Ne 1 15 NC 

(MSO) D1 6 19 D7 (LSO) VIN 2 14 AGND 

D2 7 18 D6 RT 3 13 VEE 

D3 8 17 D5 AGND 4 12 Vec 

D4 9 16 Vce 
Vee 10 15 NLiNV Lncg ...... coc:n~:: 

VEE 11 14 VEE c> -(.) N M ~ 
ZZ C Z C C C 

AGND 12 13 AGND ~i -
cz~ 

~ 
24 Lead DIP - J7 Package 
24 Lead CERDIP - 87 Package 28 Contact Chip Carrier - C3 Package 
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Functional Description 

General Information 

The TDC1047 has three functional sections: a comparator array, 
encoding logic, and output latches. The comparator array 
compares the input signal with 127 reference voltages 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 

Power 

The TDC1047 operates from two supply Voltages, +5.DV and 
- 5.2V. The return for ICC, the current drawn from the + 5.DV 
supply, is DGND. The return for lEE, the current drawn from 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDC1D47 converts analog signals in the range VRB ~ 
VIN ~ VRT into digital form. VRB (the voltage applied to the 
pin at the bottom of the reference resistor chain I and VRT (the 
voltage applied to the pin at the top of the reference resistor 
chainl should be between +D.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 D.BV and 1.2V. The nominal voltages are VRT = D.DDV 

Name Function 

Rr Reference Resistor (Top) 

RB Reference Resistor (Bottom) 

Controls 

Two function control pins, NMINV and NLiNV are provided. 
These controls are for DC (i.e. steady statel 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 

Name Function 

NMINV Not Most Significant Bit INVert 

NLiNV Not Least Significant Bit INVert 

LSI Products Division 
TRW Electronic Components Group 

those referred to voltages more negative than the input signal 
will be onl. 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. 

the -5.2V supply, is AGND. All power and ground pins must 
be connected. 

Value J7, B7 Package C3 Package 

+5.0V Pins 10, 16 Pin 12 

-5.2V Pins 11, 14 Pins 13, 17 

O.OV Pins 4, 21 Pins 5, 25 

O.OV Pins 3, 12, 13, 22 Pins 4, 14, 16, 26 

and VRB = -1.DDV. These voltages may be varied dynamically 
up to 7MHz. Due to variation in the reference currents with 
clock and input signals, RT and RB 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. 

Value J7, B7 Package C3 Package 

O.OOV Pin 2 Pin 3 

-1.00V Pin 23 Pin 27 

output coding table. These pins are active LOW as signified by 
the prefix "N" in the signal name. They may be tied to VCC 
for a logic "1" and DGND for a logic "0." 

Value J7. B7 Package C3 Package 

TIL Pin 5 Pin 6 

TIL Pin 15 Pin 18 
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Convert 

The TDC1047 requires a CONVert (CoNVI signal. A sample is 
taken (the comparators are latchedl within the Sampling Time 
Offset (tSTDI of a rising edge on the CONY pin. The 127 to 7 
encoding is performed on the falling edge of the CONY signal. 
The coded result is transferred to the output latches on the 
next rising edge. The outputs hold the previous data a 

Name Function 

CONV Convert 

Analog Input 

The TDC1047 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 VIN 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 TOC1047 if it 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOClo47 are TTL compatible, and capable 
of driving four low-power Schottky TTL (54/74 LSI unit loads 
or the equivalent. The outputs hold the previous data a 

Name Function 

01 MSB Output 

02 

03 

04 

05 

06 
07 LSB Output 

D 120 

minimum time (tHol after the rising edge of the CONY signal. 
This 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 TOC1D47 is taking 
input sample N + 2. 

Value J7. 87 Package C3 Package 

TIL Pin 20 Pin 24 

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. 

Value J7. 87 Package C3 Package 

OV to -1V Pins 1, 24 Pins 2, 28 

minimum time (tHol after the rising edge of the CONY signal. 
For optimum performance, 2.2 kohm pull- up resistors are 
recommended. 

Value J7. 87 Package C3 Package 

TTL Pin 6 Pin 7 

TTL Pin 7 Pin 9 

TTL Pin 8 Pin 10 

TTL Pin 9 Pin 11 

TTL Pin 17 Pin 20 

TTL Pin 18 Pin 21 

TTL Pin 19 Pin 23 

LSI Products Division 
TRW Electronic Components Group 
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Figure 1. Timing Diagram 

t=:s t tPWH~tPWLI~ 
CONV 'I \ I, ~AMPLE \1 I, ""'S-AM-PL-E -\'--_....1/

1 

~I SAMPLE N + 1 N + 2 -

ANALOG INPUT N ~ _____ _ 

~----...;...-

Figure 2. Simplified Analog Input Equivalent Circuit 

Figure 3. Digital Input Equivalent Circuit 
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I 

VIN 0-"..----"..------..... ---..., 

ICS 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRB IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN R8 

Figure 4. Output Circuits 
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Absolute maximum ratings Ibeyond which the device will be damagedP 

Supply Voltages 

VCC (measured to DGNol .......................................................................................................................................................................................... -0.5 to +7.0V 

VEE (measured to AGND) ........................................................................................................................................................................................... +0.5 to -7.0V 

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

Input Voltages 

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

VIN' VRT' VRB (measured to AGNol ........................................................................................................................................................................... +0.5 to VEE 

VRT (measured to VRB) .............................................................................................................................................................................................. +2.2 to -2.2V 

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 (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 
Parameter Min Nom Max Units 

VCC Positive Supply Voltage (measured to DGNol 4.75 5.0 5.25 V 

VEE Negative Supply Voltage (measured to AGNol -4.9 -5.2 -5.5 V 

VAGND Analog Ground Voltage (measured to 0GND) -0.1 0.0 0.1 V 

tpWL CONV Pulse Width, LOW 14 ns 

tpWH CONV Pulse Width, HIGH 14 ns 

VIL Input Voltage, Logic LOW O.B V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOL Output Current, Logic LOW 4.0 rnA 

IOH Output Current, Logic HIGH -0.4 rnA 

VRT Most Positive Reference Input 1 -0.1 0.00 0.1 V 

VRB Most Negative Reference Input 1 -0.9 -1.00 -1.1 V 

VRrVRB Voltage Reference Differential O.B 1.0 1.2 V 

VIN Input Voltage VRB VRT V 

TA Ambient Temperature, Still Air 0 70 °c 

Note: 
1. VRT must be more positive than VRS' and voltage reference differential must be within specified range. 

lSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current Vcc - MAX, static 1 25 rnA 

'EE Negative Supply Current VEE - MAX, static 1 

T A - O°C to 70°C -170 rnA 

TA - 70°C -135 rnA 

'REF Reference Current VRT' VRB - NOM 35 rnA 

RREF Total Reference Resistance 28 Ohms 

R'N Input Equivalent Resistance VRT, VRB - NOM, V,N - VRB 100 kOhms 

C,N Input Capacitance 60 pF 

'CB Input Constant Bias Current VEE - MAX 150 pA 

',l Input Current, logic lOW VCC - MAX, V, - 0.5V CONV -0.4 rnA 
NMINV, NliNV -0.6 rnA 

'/H Input Current, logic HIGH VCC - MAX, V, - 2.4V 50 pA 

I, Input Current, Max Input Voltage VCC - MAX, V, - 5.5V 1.0 rnA 

VOL Output Voltage, logic lOW VCC - MIN, 10l - MAX 0.5 V 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 V 

lOS Short Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -30 rnA 

one second duration. 

C, 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 VCC - MIN, VEE - MIN 20 MSPS 

tsm Sampling TIme Offset VCC - MIN, VEE - MIN 7 ns 

tD Output Delay Vce - MIN, VEE - MIN, load 1 30 ns 

tHO Output Hold TIme VCC - MAX, VEE - MAX, load 1 5 ns 

LSI Products Division 
TRW Electronic Components Group D 123 
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System performance characteristics within specified operating conditions 

Temperature Range 

Standard 

Parameter Test Conditions Min Max Units 

ELI Unearity Error Integral, Independent VRT' VRB - NOM 0.4 % 

ELO Unearity Error Oifferential 0.4 % 

CS Code Size VRT' VRB - NOM 30 170 % Nominal 

VOl Offset Voltage Top VIN - VRT +50 mV 

VOB Offset Voltage Bottom VIN - VRB -30 mV 

TCO Temperature Coefficient ±20 I-lVloC 

BW Bandwidth, Full Power Input 7 MHz 

tTR Transient Response, Full Scale 10 ns 

SNR Signal-to-Noise Ratio 7MHz Bandwith, 

20MSPS Conversion Rate 

Peak SignaliRMS Noise lMHz Input 48 dB 

7MHz Input 48 dB 

RMS SignaliRMS Noise lMHz Input 39 dB 

7MHz Input 37 dB 

EAP Aperture Error 50 ps 

OP Oifferential Phase Error 1 FS - 4 x NTSC 1.5 Oegree 

OG Oifferential Gain Error 1 FS - 4 x NTSC 2.5 % 

Note: 
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.B74mV STEP NliNV - 1 0 1 0 

000 O.OOOOV 0000000 1111111 1000000 0111111 

001 -0.007BV 0000001 1111110 1000001 0111110 

· · · · · · · · · · · · · · · · · • 
063 -0.4960V 0011111 1100000 1011111 0100000 

064 -0.5039V 0100000 1011111 1100000 0011111 

· · · · · · · · • · · · · · · · · • 
126 -1.9921V 1111110 0000001 0111110 1000001 

127 -1.0000V 1111111 0000000 0111111 1000000 

Note: 

1. Voltages are code midpoints when calibrated Isee Calibration Sectionl. 

LSI Products Division 
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Calibration 

To calibrate the TDC1D47, adjust VRT and VRS to set the 1st 
and 127th thresholds to the desired voltages in the block 
diagram. Note that R1 is greater than R, ensuring calibration 
with a positive voltage on RT- Assuming a OV to -lV 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 

codes 00 and 01. Then apply -0.9961V and adjust VRS 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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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1047J7C STD-T A - O°C to 70°C Commercial 24 lead DIP 1047J7C 
TDC1047J7G STD-T A - O°C to 70°C Commercial With Burn-In 24 lead DIP 1047J7G 

TDC1047B7C STD-T A - O°C to 70°C Commercial 24 lead CERDIP 1047B7C 
TDC1047B7G STD-T A - O°C to 70°C Commercial With Burn-In 24 lead CERDIP 1047B7G 

TDC1047C3C STD- TA - O°C to 70°C Commercial 28 Contact Chip Carrier 1047C3C 
TDC1047C3G STD- TA - O°C to 70°C Commercial With Burn-In 28 Contact Chip Carrier 1047C3G 

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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Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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Monolithic Video AID Converter 
8-bit, 20MSPS 

The TRW TDC1048 is a 20 MegaSample Per Second (MSPSI 
full- parallel !fIashl analog - to - digital converter, capable of 
converting an analog signal with full- power frequency 
components up to 7M Hz 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 lead package. All digital inputs and 
outputs are TTL compatible. 

The TDC1048 consists of 255 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. 

Features 

• 8 - Bit Resolution 

• 20MSPS Conversion Rate 

/.:"'.I,'llfiJtl"Ml,~m,' B,:" lfJ 

fjfj'iflfiJ 

• Low Power Consumption, 1.6W (Worst Casel 

• Sample - And - Hold Circuit Not Required 

• Differential Phase 1 Degree 

• Differential Gain 2% 

• 1/2 LSB Linearity 

• TTL Compatible 
o Selectable Output Format 

o Available In 28 Lead DIP, CERDIP, Or Contact Chip Carrier 

• Evaluation Board - TDC1 048E1 C 

Applications 

• Low - Cost Video Digitizing 

• Radar Data Conversion 

• Data Acquisition 
o Medical Imaging 

Functional Block Diagram NMINVr---------------, 
NlINVr-------------, 
CONV>----------..---..-+--+----. 

VIN ~-;::::==:::;_-;::::I_-_+..., 
RT 

RM 

RS 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
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Phone: 16191 457 - 1 000 
Telex: 697 - 957 
TWX: 910-335-1571 
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Functional Block Diagram 

Pin Assignments 
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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 Isometimes referred to as a 
"thermometer" code, as all the comparators below the signal 
will be on, and all those above the signal will be offl. The 

Power 

The TOC1048 operates from two supply voltages, + 5.0V and 
-5.2V. The return for ICC, the current drawn from the +5.0V 
supply, is DGND. The return for lEE, the current drawn from 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TOC1048 converts analog signals in the range 
VRB ~ VIN ~ VRT into digital form. VRB Ithe voltage applied 
to the pin at the bottom of the reference resistor chain! and 
VRT Ithe voltage applied to the pin at the top of the reference 
resistor chain! should be between +O.1V and -2.1V. VRT 
should be more positive than VRB within that range. The 
voltage applied across the reference resistor chain IVRT-VRB! 
must be between 1.BV 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 necessary 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 

Name Function 

RT Reference Resistor IT op) 

-~.-. 11 gV.JJfl 

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 NLlNV. The output latch holds the output constant 
between updates. 

the -5.2V supply, is AGND. All power and ground pins must 
be connected. 

Value J6, 86, C3 Package 

+5.0V Pins 6, 10 
-5.2V Pins 7, B, 9 

O.OV Pins 5, 11 
O.OV Pins 19, 25 

midpoint. 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 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 RB 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 up 
to 5MHz. 

Value J6. 86, C3 Package 

O.OV Pin lB 

RM Reference Resistor IMiddle) -1.0V Pin 27 

RS Reference Resistor lBottom) -2.0V Pin 26 
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Control 

Two function control pins, NMINV and NLiNV are provided. 
These controls are for DC Ii.e. steady statel 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 

Name FlI1ction 

Output Coding table on page 121. These pins are active LOW, 
as signified by the prefix "N" in the signal name. They may be 
tied to VCC for a logic "1" and DGND for a logic "0." 

Value J6, 86, C3 Package 

NMINV Not Most Significant Bit INVert TTl Pin 2B 
NliNV Not least Significant Bit INVert TTl Pin 12 

Convert 

The TDC1048 requires a convert ICONVl signal. A sample is 
taken Ithe comparators are latchedl within 15ns after a rising 
edge on the CONV pin. This time is tSTO, 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 !jitterl in sampling offset time is less than 100 
picoseconds. The 255 to 8 encoding is performed on the falling 
edge of the CONV signal. The coded result is transferred to 

Name Function 

CONV Convert 

Analog Input 

The TDC1048 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 impedance of the 
driving device must be less than 25 Ohms. The input signal 
will not damage the TOC1048 if it remains within the range of 
VEE to +O.5V. If the input signal is between the VRT and VRS 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOC1048 are TTL compatible, capable of 
driving four low-power Schottky TTL 154/74 LSl unit loads or 
the equivalent. The outputs hold the previous data a minimum 

Name Function 

D1 MSB Output 

D2 
D3 
D4 
D5 
D6 
D7 
DB lSB Output 

D 130 

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 acquired by the external 
circuitry while the TDC1048 is taking input sample N + 2. 

Value J6, 86, C3 Package 

TTl Pin 17 

references, the output will be a binary number between 0 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. 

Value J6, 86, C3 Package 

OV to -2V Pins 20, 21, 22, 23, 24 

time ItHOl after the rising edge of the CONVert signal. For 
optimum performance, 2.2 kOhm pull-up resistors are 
recommended. 

Value J6, 86, C3 Package 

TTl Pin 1 
TTL Pin 2 
TTl Pin 3 
TTl Pin 4 
TTl Pin 13 
TTl Pin 14 
TTl Pin 15 
TTl Pin 16 
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Figure 1. Timing Diagram 

Ir= :. l 'PWH ~'PWL I I 

CONY '/ \ II SAMPLE \1 Il---SAMP---LE \~ll '!.....AI SAMPLE . N + l' . N + 2 - . 

ANALOG INPUT N _--___ -

I 
DIGITAL OUTPUT 1 

--~--~~~~~~~~~~~~~~~~--~~~~~~~~~.& 

Figure 2. Simplified Analog Input Equivalent Circuit 

I 
REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Convert Input Equivalent Circuit 
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5K 

INPUT 0---
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VIN 0-.... ---...... -----...... ---""1 

VEEA 

CIN IS A NONLINEAR JUNCTION CAPACITANCE 
VRO IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN RO 

Figure 4. Output Circuits 

+VCC 
___ --..... --0 VCC 

B10n 

TO 
OUTPUT 0-----11..-..... - .. 
PIN 

----..... --0 OUTPUT 1N3062 

LOAD 1 ":' 
OUTPUT EQUIVALENT 
CIRCUIT 

TEST LOAD FOR DELAY 
MEASUREMENTS 
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Absolute maximum ratings (beyond which the device will be damaged)' 

Supply Vohages 

VCC (measured to DGNDI .......................................................................................................................................................................................... -0.5 to +7.0V 
VEE (measured to AGNDI ........................................................................................................................................................................................... +0.5 to -7.0V 
AGND (measured to DGNDI ...................................................................................................................................................................................... -0.5 to +D.5V 

Input Vohages 

CONV, NMINV, NlINV (measured to DGNOI ......................................................................................................................................................... -0.5 to +5.5V 
VIN' VRT' VRB (measured to AGNDI ........................................................................................................................................................................ +0.5 to VEEV 
VRT (measured to VRBI ............................................................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage (measured to DGNDI ................................................................................................................................................................... -0.5 to +5.5V2 
Applied current, externally forced .................................................................................................................................................................... -1.0 to + 6.0mA 3.4 
Short circu~ duration (single output in high state to groundl ............................................................................................................................................ 1 sec 

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

junction .................................................................................................................................................................................................................... + 175°C 
lead, soldering (10 secondsl .................................................................................................................................................................................................. +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 Min Nom Max Min Nom Max Units 

VCC 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 DGNDI -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 

Vll Input Voltage, logic lOW 0.8 O.B 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 JiA 

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 

VRT-VRB Voltage Reference Differential 1.B 2.0 2.2 1.B 2.0 2.2 V 

VIN Input Voltage VRB VRT VRB VRT V 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

Note: 

1. VRT Must be more positive than VRS, and voltage reference differential must be within specified range. 
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Electrical characteristics within specified operating conditions 

Temperature Ranoe 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC POS~iVB Supply Current VCC - MAX, static 1 35 40, " mA 

lEE Negative Supply Current VEE - MAX, static 1 

TA - DoC to 70°C -2pO mA 

TA - 70°C -185 mA 

T C - - 55°C to 125°C -320 mA 

TC - 125°C -180 mA 

IREF Reference Current VRT, VRB - NOM 35 45..., mA 

RREF Total Reference Resistance 67 50 Ohms 

RIN Input Equivalent Resistance VRT, VRB - NOM, VIN - VRB 10 10 kOhms 

CIN Input Capacitance VRT, VRB - NOM, VIN - VRB 100 100 pF 

ICB Input Constant Bias Current VEE - MAX 200 550 /-LA 

IlL Input Current, Logic LOW Vee - MAX, VI - 0.5V 
CONV -0.4 -0.4 mA 

NMINV, NLiNV -0.6 -0.6 mA 

IIH Input Current, Logic HIGH Vee - MAX, VI - 2.4V 50 50 /-LA 

II Input Current, Max Input Voltage Vee - MAX, VI - 5.5V 1.0 1.0 mA 

VOL Output Voltage, Logic LOW Vee - MIN, 10L - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH Vee - MIN, 10H - MAX 2.4 2.4 V 

lOS Short Circuit Output Current Vee - MAX, Output HIGH, one pin to ground, -30 -30 mA 
one second duration. 

el Digital Input Capacitance TA - 25°C, F - lMHz 15 15 pF 

Nate: 

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

Switching characteristics within specified operating conditions 

Temperature Ranoe 
Standard Extendod 

Parameter Test Conditions Min Max Min Max Units 

FS Maximum Conversion Rate Vee - MIN, VEE - MIN 20 20 MSPS 

tSTO Sampling Time Offset VCC - MIN, VEE - MIN 0 10 0 15 ns 

to Digital Output Delay Vee - MIN, VEE - MIN, Load 1 3D 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 

Ell linearity Error Integral, Independent VRT, VRB - NOM 0.2 0.2 % 

ELO linearity Error Differential 0.2 0.2 % 

CS Code Size 25 175 25 175 % Nominal 

EOT Offset Error Top VIN - VRT +45 +45 mV 

EOB Offset Error Bottom VIN - VRB -30 -30 mV 

TCO Offset Error Temperature Coefficient ±20 ±20 J.l.V/oC 

BW Bandwidth, Full Power Input 7 5 MHz 

tTR Transient Response, Full Scale 20 20 ns 

SNR Signal- to - Noise Ratio 20MSPS Conversion Rate, 

lOMHz Bandwidth 

Peak SignaliRMS Noise 1.24BMHz Input 54 53 dB 

2.438MHz Input 53 52 dB 

RMS SignalfRMS Noise 1.24BMHz Input 45 44 dB 

2.438MHz Input 44 43 dB 

EAP Aperture Error 60 60 ps 

DP Differential Phase Error FS - 4 x NTSC 1.0 1.0 Degree 

OG Differential Gain Error FS - 4 x NTSC 2.0 2.0 % 

NPR Noise Power Ratio DC to BMHz White Noise 36.5 36.5 dB 

Bandwidth 4 Sigma loading 

1.24BMHz Slot 

20MSPS Conversion Rate 
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Output Coding 

Binary Offset Two's 
Complement 

Step Range True Inverted True Inverted 

-2.0000V FS -2.0480V FS NMINV - 1 0 0 1 

7.8431 mV STEP 8.000 mV STEP NLiNV - 1 0 1 0 

000 O.OOOOV O.OOOOV 0000000 1111111 1000000 0111111 

001 -0.OO78V -0.0080V 0000001 1111110 1000001 0111110 

· · · · • · · · · · · · · · · · · · · · · 127 -0.9961V -1.0160V 01111111 10000000 11111111 00000000 

128 -1.0039V -1.0240V 10000000 01111111 00000000 11111111 

129 -1.0118V -1.0320V 10000001 01111110 00000001 11111110 

· · · · • · · · · · · • · · · · · · · · · 254 -1.9921V -2.0320V 11111110 00000001 01111110 10000001 

255 -2.0000V -2.0400V 11111111 00000000 01111111 10000000 

Notes: 
1. NMINV and NLiNV are to be considered DC controls. They may be tied to +5V for a logical "1" and tied to ground for a logical "0." 

2. Voltages are code midpoints when calibrated by the procedure given below. 

Calibration 

To calibrate the TDC1048, adjust VRT 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 
RT- Assuming a OV to - 2V.,desired range, continuously strobe 
the converter w,ith 10.0039V (1/2 LSB from OVI on the analog 
input, and adjusfVRT'fo'r output toggling between codes 00 
and 01. Then apply -1.995V (1/2 LSB from -2VI and adjust 
VRB for toggling between codes 254 and 255. 

The degree of required adjustment is indicated by the offset 
error, EDT and EOB. 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 

LSI Products Division 
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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 RB. are driven by buffered operational 
amplifiers. Instead of adjusting VRT, RT can be connected 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 RB. 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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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. A zener diode provides a stable reference 
for both the offset and gain control. All five VIN pins are 
connected close to the device package, and the buffer amplifier 
feedback loop should be closed at that point. The buffer has a 
gain of minus two, increasing a 1 Volt p - p video input signal 
to the recommended 2 Volt p - p input for the AID converter. 
Proper decoupling is recommended for all systems, although 
the degree of decoupling shown may not be needed. A 

Figure 5. Typical Reference Midpoint Adjust Circuit 

2K .>ooII1----t 

-2V 

Figure 6. TDC1048 Typical Interface Circuit 

variable capacitor permits buffer optimization, by either step 
response or frequency response. This may be replaced with a 
fixed value capacitor, as determined by the layout and desired 
optimization. 

The bottom reference Voltage, VRB, is supplied by an inverting 
amplifier, buffered with a PN P 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 can be adjusted to cancel the gain 
error introduced by the offset Voltage, EOB, as discussed in 
the calibration section. 

TDC1048 
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Parts List 
Resistors 

R1 0.00 1/4W 5% 
R2 80.70 1/4W 5% 
R3 1KO 1I4W 5% 
R4 2KO 1/4W 5% 
R5 2200 1/4W 5% 
R6 2KO 1/4W 5% 
R7 lKO 1/4W 5% 
R8 2KO 1/4W Multiturn Pot 
R9 2KO 1/4W Multiturn Pot 
R10 10KO 1/4W 5% 
Rll 20KO 1/4W 5% 
A12 270 1/4W 5% 
R13 2.2KO SIP 5% 

Capacitors 

Cl-C4 lOJlF 25V 
C5- Cll O.lIlF 50V 
C12 l-6pF variable 

Ordering Information 

Product Temperature Range 
Number 

TDC1048J6C STD- T A - DoC to 70 DC 

TDC1048J6G STD- T A - DoC to 70 DC 
TDC1048J6F EXT - TC - -55DC to 125DC 
TDClO48J6A EXT - TC - -55DC to 125DC 

TDC1048C3C STD-T A - DoC to 70DC 

TDC1048C3G STD-T A - DoC to 70DC 

TDC1048C3F EXT - TC - -55DC to 125DC 
TDC1048C3A EXT - T C - -55DC to 125DC 

TDC1048B6C STD-T A - DoC to 70DC 

TDC1048B6G STD-T A - DoC to 70DC 

Integrated Circuits 

U1 TRW TDC1048 
U2 HA-2539-5 op-amp 
U3 uA741C op-amp 
U4 lM313 reference 

Transistors 

Q1 2N2907 

Inductors 

11, l2 Ferrite beads 

R2 -
2VRange 

- 0.001 
VREF liN 

Screening 

Commercial 

Commercial With Burn -In 

Commercial 
High Reliability 1 

Commercial 

Commercial With Burn-In 

Commercial 
High Reliability 1 

Commercial 

Commercial With Burn-In 

Package 

28 lead DIP 

28 lead DIP 

28 Lead DIP 

28 Lead DIP 

1000 R2 

1000 + R2 

28 Contact Chip Carrier 

28 Contact Chip Carrier 

28 Contact Chip Carrier 
28 Contact Chip Carrier 

28 Lead CERDIP 

28 lead CERDIP 

Package 
Marking 

1048J6C 

1048J6G 

1048J6F 

1048J6A 

1048C3C 

1048C3G 

1048C3F 

1048C3A 

1048B6C 

1048B6G 

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. 

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

Note: 
1. Per TRW document 70l01757. 
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TDC1147 
Preliminary Information 

Monolithic Video AID Converter 
7 -bit, 15MSPS 

The TDC1147 is a 7 -bit "flash" analog -to -digital converter 
which has no pipeline delay between sampling and valid data. 
The output data register normally found 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 TDC1147 is function and pin-compatible with TRW's 
TDC1047 7 -bit flash AID converter which has an output data 
register. The TDCl147 will operate accurately at sampling rates 
up to 15MSPS and has an analog bandwidth 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 
• Sample-And-Hold Circuit Not Required 

• TTL Compatible 
• Selectable Output Format 
• Available In 24 Lead DIP Or CERDIP 

Applications 

• Low - Cost Video Digitizing 
• Medical Imaging 
• Data Acquisition 
• High Resolution AID Converters 
• Telecommunications Systems 
• Radar Data Conversion 

NMINV}-------------..., 
NLiNV }--------------, 
CONY }------------. 

VIN t--;::::===;--;:::I----4.--. 
RT 

R2 
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Functional Block Diagram 

Pin Assignments 

VIN [QJ 

Rr 2 
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Functional Description 

General Information 

The TDCl147 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 "thermometer" code, as all 
the comparators referred to voltages more positive than the 
input signal will be off, and those referred to voltages more 

Power 

The TDCl147 operates from two supply voltages, +5.0V and 
- 5.2V. The return path for ICC (the current drawn from the 
+5.0V supply) is DGND. The return path for lEE (the current 

Name Function 

Vee Positive Supply Voltage 

VEE Negative Supply Voltage 

DGND Digital Ground 

AGND Analog Ground 

Reference 

The TDCl147 converts analog signals in the range 
VRS ~ VIN ~ VRT into digital form. VRS (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 +O.1V and -1.1V. VRT 
should be more positive than VRS within that range. The 
voltage applied across the reference resistor chain (VRT -
VRS) must be between O.BV and 1.2V. The nominal voltages 

Name Function 

RT Reference Resistor (Topl 

RB Reference Resistor (Bottoml 

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 

Nama Function 

NMINV Not Most Significant Bit INVert 
NLiNV Not Least Significant Bit INVert 

LSI Products Division 
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negative than the input signal will be onl. 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. 

drawn from the -5.2V supply) is AGND. All power and ground 
pins must be connected. 

Value J7, 87 Package C3 Package 

+S.OV Pins 10, 16 Pin 12 
-S.2V Pins 11, 14 Pins 13, 17 

O.OV Pins 4, 21 Pins 5, 25 

O.OV Pins 3, 12, 13, 22 Pins 4, 14, 16, 26 

are VRT = O.OOV and VRS = -1.00V. These voltages may be 
varied dynamically up to 7M Hz. 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. 

Value J7, 87 Package C3 Package 

O.OOV Pin 2 Pin 3 

-1.00V Pin 23 Pin 27 

complement, in either true or inverted sense, according to the 
Output Coding Table. 

Value J7, 87 Package C3 Package 

TTL Pin 5 Pin 6 

TTL Pin 15 Pin 18 
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Convert 

The TOC1147 uses a CONVert (CONVI input signal to initiate 
the AID conversion process. Unlike other flash AID converters 
which have a one -clock -cycle pipeline delay between 
sampling and output data, the TOCl147 requires only a single 
pulse to perform the entire conversion operation. The analog 
input is sampled (comparators are latchedl within the maximum 
Sampling Time Offset (tSTO, see Figure 11. Data from that 
sample becomes valid aher a maximum Output Delay Time (tol 

Name Function 

CONV Convert 

Analog Input 

The TOC1147 uses latching comparators which cause the input 
impedance to vary slightly with the signal level. For optimal 
performance, both VIN 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 TOC1147 if it remains 
within the range of VEE to +0.5V. If the input signal is 

Name Function 

Analog Signal Input 

Outputs 

The outputs of the TOCl147 are TIL compatible, and capable 
of driving four low-power Schottky TIL (54/74 LSI unit loads. 
The outputs hold the previous data a minimum time (tHoI aher 

Name Function 

Dl Most Significant Bit Output 

D2 
D3 
D4 
D5 
D6 
D7 Least Significant B~ Output 

D 142 
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while data from the previous sample is held at the outputs for 
a minimum Output Hold Time (tHOI. This allows data from the 
TOCl147 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. 

Value J7, 87 Package C3 Package 

TTL Pin 20 Pin 24 

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. 

Value J7, 87 Package C3 Package 

OV to -lV Pins 1, 24 Pins 2, 28 

the rising edge of the CONV signal. New data becomes valid 
aher a maximum time (tol aher the rising edge of the CONV 
signal. The use of 2.2 kOhm pull- up resistors is recommended. 

Value J7, B7 Package C3 Package 

TIL Pin 6 Pin 7 
TIL Pin 7 Pin 9 
TIL Pin 8 Pin 10 
TIL Pin 9 Pin 11 
TIL Pin 17 Pin 20 
TIL Pin 18 Pin 21 
TIL Pin 19 Pin 23 

LSI Products Division 
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Figure 1. Timing Diagram 

Ir=~ -I" tPWH~tPWlI 1 

CONV '/ \ 11 SAMPLE \, Il--SAMP-LE \"--------Ill ~I SAMPLE . N + 1 N + 2 -

ANALOG INPUT N _--__ -

DIGITAL OUTPUT ,DATA I 
N - 1 I 

Figure 2. Simplified Analog Input Equivalent Circuit 

REFERENCE 
RESISTOR 
CHAIN 

Figure 3. Digital Input Equivalent Circuit 

VCC 0----0-------0----

15K 

INPUTO---
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1-0F-127 
COMPARATORS 

I 

VIN 0-...... ---..... --------41 ...... ----. 

VEEA 

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

Figure 4. Output Circuits 

- .... ----1 .... --0 VCC 

810Q 

TO 
OUTPUT 0---41_ .... - .. 
PIN 

---,_-0 OUTPUT 1N3062 

LOAD 1 ":" OUTPUT EQUIVALENT 
CIRCUIT TEST LOAD FOR DELAY 

MEASUREMENTS 
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Absolute maximum ratings Ibeyond which the device may be damaged) 1 

Supply Vohages 

VCC (measured to 0GNO) .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGNO) ........................................................................................................................................................................................... +0.5 to -7.0V 

AGNO (measured to 0GNO) ...................................................................................................................................................................................... -0.5 to +0.5V 

Input Vohages 

CONY, NMINV, NLINV (measured to 0GNO) ......................................................................................................................................................... -0.5 to +5.5V 

VIN. VRT. VRB (measured to AGNO) ........................................................................................................................................................................... +0.5 to VEE 

VRT (measured to VRB) ............................................................................................................................................................................................. +2.2 to -2.2V 

Output 

Applied voltage (measured to 0GNO) ...................................................................................................................................................................... - 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°e 

junction .................................................................................................................................................................................................................... + 175°e 

lead. soldering (10 seconds) .................................................................................................................................................................................................. + 3000 e 

Storage ........................................................................................................................................................................................................................ -65 to + 1500 e 

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 specif~ed range. 

4. Current is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard 

Parameter Min Nom Max Units 

Vee Positive Supply Voltage (measured to 0GNO) 4.75 5.0 5.25 V 

VEE Negative Supply Voltage (measured to AGNO) -4.9 -5.2 -5.5 V 

VAGNO Analog Ground Voltage (measured to 0GNO) -0.1 0.0 0.1 V 

tpWl CONY Pulse Width, lOW 22 ns 

tpWH CONY Pulse Width, HIGH 18 ns 

VIL Input Voltage. Logic LOW 0.8 V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOL Output Current, Logic LOW 4.0 rnA 

IOH Output Current, Logic HIGH -0.4 rnA 

VRT Most Positive Reference Input 1 -0.1 0.00 0.1 V 

VRB Most Negative Reference Input 1 -0.9 -1.00 -1.1 V 

VRrVRB Voltage Reference Differential 0.8 1.0 1.2 V 

VIN Input Voltage VRB VRT V 

TA Ambient Temperature, Still Air 0 70 °C 

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

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current Vcc - MAX, static 1 25 rnA 

lEE Negative Supply Current VEE - MAX, static 1 

TA - ODC to lODC 170 rnA 

TA - 700 e 135 rnA 

IREF Reference Current VRT, VRB - NOM 35 rnA 

RREF Total Reference Resistance 34 Ohms 

RIN Input Equivalent Resistance VRT, VRB - NOM, VIN - VRB 100 kohms 

CIN Input Capacitance 60 pF 

ICB Input Constant Bias Current VEE - MAX 160 J1.A 

IlL Input Current, logic lOW VCC - MAX, VI - 0.5V CoNV -0.4 rnA 

NMINV, NliNV -0.6 rnA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 50 J1.A 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 rnA 

VOL Output Voltage, Logic LOW Vec - MIN, lol - MAX 0.5 V 

VoH Output Voltage, logic HIGH Vee - MIN, 10H - MAX 2.4 V 

lOS Short Circuit Output Current Vce - MAX, Output HIGH, one pin to ground, -30 rnA 

one second duration. 

CI Digital Input Capacitance TA - 25°e, F - lMHz 15 pF 

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

Switching characteristics within specified operating conditions I!II 
Temperature Range I 

Standard 
Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate Vee - MIN, VEE - MIN 15 MSPS 

tSTO Sampling Time Offset Vee - MIN, VEE - MIN 7 ns 

to Output Delay Vee - MIN, VEE - MIN, Load 1 60 ns 

tHO Output Hold Time VCC - MAX, VEE - MAX, load 1 15 ns 

LSI Products Division 
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System performance characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

ELI Unearity Error Integral, Independent VRT' VRB - NOM 0.4 % 

ELD Unea[ity .Error Differential 0.4 % 

CS Code Size VRT' VRB - NOM 30 170 % Nominal 

VOT Offset Voltage Top VIN - VRT +50 mV 

VOB Offset Voltage Bottom VIN - VRB -30 mV 

TCO Offset Voltage Temperature Coefficient ±20 /AV/oC 

BW Bandwidth, Full Power Input 7 MHz 

tTR Transient Response, Full Scale 10 ns 

SNR Signal- to - Noise Ratio 7MHz Bandwith, 

20MSPS Conversion Rate 

Peak SignallRMS Noise lMHz Input 45 dB 

7MHz Input 43 dB 

RMS SignallRMS Noise lMHz Input 36 dB 

7MHz Input 34 dB 

EAP Aperture Error 50 ps 

DP Differential Phase Error 1 FS - 4 x NTSC 1.5 Degree 

DG Differential Gain Error 1 FS - 4 x NTSC 2.5 % 

Note: 
1. In excess of Quantization. 

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 

-O.007BV 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. 

LSI Products Division 
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Calibration 

To calibrate the TDCl147, adjust VAT and VAB to set the 1st 
and 127th thresholds to the desired voltages. Assuming a 
OV to -lV input range, continuously strobe the converter with 
-O.0039V /1/2 LSB from OV) on the analog input, and adjust 
VAT for output toggling between codes 00 and 01. Then apply 
-0.996V (1/2 LSB from -lV) and adjust VAB for toggling 
between codes 126 and 127. 

The degree of required adjustment is indicated by the offset 
voltages, VOT and VOB. 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 Al and A2 in the Functional Block 

Typical Interface Circuit 

Figure 6 shows an example of a typical interface circuit for 
the TDCl147. 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. A zener diode provides a stable reference 
for both the offset and gain control. The amplifier has a gain 
of -1 providing the recommended 1 Volt p -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 
frequency response optimization. This may be replaced with a 

LSI Products Division 
TRW Electronic Components Group 

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, AT and AB, 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 AB. The 
bottom reference is a convenient point for gain adjust that is 
not in the analog signal path. 

fixed capacitor, whose value depends upon the circuit board 
layout and desired optimization. 

The bottom reference Voltage, VRB, is supplied by an inverting 
amplifier, followed 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 can be adjusted to cancel the gain 
error introduced by the offset Voltage, VOB, as discussed in 
the Calibration section. 
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Figure 5. Typical Interface Circuit 
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Unless otherwise specified. all resistors are 114W. 2%. 
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Ordering Information 

Product Package 
Number Temperature Range Screening Package Marking 

TDCl147J7C STD-TA· O°C to 70°C Commercial 24 Lead DIP 1147J7C 
TDCl147J7G STD-TA· DOC to 70°C Commercial With Burn-In 24 Lead DIP 1147J7G 

TDCl147B7C STD- TA • DOC to 7DoC Commercial 24 Lead CERDI? 1147B7C 
TDCl147B1G STD- TA • O°C to 70°C Commercial With Burn-In 24 Lead CERDI? 1147B7G 

TDCl147C3C STD- TA • O°C to 70°C Commercial 2B Contact Chip Carrier 1147C3C 
TDCl147C3G STD-T A • O°C to 70°C Commercial With Burn-In 2B Contact Chip Carrier 1147C3G 

TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TAW Inc. or 
others. 

Prefiminll'Y Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. COnlaet TRW for curlent information. 
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Evaluation Boards 

LSI Products Division 

TRW LSI Products provides individual 
evaluation boards which are intended to 
be used as proto typing aids in the 
evaluation of particular TRW devices, 
or as incoming inspection test fixtures. 
Each board is fully assembled and 
tested and contains all the necessary 

Board Resolution (Bits) 
TDC1007E1C/P1C B 

TDC1014E1CJP1C 6 

TDC1019E1C 
TDC1025E1C 
TDC1029E1C 
TDC1047E1C 
TDC1048E1C 

TRW Electronic Components Group 

peripheral circuitry which allows for 
quick and convenient operation of the 
device. Built on double-sided printed 
circuit boards, all of TRW's evaluation 
boards meet Eurocard (DIN 41612B) 
format requirements. 

Conversion Rate (MSPS) ECUTIL 
20 TTL 

25 TTL 

15 Eel 

50 Eel 

100 Eel 

20 TTL 

20 TTL 

E 3 
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TDC1 []01~1 C 
TDC1 007lE1 (C 

AID Converter Evaluation Board 
8-bit, 20MSPS 

The TDC1D07 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TOCl 007 Jl 8 - bit video analog -to - digital (AID) converter. The 
board contains circuitry for buffering input signals, generating 
reference Voltages, and regulating on -board power supply 
Voltages. All digital inputs and outputs are TTL compatible, and 
prElvisions are made for gain and offset adjustments. The board 
requires +5 and ± 15 Volt power supplies. 

There are two versions of the mCl007 evaluation board. The 
Pl C board has a standard 22/44 format edge connector 
interface, and the El C uses the Eurocard connector format. 

Features 

• Includes TDC1007J1C 8-bit AID Converter 

LSI Products Division 
TRW Electronic Components Group 
P.O. 80x 2472 
La Jolla, CA 92038 

TDC1007E1C 

• User - Selectable Input Impedance 
o User-Selectable Input Voltage Range 
o Unipolar Or Bipolar Operation 
o Gain And Offset Calibration Controls 

• Operates From + 5 And ± 15 Volt Power Supplies 

• Provision For Optional Digital Output Buffers 
• Eurocard (El C) Or 22144 Edge Connector (Pl C) Format 

Applications 

• Evaluation Of mCl007 AID Converter 
• System Prototyping Aid 
• Incoming Inspection Test Fixture 

Phone: 16191 457 -1 000 
Telex: 697 -957 
TWX: 910-335-1571 

TDC1007P1C 

©TRW Inc. 1985 
40G01347 Rev. 8-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 

Vcc >---...;.;....----------------------4~--------__, 

V+ >---~------~ 

AIN 

AGND r- ..., 
I I 

V- OPTIONAL b DATA 00-7 DATA OUT BUFFER 
I I 
L_ ....J 

CDNV 

NMINV NMINV 

NliNV NliNV 

DGND 

DGND 

Pin Assignments DGND A1 B1 -6V 

DGND Al B2 DGND 
DGND A3 B3 D7 
DGND A4 B4 D6 
DGND AS BS DS 
DGND A6 B6 NLiNV 

DGND A7 B7 D4 
DGND A8 B8 D3 
DGND A9 B9 DGND 
DGND A10 B10 DGND 

NC A AGND DGND A11 B11 D2 
NC B AGND DGND A12 B12 D1 (MSB) 
NC C AGND DGND A13 B13 NMINV 
NC D AGND DGND A14 B14 D8 (LSB) 
V- E AGND DGND A1S B15 CONY 

REF 2 F AGND DGND A16 B16 DGND 
V+ H AGND DGND A17 B17 DGND 

REF 1 J AGND DGND A18 B18 VCC 
AIN K AGND NC A19 B19 NC 
NC L 10 NC AGND Alo B20 NC 

VCC M 11 DGND AGND Al1 B21 AIN 
CONY N 12 DGND AGND Al2 B22 AGND 

(LSB) D8 P 13 DGND AGND Al3 B23 REF 1 
NMINV R 14 DGND AGND Al4 B24 V+ 

(MSB) D1 S 15 DGND AGND Al5 B25 AGND 
D2 T 16 DGND AGND Al6 B26 REF 2 

D3 U 17 DGND AGND Al7 B27 V-

D4 V 18 DGND AGND Al8 B28 AGND 
NLiNV W 19 DGND AGND Al9 B29 NC 

D5 X 20 DGND AGND A30 B30 NC 

D6 Y 21 DGND AGND A31 B31 NC 

D7 Z 22 -6V AGND A32 B32 NC 

TDC1007P1C TDC1007E1C 

LSI Products Division 
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Functional Description 

General Information 

The TOC1007 evaluation board consists of four functional 
sections: buffer amplifier, reference voltage generator, voltage 
regulators, and AID converter. The board is configured for 

Buffer Amplifier 

The input buffer amplifier has been designed specifically for 
standard baseband video. This amplifier is optimized for 
75 Ohm, 1 Volt p -p levels. It provides a gain of - 2 and 
offsets the output so that the AID converter receives a 
full-scale input signal from 0 to -2 Volts. 

The buffer amplifier is designed to drive the input capacitance 
of the TOC1007 AID converter. An NPN transistor buffer 

Voltage Reference 

The reference voltage for the TOC1007 is generated by 
operational amplifier U3B. This amplifier is buffered by a PN P 
transistor (04) in order to supply the reference current for the 

Voltage Regulators 

Two voltage regulator circuits are provided on the evaluation 
board for supplying power to the buffer amplifier. U30 and 03 
provide + 12 Volts for the buffer amplifier. U3A and Darlington 

AID Converter 

The TOC1007 integrated circuit is an 8-bit fully parallel (flash) 
analog - to - digital (AID) converter capable of digitizing an input 
signal at rates up to 20MSPS (MegaSamples Per Secondl. A 
single convert (CONV) signal controls the conversion operation 
of the device. The TOC1007 consists of 255 sampling 

Output Interface 

The TOCl 007El C and Pl C boards have provisions for 74S04 
Schottky TTL hex inverters for buffering data and improving 
output drive and fan - out capability. Provision is also made for 
pull - up resistors on the data outputs. The use of pull -up 

LSI Products Division 
TRW Electronic Components Group 

optional output data buffers. Analog and digital grounds are 
separated on the board in order to provide flexibility in system 
grounding. 

follows the wide band operational amplifier to provide improved 
current drive and insure frequency stability. 

Components C2 and Rl0 optimize the performance of the 
amplifier and are selected as part of the manufacturing 
process. The buffer amplifier is operated from + 12 and 
-6 Volt regulators which are included on the evaluation board. 

AID converter. The system gain is adjusted by varying the 
reference voltage IR12l. 

transistor 02 provide - 6 Volts for the buffer amplifier and the 
AID converter. U4 is a 2.5 Volt bandgap voltage reference for 
both regulators and the voltage reference source . 

comparators, encoding logic, and a latched output register. On 
the rising edge of the CONV signal, the comparators are 
latched and their outputs are encoded. On the next rising edge 
of the CONV signal, data is transferred to the TTL data 
outputs of the TOC1007. 

resistors or data buffers is recommended when the board is to 
drive long data lines. The data outputs of the TOC1007 are 
routed directly to the edge connector. 

E7 
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Mechanical Design 

The two versions of the evaluation board (P1 C, E1 Cl differ in 
mechanical configuration. The P1 C board is designed to 
interface with a standard 22/44 contact edge connector. The 
E1 C board is designed to meet the "Eurocard" format and 
interface with a standard 64 conductor Eurocard connector. 
Mating edge connectors are included with each evaluation 
board. 

The evaluation board can also accommodate a TOC1014 6-bit 
AID converter by using the 24 lead DIP footprint found inside 

Power Supplies 

The TDC1007 evaluation board operates from three power 
supply voltages: + 5.0, + 15, and -15 Volts. The return path for 
ICC (current from the +5.0 Volt power supplyl is DGND. The 
return path for I + and 1- (current from the + 15 and -15 Volt 
suppliesl is AGND. A user-installed jumper option routes the 

Name Function 

Vce Positive Logic Power Supply 
V+ Positive Analog Power Supply 
V- Negative Analog Power Supply 

AGNO Analog Ground 

°GNO Digital Ground 

-6V Jumper Optional -6 Volt Output 

Analog Input 

The TDC1007 evaluation board is supplied with a nominal input 
impedance of 75 Ohms and an input voltage range of 
1 Volt p - p. 80th input impedance and input voltage range 
may be changed. The values of input resistors R1 and R2 

Name Function 

Analog Input Voltage 

E 8 

the perimeter of the TOC1007's 64 lead DIP footprint and by 
appropriate electrical changes. 

The board has a standard 64 lead DIP socket for the TOC1007 
integrated circuit. These may be substituted with a "Zero 
Insertion Force" (ZIFI socket when the board is used as a test 
fixture. A recommended ZIF socket is made by Textool, Inc., 
part number 264-4493-00-0602. 

- 6.0 Volt regulator output to the edge connector. The use of 
all ground pins is recommended. Diodes 02 through 06 
function as voltage clamps which will prevent damage to the 
board if improper power supply voltages are applied. 

Value E1C P1C 

+5V BIB M 

+15V B24 H 
-15V B27 E 

OV A20-A32 1-9 
B22 
B25 
B2B 

OV AI-AlB 11-21 
B2 
B9 
BID 
B16 
B17 

-6V Bl 22 

determine the input impedance and voltage range of the 
evaluation board. Suggested values are shown in the Input 
Resistor Selection Table for various input impedances and 
voltage ranges. 

Value E1C P1e 
See Text 821 

LSI Products Division 
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Reference 

The TOClo07 evaluation board includes circuitry for generating 
the voltage reference for the AID converter. In addition, there 

Name Function 

REF 1 Auxilliary -1.0 Volt Output 

REF 2 - 2.0 Volt Reference Output 

Control Inputs 

Two control inputs are provided on the mClo07 evaluation 
board for modifying the format of the output data. When 
NMINV is tied to a logic "0," the most significant bit of the 
output data is inverted. When NLiNV is tied to a logic "0," the 
seven least significant bits of the output data are inverted. By 

Name Function 

NMINV Not Most Significant Bit INVert 

NLiNV Not least Significant Bit INVert 

Convert 

The mClo07 AID converter is sampled within lons (tSTol after 
the rising edge of the CONV signal. Delays through buffer 
amplifier U2 are not included in tSTO. Output data is latched 

Name Function 

CONV AID Clock Input 

Data Outputs 

The outputs of the mC1007 evaluation board are TTL 
compatible and capable of driving four low - power Schottky 
unit loads (54/74LSI. Data remains valid after the rising edge of 
the CONV signal for a minimum time, tHO, and the next data 
becomes valid after a maximum time of to. The evaluation 

Name Function 

01 MSB Most Significant Data Bit 

02 

03 

04 

05 

06 

07 
DB lSB least Significant Data Bit 

LSI Products Division 
TRW Electronic Components Group 

is an auxilliary -1.0 Volt reference voltage provided. These 
voltages are available at the edge connectors. 

Value E1C P1C 
-lV B23 J 
-2V B26 F 

using these DC controls, the output data can be represented in 
binary, inverse binary, two's complement, or inverse two's 
complement formats. Output data versus input voltage and 
control input state is illustrated in the Output Coding Table. 

Value E1C P1C 

TTL B13 R 

TTL B6 W 

on the next rising edge of the CONV signal. Note thllt there 
are minimum pulse width (tpWH, tpWLI requirements on the 
waveshape of the CONV signal. 

Value El C Pl C 

TTL B15 N 

board has provisions for optional 74S04 data buffers (U5, U61. .. ' 
When installing these circuits, it is necessary to open traces on 
the board which connect the inverter inputs to their 
corresponding outputs. 

Value E1C P1C 

TTL B12 S 

TTL Bll T 

TTL BB U 

TTL B7 V 

TTL B5 X 

TTL B4 Y 

TTL B3 Z 

TTL B14 P 

E 9 
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No Connects 

There are several pins or contacts to the TDC1007 evaluation 
board that have no connection to the circuit. These pins may 
be left open. 

Name Function 

NC No Connect 

Figure 1. Timing Diagram 

Value E1C P1C 

Open A19 10 

819 A,8 

820 C,O 
829-832 l 

t;::::= ~ • t· 'PWH =r- 'PWL I t 

CONY V \ 11 SAMPLE \1 'I ~SAMP---LE \'-------Ill '!.....IiI SAMPLE N + 1 N + 2 -

TDC1007 ANALOG INPUT N _--_._-

-1 t 

TDC1007 DIGITAL OUTPUT I 
------~~~~~~------~~~~~~----~~~~~~~----~-& 

'HO~~ 
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Absolute maximum ratings (beyond which the board may be damagedl 1 

Power Supply Voltages 

VCC (measured to 0GNOI .......................................................................................................................................................................................... -0.5 to +7.0V 

V+ (measured to AGNOI .......................................................................................................................................................................................... -0.5 to + 18.0V 

V- (measured to AGNOI ................................................................................................................................................................................... ; ...... +0.5 to -18.0V 

AGNO (measured to 0GNOI ...................................................................................................................................................................................... +0.5 to -0.5V 

Input Voltages 

CONV, NMINV, NliNV (measured to 0GNOI ......................................................................................................................................................... -0.5 to +5.5V 

AIN (measured to AGNOI ........................................................................................................................................................................................ +4.5 to -4.5V6 

Output 

Applied voltage ..................................................................................................................................................................................................... -0.5 to +5.5 V2,5 

Applied current, externally forced ............................................................................................................................................................... -1.0 to + 6.0 mA 3,4,5 

Short circuit duration (single output in HIGH state to 0GNOI ........................................................................................................................................ 1 sec 5 

Temperature 

Operating, ambient ...................................................................................................................................................................................................... -40 to +90°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 10 specified range. 

4. Current is specified as positive when flowing into the device. 

5. Applies to TDC1007 IC only, excluding optional data buffers. 

6. With input impedance of 75 Ohms, as supplied. 

Operating conditions 

Parameter Min Nom Max Units 
I 

VCC Positive Supply Voltage (measured to 0GNOI 4.75 5.0 5.25 V 

V+ Positive Supply Voltage (measured to AGNOI 14.25 15.0 15.75 V -V- Negative Supply Voltage (measured to AGNOI -14.25 -15.0 -15.75 V 

VAGNO Analog Ground Voltage (measured to 0GNOI -0.1 0.0 0.1 V 

tpWl CONV Pulse Width, lOW 1 25 ns 

tpWH CONV Pulse Width, HIGH 1 15 ns 

VIL Input Voltage, Logic LOW O.B V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOl Output Current, Logic LOW 2 4.0 mA 

IOH Output Current, Logic HIGH 2 -400 /.1 A 

AIN Input Voltage Range 3 0.0 1.0 V 

TA Ambient Temperature, Still Air 0 70 °c 

Notes: 
1. Applies 10 the TDC1007 IC only. 

2. TOC1007 IC only, excludes optional output data buffers. 

3. 750 Input Impedance as supplied, U2 offset zeroed. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current Vcc - MAX 100 mA 

1+ Positive Supply Current V+ - MAX 40 mA 

1- Negative Supply Current V- - MAX -540 mA 

liN Input Impedance 1 70 80 Ohms 

IlL Input Current, Logic LOW 2 VCC - MAX, VI - 0.5 -2.0 mA 

IIH Input Current, Logic HIGH 2 VCC - MAX, VI - 2.4V 75 f.1A 

VOL Output Voltage, Logic LOW 2 VCC - MIN, 10L - 4mA 0.5 V 

VOH Output Voltage, Logic HIGH 2 VCC - MIN, 10H - -400f.1A 2.4 V 

Notes: 
1. As supplied, user selectable. 

2. Applies to the TDC1D07 IC only, excludes optional output data buffers. 

Switching characteristics within specified operating conditions 1 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VCC - MIN, VEE - MIN 20 MHz 

tSTO Sampling TIme Offset 2 VCC - MIN, VEE - MIN 0 10 ns 

to Output Delay TIme 3 Vee - MIN, VEE - MIN 40 ns 

tHO Output Data Hold TIme 3 VCC - MIN, VEE - MIN 10 ns 

Notes: 
1. All parameters apply to TDC1007 IC only. 

2. Excludes delay from buffer amplifier, U2. 

3. Excludes optional output data buffers. 

TDC1007J1C performance characteristics within specified operating conditions 1 

Parameter Test Conditions Min Max Units 

ELI Linearity Error Integral. Independent 0.3 % 

ELO Linearity Error Differential 0.3 % 

BW Bandwidth, Full Power Input 7 MHz 

OP Differential Phase Error NTSC @ 4x Color Subcarrier 1.0 Degrees 

OG Differential Gain Error NTSC @ 4x Color Subcarrier 1.7 % 

Note: 
1. Items listed in this table are for the AID converter only. Contributions to these parameters from the buffer amplifier are not significant. 

LSI Products Division 
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Output Coding 

Binary Two's Complement 
Input Voltage 1 True Inverted True Inverted 

NMINV - 1 0 0 1 

NLiNV - 1 0 1 0 

0.0000 00000000 11111111 10000000 01111111 

+0.0039 00000001 11111110 10000001 01111110 

· · · · · · · · · · · · · · · +0.4978 01111111 10000000 11111111 00000000 

+0.5017 10000000 01111111 00000000 11111111 

· · · · · · · · · · · · · · · +0.9956 11111110 00000001 01111110 10000001 

+ 1.0000 11111111 00000000 01111111 10000000 

Note: 

1. Input voltage range is from 0.00 to + 1.00 Volt. !Input voltages are at code centers and the voltage offset of the buffer amplifier is nulled. I 

Calibration 

The evaluation board is calibrated by adjusting the offset and 
gain trim resistors, R 11 and R12. Offset can be calibrated 
when a voltage corresponding to 1/2 LSB above "zero -scale" 
is applied to the board input. The "OFFSET" potentiometer is 
then turned to a point where the output data toggles between 

lSI Products Division 
TRW Electronic Components Group 

"00000000" and "00000001." Gain is calibrated by applying 
voltage 1/2 LSB below full-scale and turning the "GAIN" pot 
until the output data toggles between "11111110" and 
"11111111." 

E 13 
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Input Resistor Selection Table (Values in Ohmsl 

Input Voltage Range 

liN 1V 2V 

Rl R2 Rl R2 
50 0 52.3 24.9 24.3 
75 0 80.B 37.4 39.2 
93 0 102 4B.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 ) 1 

liN 1000 

( 
1000 R2 ) 

R1 = l - ---
IN R2 + 1000 

where VR is the desired input voltage range of the board, liN 
is the desired input impedance of the board, and the constant 
value 1000 is given by the value of R3. 

E 14 

4V 5V 10V 

Rl R2 Rl R2 Rl R2 
37.4 12.7 40.2 10 45.3 4.99 
5B.2 19.1 BO.4 15.4 B8.1 7.5 
B9.8 23.7 75 19.1 84.5 9.31 

750 332 806 249 909 110 

LSI Products Division 
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Miscellaneous parts for evaluation boards 

Edge connector for mating TRW Cinch 271-22 -30 -1690 
with TDC1007P1C 
Eurocard connector mounted Winchester 64P-6033-0430, 
on TDC1007E1C DIN 41612 8 
Eurocard connector for 
mating with TOC1 007E1 C 
64 lead IC socket for U1 

Heat sink for 02 
Mica washer for 02 
Stitch -weld pins for 
R1 and R2 

Winchester 64S-6033-0422-1, 
DIN 41612 8 
Robinson - Nugent 
ICN-649-S5-G1 or 
ICN-649-S5-Ul 
Thermalloy 6D73B 
Delbert 8linn 500 -125 - 2 
Moore Systems 70050B 

Notes for Figure 2. Schematic of Evaluation Board 

1. All capacitor values are in microFarads tuFI unless otherwise noted. 
2. All capacitor voltage ratings are 50WVDC unless otherwise noted. 
3. All resistors are l/BW unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All Diodes are 1 N4001. 
6. Values for C2 and R 1 0 are selected during manufacturing. 
7. R23 is an eight-resistor SIP, 2.2 kOhms, 1/4W Inot supplied!, 
B. Edge connector numbers in parentheses IS 1 B, etc.! are for TOCl 007El C. 
9. AGND pins for TOC1007E1C are 822, 825, 82B, A20 to A32. 

10. DGND pins for TDC1007E1C are 82, 89, 810, 816, 817, Al to AlB. 
11. Pins 27, 31, 44, and 45 of Ul are connected to DGND. 
12. Pins 1-10, 23-25, and 51-64 of Ul are connected to AGND. 

LSI Products Division 
TRW Electronic Components Group 
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Figure 2. Schematic Of Evaluation Board 

VCC 

V+ 04 
+C12 

I 10 
':" 25V 

+ 

~1 
RB 

1.0 S.B 
25V 

Rl R9 
K. (821) 0 OHMS 2.0K 

AIN 

R7 

AGNO 240 
2W 

°GNO C5 
':" JO.l 

+ C11 
10 
25V 

V-

"GAIN" 
R12 
10 TURN R13 
2K 20K 

N. (815) 

CONY 

W. (8S) 

NLiNV 

R. (813) 

NMINV 
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TDC1007P1C Assembly 

-, -8- C5 0 D 0 0 

0 

I::::::::::::::::,::::::::::::::] 0 ~I[;~l! I 
: Ii I 0 c:::=J .8 0 0 0 LiJI us 10 c:::=J 

o 0 o .... ~~ ·°00 eol 10= 
4.500 O@= R7 ~ R22 ~ ~@] + L ___ J 0 c:::=J 

4.200 OFFSET 8~ BRIO ~ ~ ~ 0 c:::=J 
~ RI' " 8 ~"'~~ 0= @IJ U2 ~ 0 c::::::J 3.570 

~ .. ~ ~@]8 ~ ~.. ~ g 
q ." o~ 0 ~eo= , •• <>4'''~ o~o o~",.o= 

~ 0 03 e 0 c::::::J 
0.052 ~o c:jj[~~':::18 f<l ·0 ~ ~ l 

Q2 0 ' Q4 0 0 c:==:J T , 8 @!] RIB ~ 0 0 c:::::J 
C9 + ~ 0 

-8- ~N'~08~A~C:~:S 0 0.485 
-'-

~ 

I-
I----

0.350 

5.300 

Notes: 
1. R23. U5 and U6 not supplied. 

2. All dimensions in inches. 
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E 18 TRW Electronic Components Group 



TDC1007E1C I TDC1007P1C 

TDC1007E1C Assembly 

-8- @] 0 0 

OFFSET 

3.680 

-8-

I: 
---6.300----r----1 

r--·---------6.600 ----------~ 

Notes: 
1. R23, U5 and U6 not supplied. 

2. All dimensions in inches. .. 
Ordering Information 

Product Description Order 
Number Number 

TDC1007E1C Eurocard Format Board With AID Converter TDC1007E1C 

TDC1007P1C 22144 Edge Format Board With AID Converter TDC1007P1C 

LSI Products Division 
TRW Electronic Components Group E 19 
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TDC1014E1C 
TDC1014P1C 

AID Converter Evaluation Board 
6-bit, 25MSPS 
The TDC1014 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TDC1014 6-bit videa analog-ta-digital lAID) converter. The 
board contains circuitry for buffering input signals, generating 
reference Voltages, and regulating on - board power supply 
Voltages. All digital inputs and outputs are TIL compatible, and 
provisions are made for gain and offset adjustments. The board 
requires + 5 and ± 15 Volt power supplies. 

There are two versions of the TDC1014 evaluation board. The 
Pl C board has a standard 22/44 format edge connector 
interface, and the El C uses the Eurocard lOIN 41612B) 
connector format. 

Features 

• Includes TDC1014 6-Bit AID Converter 

• User-Selectable Input Impedance 

• User - Selectable Input Voltage Range 

• Unipolar Or Bipolar Operation 
• Gain And Offset Calibration Controls 

• Operates From +5 and ± 15 Volt Power Supplies 

• Optional Digital Output Buffers 

• Eurocard IEl C) Or 22/44 Edge Connector IPl C) Format 

Applications 

• Evaluation Of TDC1014 AID Converter 

• System Prototyping Aid 

• Incoming Inspection Test Fixture 

TDC1014E1C 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

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

TDC1014P1C 

©TRW Inc. 1985 
40G00279 Rev. C-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 

Vcc )--..:..:.....-----------....... --------, 

AIN 

AGND r- -, 
I I 

V-
DI-6 

DPTIONAL b DATA 

~~~fER DUT 
I I 
L_ -.J 

CDNV 

NMINV NMINV 

NLiNV NLiNV 

DGND 

DGND 

Pin Assignments 

DGND A1 B1 -BV 
DGND A2 B2 DGND 
DGND A3 B3 NC 
DGND A4 B4 D6 (LSB) 
DGND A5 B5 D5 
DGND A6 B6 NLiNV 
DGND A7 B7 D4 
DGND AB BB D3 
DGND A9 B9 DGND 
DGND A10 B10 DGND 
DGND A11 B11 D2 NC A 1 AGND 
DGND A12 B12 D1 (MSB) NC B 2 AGND 
DGND A13 B13 NMINV NC C 3 AGND 
DGND A14 B14 NC NC D 4 AGND 
DGND A15 B15 CONY V- E 5 AGND 
DGND A16 B16 DGND REF 2 F 6 AGND 
DGND A17 B17 DGND V+ H 7 AGND 
DGND A1B B1B VCC REF 1 J B AGND 

NC A19 B19 NC AIN K 9 AGND 
AGND A20 B20 NC NC L 10 NC 
AGND A21 B21 AIN VCC M 11 DGND 
AGND A22 B22 AGND CONY N 12 DGND 
AGND A23 B23 REF 1 NC P 13 DGND 
AGND A24 B24 V+ NMINV R 14 DGND 
AGND A25 B25 AGND (MSB) D1 S 15 DGND 
AGND A26 B26 REF 2 D2 T 16 DGND 
AGND A27 B27 V- D3 U 17 DGND 
AGND A2B B26 AGND D4 V 1B DGND 
AGND A29 B29 NC NLiNV W 19 DGND 
AGND A30 B30 NC D5 X 20 DGND 
AGND A31 B31 NC (LSB) D6 y 21 DGND 
AGND A32 B32 NC NC Z 22 -BV 

TDC1014E1C TDC1014P1C 

LSI Products Division 
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Functional Description 

General Information 

The TDC1014 evaluation board consists of four functional 
sections: Buffer amplifier, reference voltage generator, voltage 
regulators, and AID converter. The board is configured for 

Buffer Amplifier 

The input buffer amplifier has been designed specifically for 
standard baseband video. This amplifier is optimized for 75 
Ohm 1 Volt p - p input levels. It provides a gain of -1 and 
offsets the output so that the AID converter receives a 
full-scale input signal from 0 to -1 Volt. 

The buffer amplifer is capable of driving the input capacitance 
of the TDC1014 AID converter. An NPN transistor buffer 

Voltage Reference 

The reference voltage for the TDC1014 is generated by 
operational amplifiers U3B and U3C. The system gain is 
adjusted by varying the reference voltage 1R121. 

Voltage Regulators 

Two voltage regulator circuits are provided on the evaluation 
board for supplying power to the buffer amplifier. U3D and 03 
provide + 12 Volts for the buffer amplifier. U3A and Darlington 

AID Converter 

The TDC1014 integrated circuit is a 6-bit fully parallel (flash I 
analog -to - digital (AIDI converter capable of digitizing an input 
signal at rates up to 25MSPS (MegaSamples Per Secondl. A 
single convert (CO NVI signal controls the conversion operation 
of the device. The TDC1014 consists of 63 sampling 

Output Interface 

The TDC1014E1C and P1C boards have provisions for 74S04 
Schottky TTL hex inverters for buffering data and improving 
output drive and fan - out capability. Provision is also made for 
pull- up resistors on the data outputs. The use of pull- up 

LSI Products Division 
TRW Electronic Components Group 

optional input and output data buffers. Analog and digital 
grounds are separated on the board in order to provide 
flexibility in system grounding. 

follows the wideband operational amplifier to provide improved 
current drive and insure frequency stability. 

Components C2 and Rl0 optimize the performance of the 
amplifier and are selected as part of the manufacturing 
process. The buffer amplifier is operated from + 12 and 
- 6 Volt regulators which are included on the evaluation board. 

transistor 02 provide - 6 Volts for the buffer amplifier and the 
AID converter. U4 is a 2.5 Volt bandgap voltage reference for 
both regulators and the voltage reference source. 

comparators, encoding logic, and a latched output register. On 
the rising edge of the CONV signal, the comparators are 
latched and their outputs are encoded. On the next rising edge 
of the CONV signal, that data is transferred to the TTL data 
outputs of the TDC1014. 

resistors or data buffers is recommended for optimum results. 
The data outputs of the TDC1014 are routed directly to the 
edge connector. 

E 23 
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Mechanical Design 

The two versions of the evaluation board (P1C, E1CI differ in 
mechanical configuration. The P1C board is designed to 
interface with a standard 22/44 contact edge connector. The 
E1 C board is designed to meet the "Eurocard" format and 
interface with a standard 64 conductor Eurocard (DIN 4161281 
connector. Mating edge connectors are included with each 
evaluation board. 

Power Supplies 

The TDC1014 evaluation board operates from three power 
supply voltages: + 5.0, + 15, and -15 Volts. The return path for 
ICC (current from the +5.0 Volt power supplyl is DGND. The 
return paths for I + and 1- (current from the + 15 and -15 
Volt suppliesl is AGND. A user-installed jumper option routes 

Name Function 

vee Positive Power Supply 
V+ Positive Power Supply 
V- Negative Power Supply 

AGNO Analog Ground 

°GNO Digital Ground 

The evaluation board can also accommodate a TDC1007 8-bit 
AID converter by using the 64 lead DIP footprint (found outside 
the perimeter of the TOC1014's 24 lead DIP footprintl with 
appropriate circuit changes. 

The board has a standard 28 pin socket for the TOC1014 
integrated circuit. It may be substituted with a "Zero Insertion 
Force" (ZIFI socket if the board is used as a test fixture. 

the - 6.0 Volt regulator output to the edge connector. The use 
of all ground pins is recommended. Diodes 02 through 06 
function as voltage clamps which will prevent damage to the 
board if improper power supply voltages are applied. 

Value E1C P1C 

+5V BIB M 

+15V B24 H 

-15V B37 E 

OV A20-A32 1-9 

B22 
B25 

B2B 

OV AI-AlB 11-21 

B2 

B9 

Bl0 
B16 

B17 

-6V Jumper Optional - 6 Volt Output -6V Bl 22 

Analog Input 

The TDC1014 evaluation board is configured with a nominal 
input impedance of 75 Ohms and an input voltage range of 
1 Volt p - p. The input impedance and input voltage range may 
be modified by the user. The values of input resistors R1 and 

Name Function 

Analog Input Voltage 

E 24 

R2 determine the input impedance and voltage range of the 
evaluation board. Suggested values are shown in the Input 
Resistor Selection Table for various input impedances and 
voltage ranges. 

Value E1C 

See Text B21 

LSI Products Division 
TRW Electronic Components Group 
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Reference 

The TOC1014 evaluation board includes circuitry for generating 
the voltage reference for the AID converter. In addition, there 

Name Function 

REF 1 -1.0 Volt Reference Output 

REF 2 Auxilliary - 2.0 Volt Output 

Control Inputs 

Two control inputs are provided on the TDC1014 evaluation 
board for modifying the format of the output data. When 
NMINV is tied to a logic "0," the most significant bit of the 
output data is inverted. When NLiNV is tied to a logic "0," the 
five least significant bits of the output data are inverted. By 

Name Function 

is an auxilliary - 2.0 Volt reference voltage provided. These 
voltages are available at the edge connectors. 

Value EtC 
-lV B23 

-2V B26 

PtC 
J 

F 

using these DC controls, the output data can be represented in 
binary, inverse binary, two's complement, or inverse two's 
complement formats. Output data versus input voltage and 
control input state is illustrated in the Output Coding Table. 

Value EtC PtC 
NMINV Not Most Significant Bit INVert TTl B13 R 
NliNV Not least Significant Bit INVert TTl B6 W 

Convert 

The comparators in the TOC1014 AID converter are latched 
within 10ns (tSTOI after the rising edge of the CONV signal. 
Delays through the buffer amplifier are not included in tSTO. 

Name Function 

CoNV AID Clock Input 

Data Outputs 

The outputs of the TDC1014 evaluation board are TTL 
compatible and capable of driving four low - power Schottky 
unit loads 154174LSI. Data remains valid after the rising edge of 
the CONV signal for a minimum time, tHO, and the next data 
becomes valid after a maximum time of to. The evaluation 

Name Function 

Dl (MSB) Most Significant Data Bit 

D2 

D3 

D4 

05 
06 (lSB) least Significant Data Bit 

LSI Products Division 
TRW Electronic Components Group 

Output data is latched on the next rising edge of the CO NV 
signal. Note that there are minimum pulse width ItpWH, tpWLI 
requirements on the waveshape of the CONV signal. 

Value EtC PtC 
TTl 815 N 

board has provisions for optional data buffers 174S041. When 
installing these circuits, it is necessary to open traces on the 
board which connect the inverter inputs to their corresponding 
outputs. 

Value EtC Ptc 
TTL B12 S 

TTL Bll T 

TTl BB U 

TTl B7 V 

TTl B5 X 

TTl B4 y 

E 25 
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No Connects 

There are several pins or contacts to the TDC1014 evaluation 
board that have no connection to the circuit. These pins may 
be left open. 

Name Function 

NC No Connect 

Figure 1. Timing Diagram 

Value 

Open 

E1C P1C 

A19 10 
819 A,8 

820 C, D 

829-832 L 

83 Z 

814 P 

Ir=~ "11 'PWH=r-'PW'l 1 
CONY 'I \ II SAMPLE \1 'I SAMPLE \'--------111 ~I SAMPLE . N + 1 . N + 2 -

TDC1014 ANALOG INPUT N -:=:.::;:;;:.~::::::::~~-_____ -t' ~----___ l-

-l 1 
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Absolute maximum ratings (beyond which the board may be damagedl 1 

Power Supply Voltages 

VCC (measured to 0GNOI .......................................................................................................................................................................................... -0.5 to + 7.0V 

V+ (measured to AGNOI .......................................................................................................................................................................................... -0.5 to + 18.0V 

V- (measured to AGNOI .......................................................................................................................................................................................... +0.5 to -18.0V 

AGNO (measured to 0GNOI ...................................................................................................................................................................................... +0.5 to -0.5V 

Input Voltages 

CONY, NMINV, NLINV (measured to DGNOI ......................................................................................................................................................... -0.5 to +5.5V 

AIN (measured to AGNOI ........................................................................................................................................................................................ +4.5 to -4.5V6 

Output 

Applied voltage ....................................................................................................................................................................................................... -0.5 to +5.5V2,5 

Applied current, externally forced ................................................................................................................................................................. -1.0 to + 6.0mA 3,4,5 
Short circuit duration (single output in HIGH state to 0GNOI ........................................................................................................................................ 1 sec 5 

Temperature 

Operating, ambient .......................................................................................................................................................................................................... - 40 to 90DC 

Storage .......... , ................................................................................................................................................................................................................ -65 to 150DC 

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. 

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

3. Forcing voltage must be limited to specified rang3. 

4 Current is specified as positive when flowing into the device. 

5. Applies to TOC1014 IC only; excludes optional output data buffers. 

6. With input impedance of 75 Ohms, as supplied 

Operating conditions 

Parameter Min Nom Max Units 

VCC Supply Voltage (Measured to DGNOI 4.75 5.0 5.25 V 

V+ Positive Supply Voltage (Measured to AGNOI 14.25 15.0 15.75 V .. 
V- Negative Supply Voltage (Measured to AGNOI -14.25 -15.0 -15.75 V 

VAGNO Analog Ground Voltage (Measured to 0GNOI -0.1 0.0 +0.1 V 

tpWl CONY Pulse Width, lOW 1 19 ns 

tpWH CONY Pulse Width, HIGH 1 15 ns 

Vll Input Voltage, logic lOW 0.8 V 

VIH Input Voltage, logic HIGH 2.0 V 

IOl Output Current, logic LOW 2 4.0 mA 

IOH Output Current, logic HIGH 2 -400 f.,IA 

AIN Input Voltage Range 3 0.0 1.0 V 

TA Ambient Temperature, Still Air 0 70 DC 

Notes: 
1. Applies to the TOC1014 IC only. 

2. TDC1014 IC only; excludes optional output data buffers. 

3. 75 n input impedance, as supplied, U2 offset zeroed. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Parameter Test Conditions 

ICC Supply Current Vcc - MAX 
1+ Positive Supply Current v+ = MAX 

1- Negative Supply Current v- = MAX 

liN Input -tmpedance 

III Input Current, logic LOW 1 VCC = MAX, VI - 0.5V 

IIH Input Current, Logic HIGH 1 VCC = MAX, VI = 2.4V 

VOL Output Voltage, logic lOW 1 VCC - MIN, IOl = 4mA 

VOH Output Voltage, logic HIGH 1 VCC = MIN, IOH = -400/1A 

Note: 
1. Applies to the TDC1014 IC only; excludes optional output data buffers. 

Switching characteristics within specified operating conditions 1 

Parameter 

FS 

tSTO 

to 

tHO 

Note: 

Maximum Conversion Rate 

Sampling Time Offset 2 

Output Delay 3 

Output Hold Time 3 

1. All parameters apply to the TDC1014 IC only. 

2. Excludes delay from buffer amplifier, U2. 

3 Excludes optional output data buffers 

Test Conditions 

VCC - MIN, VEE - MIN 

Vce - MIN, VEE - MIN 

Vce - MIN, VEE = MIN 

Vee - MIN, VEE - MIN 

TDC1014J7C performance characteristics within specified operating conditions 1 

Parameter 

ELI linearity Error Integral. Independent 

ELO linearity Error Differential 

BW Bandwidth, Full power Input 

Note: 

Min Max 

100 

40 

-300 

70 80 

-2.0 

75 

0.5 

2.4 

Min Max 

25 

-2 10 

35 

10 

Min Max 

0.4 

0.4 

12 

1. Items listed in this table are for the AID converter only. Contributions to these parameters for the buffer amplifier are not significant. 
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Output Coding 1 

Input Voltage Binary Two's Complement 
True Inverted True Inverted 

NMINV - 1 0 0 1 

NLiNV - 1 0 1 0 

0.0000 000000 111111 100000 011111 
+0.0159 000001 111110 100001 011110 

· · · · · · · • · • 
+0.4920 011111 100000 111111 000000 
+0.5079 100000 011111 000000 111111 

· • · · • 
· · · • · +0.9841 111110 000001 011110 100001 

+ 1.0000 111111 000000 011111 100000 

Note: 
1. Input voltage range is from 0.00 to + 1.00 Volt, no offset added. (Input voltages are at code centers and the voltage offset of the buffer 

amplifier is nulled'! 

Calibration 

The evaluation board is calibrated by adjusting the offset and 
gain trim resistors, Rll and R12. Offset can be calibrated 
when a voltage corresponding to 1/2 LSB greater than 
"zero -scale" is applied to the board input. The "OFFSET" 
potentiometer is then adjusted to a point where the output 

Input Resistor Selection Table (values in Ohmsl 

data toggles between "000000" and "000001." Gain is 
calibrated by applying a voltage 1/2 LSB less than full-scale 
and adjusting the "GAIN" pot until the output data toggles 
between "111110" and "111111." 

Input Voltage Range 

liN lV 2V 

Rl R2 Rl R2 
50 24.9 25.5 37.4 12.7 
75 37.4 39.2 56.2 19.1 

93 46.4 48.7 69.8 23.7 
lK 499 1000 750 332 

For input voltage ranges and input impedances not covered by 
the Input Resistor Selection Table, the following formulas may 
be used to calculate R 1 and R2: 

1 

R2 =(2VR) 1 
liN 1000 

( 
1000 R2 ) 

Rl = ZIN - R2 + 1000 

LSI Products Division 
TRW Electronic Components Group 

4V 5V 10V 

Rl R2 Rl R2 Rl R2 
43.2 6.19 45.3 4.99 47.5 2.49 
64.9 9.53 6B.l 7.50 71.5 3.74 

80.6 11.8 84.5 9.31 SS.7 4.64 

866 143 909 110 953 52.3 

where VR is the desired input voltage range of the board, liN 
is the desired input impedance of the board, and the constant 
value 1000 is given by the value of R3, 

E 29 
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Schematic of Evaluation Board 
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LSI Products Division 
TRW Electronic Components Group E 31 



TDC1014E1C I TDC1014P1C 

Notes for Schematic of Evaluation Board 

Miscellaneous 

E 32 

1. All capacitor values are in microFarads (,llFI. 
2. All capacitor voltage ratings are 50WVDC unless otherwise noted. 
3. All resistors are 1/8W unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All diodes are 1 N4001. 
6. Values for C2 and Rl0 are selected during manufacturing. 
7. R23 is an eight-resistor SIP, 2.2kOhms 1/4W (not supplied I. 
8. Edge connector numbers in parenthes (818, etc.I are for TDC1014E1C. 
9. AGND pins for TDC1014E1C are 822, 825, 828, A20 to A32. 
10. DGND pins for TDC1014E1C are 82,' 89, 810, 816, 817, Al to A18. 

Edge connector for mating 
with TDC1014P1C 
Eurocard connector mounted 
on TDC1014E1C 
Eurocard connector for 
mating with TDC1014E1C 
Heatsink for 02 
Mica washer for 02 
Stitch -weld pins for 
Rl and R2 

TRW Cinch 271-22-30-1690 

Winchester 64P-6033-0430, 
DIN 416128 
Winchester 64S - 6033 - 0422 -1, 
DIN 416128 
Thermalloy 60738 
Delbert 81inn 500 -125 - 2 
Moore Systems 700508 

LSI Products Division 
TRW Electronic Components Group 
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TDC1014E1C Assembly 

T8
-

@] 0 0 

0.130 

3.94ll 3.680 

GAIN 

-8-
-L--.2.. ..... --------------------------------------------"-1 0.130 

r-: 
----6.300 --:--r 

~ .• -~-------------------- 6.~ -------------------------~~ 

Notes: 
1. R23, U5 and U6 not supplied. .. 
2. All dimensions in inches. 
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TDC1014P1C Assembly 

o -,- -8- C5 

CJ o 0 

o 
,... - - - -, 0 c:::::::J 

O 
["'::0c:::::::::J 
I II I 
::' U6 I 0 c:::::::J 

U1 0 ::: I 0 c::::::J 
I Ell :L ___ J 0 c:::::::J 

I I 0 
: ir---i c:::::::J I:: : 0 c:::::::::J 

(0 ~ 0 G 'iJI U5 : 0 c:::::::J 
00 0·C14 ~22fp ~~O e °L __ J~ g 

." to .: ~ " ~§ffi:~ ~" ~~~D4 ~ 0 g 3.570 

~ R20 ~~~~8 ~ .. "' ~ g 
H ~ roo 00 0

0 ~QCIOO~~ H RI2 0 ~ 0 V '----l 

L..GA-IN---~ '" ~ o~ 0 0 ~ • e:~ 

~o [jl~~·~:::'",;;'; '0 0 ~1' 
Q2 0 I ~ 0 0 c:=:::JT 

I T:\ [ill] RIB ~ 0 0 c:=::J v+ ~ 0 _~',----l-

4.500 

_.L-_-_L-~~-e--------------------------------------------------~-~~-FO-~~-A~-S-g_s_O __ /-I ___ ~ 

I 

r---
0.350 

~ .. ------5.300-------i 

Notes: 
1. R23, U5 and U6 not supplied. 
2. All dimensions in inches. 

Ordering Information 

Product Description Order 
Number Number 

TDC1014E1C Eurocard Format Board With AID Converter TDC1014E1C 

TDC1014P1C 22/44 Edge Format Board With AID Converter TDC1014P1C 

LSI Products Division 
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TDC1019E1C 

AID' Converter Evaluation Board 
9-Bit, 15MSPS 
The TOC1019 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TOC1019 9-bit video analog-to-digital (AID I converter. The 
board contains circuitry for buffering the input signal, 
generating reference voltages, regulating supply Voltages, and 
buffering output data. All digital inputs and outputs are ECl 
compatible. Provisions are made for gain, offset, and linearity 
adjustments. The board requires - 5.2 and ± 15 Volt power 
supplies. 

Features 

• Includes TDC1019 9-Bit AID Converter 
• User-Selectable Input Impedance 
• User - Selectable Input Voltage Range 

TDC1019E1C 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Unipolar Or Bipolar Operation 
• Gain And Offset Calibration Controls 
• Mid - Scale Linearity Adjustment Control 
• Operates From ± 15 and -5.2 Volt Power Supplies 
• Differential ECl Output Buffers 
• low Profile Eurocard Format 

Applications 

• System Prototyping Aid 
• Incoming Inspection Test Fixture 
• Evaluation Of TOC1019 AID Converter 

Phone: (6191 457 -1000 
Telex: 697-957 
TWX: 910-335-1571 

©TRW Inc. 1985 
40G01698 Rev. B-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 

V+ 

Rl 
VIN 

R2 TDC1019Jl 

AGNO )---~J---1---~ ....... -t--------t AGNO 

Pin Assignments 
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DGND2 A14 
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DGNDI A19 
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TDC1019E1C, E2C 

Rr 
°1_9 

°1-9 

RS 

CONY 

CONY VEE 
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CONV 
D9 (LSB) 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D, (MSB) 
NC 
NC 
VEE2 
NC 
NC 

DGND2 
NC 
VEE1 
NC 

DGNDI 
NC 
VRBS 
VREF 
NC 
AIN 
-6V 
V+ 
NC 
V-
01 SUPPLY 
NC 
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TDC1019E1C 

Functional Description 

General Information 

The TOC1019 evaluation board consists of four circuit blocks: 
the buffer amplifier, reference voltage generator, voltage 
regulators, and AID converter. The board also contains 

Buffer Amplifier 

The input buffer amplifier has been designed specifically for 
standard baseband video. This amplifier is optimized for a 75 
Ohm, 1 Volt p - p input level. It has a gain factor of - 2 and 
can offset the output so that the AID converter receives a 
full-scale input signal of 0 to -2 Volts. 

The buffer amplifier is designed to drive the input capacitance 
of the AID converter. An NPN transistor buffer follows the 

Voltage Reference 

The reference Voltage for the TOC1019 is generated by 
operational amplifier U3A. This amplifier is buffered by PNP 
transistor, Q4, in order to supply the reference current for the 
AID converter. Gain is adjusted by varying R12 which changes 

Voltage Regulators 

Two voltage regulator circuits are provided on the evaluation 
board to supply power to the buffer amplifier. U3C and Q3 
provide + 12 Volts while U3D and transistor Q2 provide -6 

AID Converter 

The TOC1019 integrated circuit is a 9 - bit fully parallel (flashl 
analog -to -digital (AID I converter capable of digitizing an input 
signal at rates up to 18MSPS (MegaSamples Per Second!. 
TOC1019 evaluation boards come with the standard 15MSPS 
AID converter installed. A speed selected (-11 version of the 
TOC1019 is capable of 18MSPS operation. A differential ECl 
CONVert (CONVI signal controls the conversion operation of the 

Output Interface 

The evaluation board includes differential ECl line receivers 
(M Cl 01161 for buffering the output data. Provisions are also 

lSI Products Division 
TRW Electronic Components Group 

differential ECl output data buffers. Analog and digital grounds 
are separated on the board in order to provide flexibility in 
system grounding. 

wideband operational amplifier to provide improved current 
drive capability and insure frequency stability. 

Components C2, C8, C18, and Rl0 optimize the performance of 
the amplifier and are selected during the manufacturing 
process. The buffer amplifier is operated from + 12 and -6 
Volt regulators which are included on the evaluation board. 

the reference Voltage. The sense tap at the bottom of the 
reference resistor chain is used inside the loop of U3A to 
minimize the offset Voltage caused by parasitic resistances 
associated with the RS pin of the TOC1019. 

Volts. Both regulators and the voltage reference circuit are 
referred to the output of U4, a 2.5 Volt bandgap voltage 
reference device. 

device. The TDC1019 consists of 512 sampling comparators, 
encoding logic, and a latched output register. On each rising 
edge of the CONV signal, the comparators are latched and 
their outputs encoded into binary data. On the next rising edge 
of the CONV signal, the encoded result is transferred to the 
differential ECl data outputs of the AID converter. 

made for terminating all data outputs. Termination resistors are 
not included with the board. 

E 37 
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TDC1019E1C 

Mechanical Design 

The board is designed to meet standard "Eurocard" format and 
interface with a standard 64 conductor Eurocard connector. A 
DIN 41612B mating connector is included with each evaluation 
board for the user's convenience. 

Power Supplies 

The TDC1019 evaluation board operates from three power 
supplies, - 5.2, + 15, and -15 Volts (VEEl and VEE2, V +, and 
V -I. Power to the AID is supplied by VEEl while the ECl 
output buffers are powered from VEE2. These are kept 
separate on the board but may be connected to the same 
power source. The return path for IEEl (current from VEEl I is 
DGND1. The return path for IEE2 Icurrent from VEE21 is 
DGN02. The return path for I + and 1- (current from V + and 

Name Function 

A standard 64 pin socket for the TDC1019 integrated circuit is 
used on the board. The board is arranged so that this socket 
may be replaced by a "Zero Insertion Force" IZIFI socket if the 
evaluation board is used as a test fixture. A recommended ZIF 
socket is made by Textool Inc, part number 
264-4493 -00 -0602. 

V - I is AGND. It is recommended that all ground pins be used. 
The output of the - 6 Volt regulator is routed to the edge 
connector for the user's convenience. Power for the collector 
of Ql may be supplied to the board separately by breaking 
jumper A-B and 'using egde connector pin 831. Diodes 02 
through 09 function as voltage clamps which prevent damage 
to the board should improper power supplies be applied. 

Value E1C 

V+ Positive Analog Power Supply 15V B2B, B31 

V- Negative Analog Power Supply -15V B30 

VEEl Negative Supply For AID Converter -5.2V B19 

Vm Negative Supply For Data Buffers -5.2V B14 

AGND Analog Ground O.OV A22-A32 

DGNDl Digital Ground O.OV A1B-A21 

B21 

DGND2 Digital Ground For Data Buffers O.OV Al, Bl 

A12-A17 

B17 

-6.0 -6 Volt Regulator Output -6.0V B27 

Ql Supply Optional Positive Power Supply 15V B31 

Analog Input 

The TOC1019 evaluation board is configured with a nominal 
input impedance of 75 Ohms and an input voltage range of 
1 Volt p - p. 80th input impedance and input voltage range 
may be changed. The values of input resistors Rl and R2 

determine the input impedance and voltage range of the 
evaluation board. Suggested values for various input 
impedances and voltage ranges are shown in the Input 
Resistor Selection Table. 

Name Function Value E1C 

Signal Input To Board See Text B26 

LSI Products Division 
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Reference 

The evaluation board contains all of the circuitry needed for 
generation of a stable reference voltage for the AID converter. 

Name Function 

The reference voltage and reference sense points are 
accessible through the edge connector. 

Value E1C 

VREF Reference Output Voltage -2.0V B24 

VRBS Reference Sense Output -2.0V B23 

Convert 

The TDC1019 AID converter is sampled within 10ns (tSTD) of 
the rising edge of the CONV signal. Delays through buffer 
amplifier U2 are not included in tSTD. Output data is latched 

on the next rising edge of the CONV signal. Note that there 
are minimum pulse width (tpWH, tpWl) requirements on the 
waveshape of the CONV signal. 

Name Function Value E1C 

CONV CONVert Command Input ECl B2 

CONV CONVert Command Input (ComplemenU ECl A2 

Digital Outputs 

The outputs of the TDC1Ol9 evaluation board are differential 
ECl compatible. Provisions are made for terminating resistors 
for each data output. Data remains valid after the rising edge 

of the CONV signal for a minimum time, tHO, and the next 
data becomes valid after a maximum time of to. 

Name Function Value E1C 

D1 (MSBI Most Significant Data Output ECl Bll 

tii (MSBI Most Significant Data Output Unvl ECl All 

02 ECl Bl0 

D2 ECl Al0 

03 ECl B9 

OJ ECl AS 

04 ECl BB 

D4 ECl AB 

05 ECl B7 

55 ECl A7 

06 ECl B6 

DB ECl A6 

°7 ECl B5 

OJ ECl A5 

DB ECl B4 

DB ECl A4 
09 (lSBI least Significant Data Output ECl 83 
Os (lS81 least Significant Data Output Unvl ECl A3 

lSI Products Division 
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No Connects 

There are several pins on the TDC1019 evaluation board that 
have no connections to the circuit. These pins may be left 
open. 

Name Function Value E1C 

NC No Connection Open 812, 813 

815,816 

81B, 820 

822, 825 

829, 832 

Figure 1. Timing Diagram 

_ 1---'- '1" 'PWH--j--'PWIj I CO~ .... li_ \---.... -,1,----, r--""""A 
CON!.l''- __ JX XI'- __ J~I "'I'---JX 1'---

SAMPLE SAMPLE SAMPLE 

TDC1019 ANALOG INPUT N N+ 
1 

N+2 

BOARD DIGITAL OUTPUT I 
------~~~~~~------~~~~~~------~~~~~~------~~ 
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Absolute maximum ratings (beyond which the board may be damagedl' 

Power Supply Voltages 

VEEI (measured to DGNDI) ................................................................................................................................................................................... +0.5 to -7.0V 

VEE2 (measured to DGND2) ................................................................................................................................................................................... +0.5 to -7.0V 

V+ (measured to AGND) ....................................................................................................................................................................................... -O.S to + IB.OV 

V- (measured to AGND) ....................................................................................................................................................................................... +O.S to -IB.OV 

VAGND (measured to DGND1) ............................................................................................................................................................................... +0.5 to -0.5V 

VDGND2 (measured to DGND1) ............................................................................................................................................................................. +0.5 to -0.5V 

Input Voltages 

CONV, CONV (measured to DGND) ......................................................................................................................................................................... +0.5 to -7.0V 

AIN (measured to AGND) ........................................................................................................................................................................................ +4.5 to -4.5V2 

Temperature 

Operating ambient ........................................................................................................................................................................................................ -40 to SO°C 

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

Notes: 
I. 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. With input impedance of 75 Ohms, as supplied. 

Operating conditions 

Parameter Min Nom Max Units 

VEE! Negative Power Supply (measured to DGNDt) -4.9 -S.2 -S.5 V 

Vm Negative Power Supply (measured to DGND2) -4.9 -5.2 -5.5 V 

V+ Positive Power Supply (measured to AGNO) + 14.25 +15.0 + 15.75 V 

V- Negative Power Supply (measured to AGND) -14.25 -15.0 -15.75 V 

VAGND Analog Ground (measured to DGNDt) -0.1 0.0 +0.1 V 

VDGND2 Digital Ground (measured to DGNDt) -0.1 0.0 +0.1 V 

tpWl CONV Pulse Width lOW 1 25 ns 

tpWH CONV Pulse Width HIGH 1 32 ns .. 
Vil Input Voltage logic LOW 1 -1.4 V 

VIH Input Voltage logic HIGH 1 -1.0 V 

AIN Input Voltage Range 2 0.0 1.0 V 

TA Ambient Temperature Range, Still Air 0 +50 °C 

Notes: 
1. Applies 10 the TDC1019J1C integrated circuit only. 

2. 75 Ohm input impedance, as supplied, U2 offset zeroed. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

IEEl Negative Supply Current VEEl - MAX' -B50 rnA 

1m Negative Supply Current Vm - MAX2 -70 rnA 

1+ Positive Supply Current V+ - MAX 125 rnA 

1- Negative Supply Current V- - MAX -150 rnA 

ZIN Input Impedance 70 BO Ohms 

VOL Output Voltage, logic lOW VEEl-NOM2 -1.B5 V 

VOH Output Voltage, logic HIGH VEEl-NOMI. -O.Bl V 

Notes: 
1. Applies to the TDC1019 integrated circuit only. 

2. Applies to the MC10116s only, without termination. 

Switching characteristics within specified operating conditions 1 

Parameter Test Conditiohs Min Max Units 

FS Maximum Conversion Rate VEE1 - MIN 15 MSPS 

tSTO Sampling Time Offset 1,1. VEEl - MIN 0 10 ns 

to Output Delay Time 3 VEEl - MIN 39 ns 

tHO Output Data Hold Time 3 VEE1 - MIN 7 ns 

Note: 
1. Applies to the TOC1019 integrated circuit only. 

2. Delays through buffer amplifier U2 not included. 

3. Delays through data buffers U7, U8, and U9 are included. 

TDC1019J1C performance characteristics within specified operating conditions 1 

Parameter Test Conditions Min Max Units 

Ell Unearity Error Integral, Independent VRT, VRB - NOM, VRM unadjusted 0.3 % 

Ell Unearity Error Integral. Independent VRT, VRB - NOM, VRM adjusted 0.15 % 

ELO Unearity Error Differential VRT, VRB - NOM 0.15 % 

BW Bandwidth Full Power Input 5 MHz 

DP Differential Phase NTSC @ 4x Color Subcarrier, VRM adjusted 1.0 degrees 

DG Differential Gain NTSC @ 4x Color Sub carrier, VRM adjusted 2.0 % 

Note: 
1. Items listed in this table are for the AID Converter only. Contributions to these parameters from the buffer amplifier are not significant. 

LSI Products Division 
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Calibration 

The evaluation board is calibrated by adjusting the "OFFSET" 
and "GAIN" trim resistors, R11 and R12. Offset is calibrated 
when a voltage corresponding to 1/2 LSB greater than 
"zero -scale" is applied to the board input. The "OFFSET" 
potentiometer is then adjusted until the output data toggles 
between "000000000" and "000000001." Gain is calibrated by 

1019E1C Output Coding Table 1 

applying a voltage 1/2 LSB less than full -scale and adjusting 
the "GAIN" potentiometer until the output data toggles 
between "111111110" and "111111111." A linearity adjustment 
potentiometer ("MID", R5) is included on the board to provide 
the user with a fine adjustment of the integral linearity of the 
AID converter. 

OVF2 OVF2 °1-9 °1-9 

-0.00195 1 0 000000000 111111111 
0.000 0 1 000000000 111111111 

+0.00195 0 1 000000001 111111110 

· · · • • 
· · · • • 

· · · · • 
+0.4990 0 1 0111111111 100000000 

+0.50097 0 1 1000000000 011111111 

· · · · · · · · · · · · · · · 
+.99804 0 1 111111110 000000001 

+ 1.000 0 1 111111111 000000000 
+ 1.00192 0 1 111111111 000000000 

Note: 
1, Input voltage range is from 0,00 to + 1.00 Volt, no offset added, Iinput voltages are at code centers and the voltage offset of the buffer amplifier is 

nulled,1 

2, Applies to TDC1019J1C integrated circuit only (Pins 28 and 291. 
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Schematic of Evaluation Board 
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Notes fDr Schematic of Evaluation Board 

1. All capacitor values are in microFarads I,uFl. 
2. All capacitor voltage rating are 50WVDC unless other wise noted. 
3. All resistors are l/BW unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All diodes are 1 N4001 unles otherwise specified. 
6. Values for C2, C8, C18 and R10 are selected during manufacturing. 
7. R27 through R30 are eight-resistor SIPs, 2.2kOhms 1/4W Inot supplied!. 

Miscellaneous 

Eurocard Connector mounted 
on TDClO19E1C 

Winchester 64P-6033-0430, 
DIN 416128 

Eurocard Connector for mating 
TDClO19E1C 

Winchester 64S - 6033 - 0422 - 1, 
DIN 416128 

64-pin IC socket for Ul Robinson - Nugent 
ICN -649-S5-Gl or 
ICN -649-S5-Ul 

Stitch-Weld pins for Rl and R2 Moore Systems 700508 

Input Resistor Selection Table (Values in Ohmsl 

Input Vohage Range 

ZIN 1V 2V 
Rl R2 Rl R2 

50 0 52.3 24.9 24.3 
75 0 BO.6 37.4 39.2 
93 0 102 48.4 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 Rl, and R2: 

1 
R2 =(VR) 1 

liN - 1000 

( 
1000 R2 ) 

R1 '" liN - R2 + 1000 

Where VR is the desired input voltage range of the board, liN 
is the desired input impedance of the board, and the constant 
value 1000 is given by the value of R3. 

4V 
Rl R2 
37.4 12.7 
56.2 19.1 
69.8 23.7 

750 332 

5V 
Rl 
40.2 
60.4 
75 

BOB 

R2 
10 
15.4 
19.1 

249 

LSI Products Division 

II~ •• • 

10V 
Rl R2 
45.3 4.99 
6B.l 7.5 
84.5 9.31 

909 110 
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TDC1019E1C Assembly 

3.600 

3.940 MID 

q R5 I~ 
'--------' <3==@]=:V 

OFFSET 

9L..-_R1
_
1 _....JI 

U1 

4 
WS" 

[:: ;7:::3 
[:: ~s: :J 
[~,::] 0}: 

P1 

~--------------6.300-----------------+---.j 

~----------------6.600---------------~ 

Nate: 1. "These two pins wired together to make WB. 

Ordering Information 

Product Number Description Order Number 

TDC1019E1C Eurocard Format Board With AID Converter TDC1019E1C 

LSI Products Division 
TRW Electronic Components Group 

0.130 

3.S80 
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TDC1025E1C 

High - Speed AI D Converter Evaluation Board 
8-Bit, 50MSPS 

The TDC1025 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TDC1025 8-bit, high-speed analog-to-digital (AID) converter. 
The board contains circuitry for buffering the input signal, 
generating reference voltages, regulating supply voltages, and 
latching output data. All digital inputs and outputs are ECl 
compatible. Provisions are made for gain and offset 
adjustments. The board requires -5.2 and ± 15 Volt power 
supplies. 

Features: 

• Includes TDC1025 8-Bit AID Converter 
• User Selectable Input Impedance 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• User Selectable Input Voltage Range 
• Adjustable Offset For Unipolar Or Bipolar Operation 
• Gain And Offset Calibration Controls 
• Differential ECl Output Data 
• Eurocard Format 

Applications 

• Evaluation Of TDC1025 AID Converter 
• System Prototyping Aid 
• Incoming Inspection Test Fixture 

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

©TRW Inc. 1985 
40G00391 Rev. D -1/85 
Printed in the U.S.A. 
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Functional Block Diagram 
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A23 NC 
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A25 NC 
A26 NC 
A27 NC 
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A29 NC 
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E 50 

r 

I 
m 

DGNO J=-
VCCI VCC2 

VIN . 
TDC1D25 DUT -- 0,-8 

A(;NO 01-8 ~ LATCH 

OUT ~ 

VEEA 

L VEED 

~ 
RT 

RB - Cc 

CONY CONY VEE 

I I 
-- CLK OUT 

B1 DGND2 
B2 DGND2 
B3 DGND2 
B4 D1(MSB) 
BS ii2 
B6 OJ 
B7 ii4 
B8 ii5 
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B31 AGND 
B32 AGND 
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Functional Description 

General Information 

The TOC1025 evaluation board consists of five functional 
sections: the input buffer amplifier, reference voltage generator, 
voltage regulators, AID converter, and output data latches. 

Buffer Amplifier 

The analog input amplifier provided on the evaluation board is 
a differential amplifier comprised of transistor array U2, 05, 
and 01. The input signal is routed to the non-inverting input 
of the buffer through Rl and R2. These two resistors may be 
selected to provide scaling of the input voltage and input 
impedance. Values of Rl and R2 for various input ranges and 
impedances are shown in the Input Resistor Selection Table. 
The amplifier has a non - inverting gain of 2 and a 3dB 
bandwidth of approximately 90MHz. The TOC1025E1C is 
supplied with a lV p - p input voltage range and a 50 Ohm 
input impedance referenced to AGNO I Rl = 0, R2 = 49.9 
Ohms!. 

An offset adjustment potentiometer IR28l is provided to level 
shih input signals. The offset adjustment is also useful in 

Voltage Reference 

On the TOCl 025El C, RT of the AID converter is connected to 
AGNO, and RB is connected to the - 2V reference voltage. This 
sets the full - scale conversion range of 0 to - 2 Volts at the 
AID converter's analog input. The evaluation board provides a 
footprint for installing a potentiometer IR30l for the adjustment 
of RM. This adjustment allows optimization of integral linearity, 
although this is not required to meet the converter 
specifications. A preferred low-impedance midpoint driving 
circuit is shown in the TOC1025 data sheet. 

The master voltage reference is provided by U4 1+ 2.5V 
band - gap voltage source!. This voltage is applied to 

Voltage Regulators 

Two voltage regulators are provided on the evaluation board to 
supply power to the buffer amplifier and the AID converter. 
U3D and 03 supply + 12 Volts and U3B and 02 supply -5.2 

LSI Products Division 
TRW Electronic Components Group 

Analog and digital grounds are separated on the board for 
flexibility in system grounding. 

calibration of the AID converter. This voltage is fed from U3A 
through Rl0 and decoupled by C3. Q1 provides current 
buffering to drive the analog input of the AID converter and to 
insure frequency stability. Resistors R15, 39, 40, 42, 44, 46, 67, 
68 and 69 provide isolation between the amplifier output and 
the analog input pins of the AID converter. Rll closes the 
feedback loop around the buffer amplifier. 

Resistor locations for a - 20dB test port are provided on the 
board. This allows the user to observe the signal at the buffer 
output. This test port is created by inserting an SMA connector 
IOmni-Spectra 20B2-0000-00 or equivalentl at J4, and R60 
and R61 onto the board. The suggested values are 470 Ohms 
for RBO and 49.9 Ohms for R61. 

potentiometer R29 which functions as a GAIN scaling 
adjustment. The voltage on R29 is inverted by op -amp U3. 
The output of this op -amp is then followed by a transistor, 
04, in order to provide current drive. The GAIN potentiometer 
is adjusted to set the full -scale conversion range of the AID 
converter. 

The sense points, RBS and RTS, are not used on the 
evaluation board, but are recommended for higher performance 
system design to minimize the offset error Voltage. Use of the 
sense points is discussed in the TOC1025 AID converter data 
sheet. 

Volts. Both regulators and the voltage reference circuit, U3C 
and 04, are referred to the output of U4, a 2.5 Volt band-gap 
reference device. 

E 51 
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AID Converter 

The TOC1025 integrated circuit is an 8-bit, fully parallel Wash) 
AID converter, capable of digitizing an input signal at rates up 
to 50MSPS IMegaSamples Per Second!. The TOCl 025El C 
evaluation board has the AID converter in a leaded chip carrier 
package Ill) installed. A differential ECl CONVert ICONV) signal 
controls 255 sampling comparators, encoding logic, and a 
latched output register. On each rising edge of the CONV 
signal, the comparators are latched and their outputs encoded 
into binary data. On the next rising edge of the CONV signal, 

Mechanical Design 

The TDC1025E1C board is designed to meet "Eurocard" format 
and is compatible with the standard DIN 416128 connector. A 
mating connector is included with each evaluation board. 

Mounting holes and pads are provided in the board for 
installing a contact chip carrier socket (for TOC1025C1) when 

Thermal Considerations 

The TDC1025l1 supplied with the board has thermal 
characteristics similar to other high - performance ECl devices. 
With ambient temperatures above 45 DC, 500 L.F.P.M. moving air 
is required to cool both the AID and the ECl interface devices. 
Uniform cooling also ensures that temperature induced 

Analog Input 

The SMA connector IJ2) is one of two analog inputs available 
on the evaluation board. The other analog input is located at 
the Eurocard edge connector, pin A28. Analog ground (AGND) 
returns are located on pins A26-32 of the edge connector. The 
use of J2 will provide superior performance at higher 

Name Function 

Analog Input Signal 

Convert 

A single-ended CONV signal may be applied via an on-board 
SMA connector (J3), or Pin A2l of the edge connector. A 
differential ECl CONV signal is generated from the 
single-ended input CONV signal by U5. This differential CONV 

Name Function 

the encoded result is transferred to the differential ECl data 
outputs of the AID converter. Note that there are minimum 
pulse width (tpWl, tpWH) requirements on the CONV signal. 
Refer to the Timing Diagram (Figure 1) for timing requirements. 

The evaluation board includes differential output data latches 
(U6 thru U9) for driving the board outputs. Provision has been 
made for ECl terminating resistors near the board edge 
connector. 

the evaluation board is used as a test fixture. The user must 
remove the AID converter before installing the chip carrier 
socket. Application Note TP-34 "Design Tips For The TDC1025 
High - Speed AID Converter" discusses sockets appropriate for 
use with the evaluation board. 

logic -level shifts between devices are minimized, resulting in 
good noise immunity. The ambient temperature of the 
TDC1025l1 should not be allowed to exceed 70DC during 
operation. A heatsink should be added if dictated by the 
system environment. 

frequencies. A jumper must be installed on the board in order 
to use the analog input connection at the edge connector. The 
trace to the edge connector is leh open to prevent noise 
pickup when the SMA connector is in use. 

Value E1C 

1V p-p A2B, J2 

signal is applied to the AID converter as well as the delay line 
(Zl)' The delay line provides the user with programmable delay 
taps (2ns increments) for strobing the output registers as well 
as providing a delayed clock output for external devices. 

Value E1C 

CONV Single-Ended CONV Signal Input ECl A2l 

ClK OUT Oelayed Clock Output ECl A22 

LSI Products Division 
E 52 TRW Electronic Components Group 



TDC1025E1C 

Power 

The TOC1 025E1 C evaluation board operates from three external 
power sources: -5.2VDC IVEE2), +15VDC IV+), and -15VDC 
IV -I. Other voltages are generated on the board by voltage 
regulator circuits: -5.2VDC IVEE1), and + 12VDC. The AID 
converter chip and amplifier are powered from VEE1, while the 
ECl output latches and terminators are powered from VEE2. 
VEE1 and VEE2 are separated in order to keep the AID 
converter supply as noise - free as possible. The return path for 
IEE1 Icurrent from VEE1) is AGND and DGND1. The return path 
for IEE2 Icurrent from VEE2) is DGND2. The return path for 1+ 
and 1- Icurrent from V+ and V-I is AGND. All power and 
ground pins must be used. Diodes connected between grounds 

Name Function 
V+ Positive Analog Power Supply 

V- Negative Analog Power Supply 

VEEl Negative Supply Output 

VEE2 Negative Supply For Data Latch 

AriND Analog Ground 

DGNDl TDC1025 Digital Ground 

DGND2 Digital Ground For Data Latch 

Digital Outputs 

The Q and ii outputs of the data latches IUB thru U9) are 
routed to the edge connector. Provisions have been made on 
the board for installing terminator resistor SIPS on each data 
line. Standard ECl practices require source or load terminating 
resistors in order to minimize ringing and overshoot. If the data 

Name Function 
01 (MSB) Most Significant Data Output 

lOB through 011) are provided for protection in case of 
excessive differential ground potentials or reversed supply 
polarity. 

Ground isolation on the board is provided for flexibility in 
system grounding. Optimizing the AID performance can be 
accomplished by connecting all grounds at the power source or 
directly at the chip. Since no two systems are alike, 
experiments with various ground connections should be made 
to achieve the best AID performance. Analog ground noise 
should be minimized Ii.e. from digital switching, clocks, etc.) 
whenever possible. 

Value E1C 

+15V A30 

-15V A32 

-5.2V A24 

-5.2V AlB, B1B 

O.OV B26·832 

O.OV B23, B24 

O.OV Bl·3, B12·15, B17, B19·21 

lines are routed to another circuit board or system, termination 
at the signal destination is recommended. If the data lines are 
only observed at the edge connector, then termination on the 
evaluation board is recommended. 

Value E1C 

ECl A4 
D1 (MSB) Most Significant Oata Output Complement ECl B4 

02 ECl AS 

D2 ECl B5 

03 ECl A6 

53 ECl B6 
04 ECl A7 

54 ECl B7 

05 ECl AB 

OS ECl BB 

06 ECl A9 

OS ECl B9 

OJ ECl Al0 

OJ ECl Bl0 
DB (lSB) least Significant Data Output ECl All 
DB (lSB) least Significant Data Output Complement ECl Bll 

LSI Products Division 
TRW Electronic Components Group E 53 
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Figure 1. Timing Diagram 
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~tD~ 
tco t;= y. { y. r ClK OUT -4 \ \ 

I I I I 

Absolute maximum ratings (beyond which the board may be damagedl1 

Power Supply Voltages 

VEE2 (measured to DGND2) ....................................................................................................................................................................................... +0.5 to -7.0V 
V+ (measured to AGNol .......................................................................................................................................................................................... -0.5 to + lB.OV 

V- (measured to AGNol .......................................................................................................................................................................................... +0.5 to -lB.OV 

DGNDl (measured to AGNol ..................................................................................................................................................................................... +0.5 to -0.5V 

DGND2 (measured to AGNol ..................................................................................................................................................................................... +0.5 to -0.5V 

Input Voltages 

CONY (measured to DGND2) ..................................................................................................................................................................................... +0.5 to -5.5V 

AIN (measured to AGNol .................................................................................................................................................................................... +2.5 to to -2.5V2 

Output 

Short circuit duration (single output to DGND2) .............................................................................................................................................................. indefinite 

Temperature 

Operating ambient ......................................................................................................................................................................................................... 0 to + 70°C 3 

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. With input impedance of 50 Ohms, as supplied. 

3. With 500 L.F.P.M. moving air. 

LSI Products Division 
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Operating conditions 

Parameter Min Nom Max Units 

VEEl Negative Power Supply (measured to DGND1)3 -4.9 -5.2 -5.5 V 

VEE2 Negative Power Supply (measured to DGND2) -4.9 -5.2 -5.5 V 

V+ Positive Power Supply (measured to AGND) +14.25 +15.0 +15.75 V 

V- Negative Power Supply (measured to AGND) -14.25 -15.0 -15.75 V 

VAGND Analog Ground (measured to DGNDl) -0.1 0.0 +0.1 V 

VDGNDl Digital Ground (measured to DGND2) -0.1 0.0 +0.1 V 

tPWl eDNV Pulse Width, lOW B ns 

tPWH eONV Pulse Width, HIGH 10 ns 

Vil Input Voltage, logic LOW 1 -1.63 V 

VIH Input Voltage, logic HIGH 1 -0.98 V 

AIN Input Voltage Range4 0.0 -1.0 V 

TA Ambient Temperature Range 2 0 70 °e 

Notes: 
1. Applies to U5 only. 

2. 500 L.F.P.M. required above 45°C. 

3. VEE1 is generated on the TDC1025E1C. 

4. 50 Ohm input impedance, as supplied, buffer amplifier offset zeroed. 

Electrical characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

IEEl Negative Supply Current VEE2 - MAX -500 rnA 

1+ Positive Supply Current V+ - MAX, V- - MAX 150 rnA 

1- Negative Supply Current V+ - MAX, V- • MAX -900 rnA .. 
VOL Output Voltage, logic lOW VEEl - NOM' -1.85 V 

VOH Output Voltage, logic HIGH VEEl • NOM' -O.Bl V 

Note: 
1. Applies to data latches I U5 through Ugi only. 

Switching characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate 50 MSPS 

tD Data Output Delay VEE2 • MIN note 2 note 2 ns 

tSTO Sampling TIme Offset' 10 ns 

teo elK OUT Delay note 3 note 3 ns 

Notes: 
1. Applies to TOC1025 integrated circuit only (excludes buffer amplifier!. 

2. Delay time determined in manufacturing process. 

3. User selectable with delay line, Z1. 

LSI Products Division 
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Schematic of Evaluation Board 
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Device performance characteristics within operating conditions 

Parameter Test Conditions Min Max Units 

ELI Linearity Error, Integral, Independent VAT, VAB • NOM 1,2 0.3 % 

ELD Linearity Error, Diffarential VAT, VAB • NOM 1,2 0.3 % 

Bandwidth, Full Power Input 1 12.5 MHz 

Notes: 
1. Applies to TOC1025 integrated circuit only. Contributions from buffer amplifier are negligible. 
2. RM is not adjusted. 

Calibraton 

The evaluation board is calibrated by adjusting the ·OFFSET" 
and uGAIN" trim resistors, R28 and R29. Offset is calibrated 
when a voltage corresponding to 1/2 LSB greater than 
uzero-scale" is applied to the board input. The uOFFSETn 

potentiometer is then adjusted until the output data toggles 
between uOOoooooon anduOOOOOOO1:' Gain is calibrated by 

Input Resistor Selection Table IValues in Ohmsl 

applying a voltage 1/2 LSB less than full-scale and adjusting 
the uGAIN" potentiometer until the output data toggles between 
·11111110n and ullllllll:' A linearity adjustment potentiometer 
I R301 can be installed by the user on the board to provide a 
fine adjustment of the integral linearity of the AID converter. 

Input Voltage Range 

ZIN 1V 2V 
Input 
Impedance 

A1 A2 A1 A2 

500 0.00 49.9 24.9 24.9 

750 0.00 75.0 37.4 37.4 
930 0.00 93.1 46.4 46.4 

10000 0.00 1.0K 499 499 

Notes: 
1. 500, 1V option supplied. 
2. Resistors are 1%, 1/8 Wan unless otherwise specified. 

For input voltage ranges or input impedances not shown in the 
table, the following formulas may be used to calculate Rl 
and R2: 

liN - Rl + R2 

E 58 

Rl + R2 
VRANGE --­

R2 

4V 5V 10V 

A1 A2 A1 A2 A1 A2 

37.4 %W 12.4 40.2 YZW 10.0 45.33W 4.99 YzW 

56.2 %W 18.7 60.4 YzW 15.0 68.12W 7.50 %W 
69.8 %W 23.2 75.0 %W 18.7 84.52W 9.31 

750 249 806 200 909 100 

LSI Products Division 
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Notes for Schematic of Evaluation Board 
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 lN4148 unless otherwise noted. 
6. R58 is a quad 220/330 Ohm terminator SIP. 
7. Zl is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5. 
8. Ll is a ferrite bead inductor, Fair-rite part number 2743001112. 
9. AGNO pins on the TDC1025Ll are: 46, 50, 55, 58. 

10. 0GNO pins on the TDC1025Ll are: 8, 28, 39, 64. 
11. VEEA pins on the TDC1025Ll are: 13, 14, 16, 18, 20, 22, 23. 
12. VEEO pins on the TOC1025Ll are: 7, 29. 
13. Values for components C5, R15, R62, R65, R66 are determined during the 

manufacturing process. 
14. Component designators C32, R49, R57, R63, R64, Jl are not used on the TOCl 025El C 

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

and are not included with the board. 

Miscellaneous Evaluation Board Parts 

Output Coding Table 

Input Voltage 

O.ooov 
-0.0039V 

-O.49BOV 

-0.5020V 
-0.5059V 

-0.9961V 
-1.0000V 

J2 - J4 SMA PCB Jack (31 Winchester Plug 64P-6033-0430 
(J4 not includedl 

Omni-Spectra PIN 2062-0000-00 Winchester Socket 64S-6033-0422-1 

LSI Products Division 

Binary Output 

00000000 
00000001 

01111110 
01111111 
10000000 

",11110 

11111111 

TRW Electronic Components Group 

Input voltage range is from 0.00 to -1.00 Volt. (Input voltages 
are at code centers and the voltage offset of the buffer 
amplifier is nulled.! 
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TDC1025E1C Assembly 

3.94lJ 

~ R29 

~ R28 

-8-
I 

I: 
Notes: 

1. Dimensions are in inches. 

2. • not supplied. 

Ordering Information 

Product No. Description Order No. 

TDC1025E1C Eurocard Format Board With AID Converter TDC1025E1C 

LSI Products Division 
E 60 TRW Electronic Components Group 



TDC1029E1C 
Preliminary Information 

High - Speed AID Converter Evaluation 
Board 
6-bit, 100MSPS 

The TRW TDC1029E1C is a fully assembled and tested circuit 
board designed to aid in evaluating the high -speed TDC1029 
flash AID converter. The board comes complete with the AID 
converter installed in a socket, ready to accept and digitize a 
lV p-p 50 Ohm signal. Other ranges and impedances may be 
selected by plug -in resistor substitutions on the board. An 
offset adjustment is provided which can establish a unipolar or 
bipolar input range. 

The board enables the converter to operate to its full 
specifications over the DoC to 70°C ambient temperature 
range 1, is compatible with the 100mm x 160mm Eurocard 
format, and offers a number of user options for application 
flexibility. 

Note: 1. 500 L.F.P.M. moving air required above 40°C. 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• 100 MegaSamples Per Second (MSPS) 
• 50MHz Input Bandwidth 
o Includes TDC1029J7C AID lSI Converter 

• Selectable Input Impedance 
o lV Input Range 

• Adjustable Offset For Unipolar Or Bipolar Inputs 
• Configured For On - Board DAC Reconstruction 
• Balanced ECl Output Buffering 
• Comparator Circuit For Clock Generation 
• low Profile Eurocard Format DIN 41612B 

Applications 

• TDC1029 Evaluation 
• System Prototyping 

• Test Fixtu re 

Phone: (6191 457-1000 
Telex: 697 - 957 
TWX: 910-335-1571 

©TRW Inc. 1985 
40G01248 Rev. C-l/85 
Printed in the U.S.A. 
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TDC1029E1C "'1ir. 
Functional Block Diagram 

°GNO 

A(;ND 

AGND 

VIN 

°GND 
Vcc 

TOC1029 LATCH 

°1-6 
°1-6 V+ RT °1-6 

RB 

CONY CONY VEEA VEE 

CONY CONY VEEO 

RClK 

OClK 

V-
-15V 

VEE! 

VEE2 

Pin Assignments 
NC AI Bl DGND 
NC Al B2 DGND 
NC Al Bl NC 

Dl (MSB) A4 B4 iii (MSB) 
D2 A5 B5 iii 
Dl A6 B6 OJ 
D4 A7 B7 04 
D5 A8 B8 Os 

D6 (LSB) A9 B9 Os (LSB) 
D7 IN AID BID Ii7iN 
D8 IN A11 Bll g 
RCLK A12 B12 

D/A OUT- All Bll NC 
D/A OUT+ A14 B14 DGND 

NC A15 B15 DGND 
NC A16 B16 DGND 
NC A17 B17 DGND 

VEEZ A18 B18 VEEZ 
NC A19 B19 DGND 
NC AlD B2D ~ 

CONV All B21 CONV 
DCLK A22 B22 DGND 
iiCiR All B2l DGND 
VEE1 Al4 B24 DGND 
VEE1 Al5 B25 NC 

NC Al6 B26 AGND 
NC A27 B27 AGND 

AINAC A28 828 AGND 
NC Al9 B29 AGND 
V+ A30 BlD AGND 
v- All 831 AGND 
V- A32 Bl2 AGND 

TDC1029E1C 

LSI Products Division 
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Functional Description 

General Information 

The TOC1029E1C has been designed to simplify the interface 
and evaluation of TRW's 6-bit parallel AID converter. The 
board provides all conditions necessary for the operation of the 
AID converter, including impedance matching, timing and logic 
interface, power supply regulation, and generation of 
references. 

The AID converter is mounted into the board with 
low-inductance pin sockets. These sockets will withstand up 
to ten removal cycles. 

Power and Grounding 

The TOCl 029El C operates from three supply voltages, + 15.0V, 
-15.0V and - 5.2V, which must be supplied through the edge 
connector. For optimum performance, power supply noise 
should be less than 10mV p-p at specified current. All power 
and ground pins must be connected. 

The VEEl supply is derived from the -15.0V supply by 
regulator UB, and furnishes power for the AID. This supply is 
connected to pins A24 and A25 of the edge connector for 
monitoring, and may supply up to 200mA for peripheral 
circuitry. However, the current available from VEEl is not 

Name Function 

V+ Positive Supply Voltage 

V- Negative Supply Voltage 

VEEZ Digital Eel Supply 

AGND Analog Ground 

DGND Digital Ground 

Voltage References 

The full-scale range of conversion in a flash AID converter is 
given by the voltage across the reference resistor chain. 
Highest performance from the TOC1029 AID converter is 
achieved when the analog signal lies between -O.3V and 
-1.3V. Therefore, the two reference potentials VRT and VRB 
must be offset O.3V below analog ground. VRT is fixed at 
-O.3V (nomina!), while VRB may be adjusted between -O.5V 
and -1.5V. 

LSI Products Division 
TRW Electronic Components Group 

The board is frequently used in prototyping a system, and is 
later converted to an incoming inspection test fixture. A variety 
of zero insertion force (ZIFI sockets are accommodated by the 
board to support this application. If clearance for a ZIF socket 
is not sufficient, bypass capacitors Cl and C2 can be removed 
and reverse - mounted on the foil side of the board. 

sufficient to supply VEE2 and should not be used for that 
purpose. 

From a system standpoint, it is usually better to maintain 
separate analog and digital grounds to avoid ground loops. In 
this case the analog and digital grounds are connected at one 
common point; usually at the power supplies. For optimum 
performance of the TOCl 029El C where inducing ground loops 
elsewhere is not a concern, analog ground and digital ground 
can be connected together at the edge connector of the 
evaluation board. 

Value Connector 

+ 15.0V A30 

-15.0V A31, A32 

- 5.2V AlB, 81B 

O.OV B26-B32 

O.OV Bl, B2, B14-817, 819, 820, 822-B24 

Voltage reference U4 provides a master reference of 2.5V, from 
which both VRB and VRT are derived. The 2.5V is inverted and 
scaled by U5, which drives current - follower Q2. Capacitors C9 
and Cl0 bypass VRT to give a stable reference of -O.3V. 

Gain - control dividers R30 and R49 provide between O.BV and 
2.5V from the 2.5V reference, which is amplified by U5. 
Current gain is given by Ql, which is capable of sinking 40mA, 
and providing from -O.5V to -1.5V to VRB. Capacitors C6 and 
C7 bypass any spurious noise to analog ground. 
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Convert 

The TDC1029E1C is configured to accommodate a 400mV p-p 
(nomimall input from a generator with a 50 Ohm source 
impedance. There are two methods of inputting the clock 
(CONVl to the board. The SMA connector labeled J3 is used 
for single -ended inputs only. This is also connected to pin A21 
of the Eurocard edge connector. Pin A21 can be used to input 
a single-ended CONV, or used in conjunction with 821 (CONVl 
for balanced inputs. Clocking the board from the edge 
connector will limit high-frequency performance; however, this 
feature is useful for low-frequency testing. The input 
termination for CoNV consists of R56 and R62. These resistors 
may be changed as required to match the impedance of the 
board to that of the driving source. 

A single-ended ECl clock is generated from CoNV by U6. This 
clock is converted to differential ECl by U2. The sampling 
process is initiated by the rising edge of CoNV, as shown in 
Figure 1. After a delay of tSTo (nsl, the input comparators of 
the AID are latched, thus sampling the analog input. There is a 
one clock cycle pipeline delay in the AID converter. The digital 
data is valid on the AID outputs too (nsl after the next rising 
edge of CoNV. The output data is registered by U3 on the 
rising edge of the Register ClocK (RClKI. After an output delay 
of tROD (nsl, the data sample is available at the edge 
connector. Register U3 provides differential ECl digital outputs 
from the board. All digital outputs must be terminated by the 

Nama Function 

CONV CONVert Clock Input 

II~ •• • 

user. Pads for SIP resistor networks are provided. For 130 
Ohm source termination, RlO = R12 = 220 Ohms, and 
R 11 = R 13 = 330 Ohms. Alternatively, the digital outputs may 
be driven into any Thevenin equivalent of - 2 Volts and 
50 Ohms minimum terminating impedance. 

Delay line Zl provides delays from 1 to 10ns in lns 
increments. One of these taps has been chosen to optimize the 
timing of register U3. At the user's option, jumper W6 can be 
adjusted to provide timing for other peripheral circuitry, 
including an on - board DAC (U71 if one is used. This Delayed 
ClocK (oClKI is available on pin A22 of the edge connector. A 
complementary clock output (oClKI is provided on pin A23 for 
driving differential ECl lines. 

Gate U9 is programmed to divide by one, two or four, 
depending on the configuration of Wl and W2, which allows 
U3 to register all, every other, or every fourth digital output 
from the AID. As configured, the board will output a new 
word for each conversion cycle. For special testing (such as 
beat frequencyl, Wl and W2 can be configured as shown in 
Table 1 to decimate the output data by two or four. The 
decimated U3 register clock (RCLKI is available on pin A 12 of 
the edge connector. A complementary output (ml is 
provided on pin 812 for driving differential ECl lines. 

Value Connector 

Text A2l 
CONV CONVert Input Complement Text 821 
RClK Register Clock Input ECl A12 
RClK Register Clock Complement ECl 812 
DClK Delayed Clock Output ECl A22 
DClK Delayed Clock Complement ECl A23 

Analog Input 

The SMA connector labeled J2 is one of two analog inputs to 
the board. 8y installing a jumper IW31, this point is also 
connected to pin A28 of the Eurocard edge connector. Ground 
return for the edge connector analog input is provided by pin 
828. The edge connector should be used for analog inputs 
below 25MHz only. When J2 is used as the analog input, W3 
should be left open to avoid reflections from the unterminated 
line presented by the edge connector input trace. Similarly, 
when using the edge connector to input analog signals, 

E 64 

J2 should be left open. The input source to the board must be 
able to drive a 25pF capacitive load up to the highest 
frequency of interest. 

The input signal is capacitively coupled to the input termination 
consisting of R21, R50, and R52. The board presents a 50 Ohm 
impedance to the analog input, with a full-scale range of l.4V 
p -po The values of R21 and R50 can be adjusted by the user 
for other input impedances. 

LSI Products Division 
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Analog Input (Cant.) 

The input termination 1R21, R50, R52) results in a 3dB 
attenuation, giving a 1.0V p -p full-scale input at the AID. The 
input range of the AID is fixed by the reference endpoints 
VRB and VRT, which are factory adjusted to -1.3V and - 0.3V, 
respectively. Thus, it is necessary to offset the analog input to 
lie within the range of VRB and VRl The OFFSET adjustment 
performs this function by drawing an offset bias current 
through the input termination. 

Potentiometer R28 is the OFFSET adjustment. The 2.5V IU4) 
reference is divided by R28, then inverted by U5. 
Emitter-follower 03 gives current gain and a low-impedance 
output which sinks up to 35mA through the termination 
network. The resulting offset voltage is O.OV to - 2.4V, 
depending on the setting of R28. 

Name Function 

The response at the AID input is attenuated less than 1 dB at 
60MHz when driven from J2. low-frequency rolloff begins at 
approximately 1.5KHz, with an attenuation of 20dB per decade 
rate below this point. C16 can be replaced with a jumper if 
low - frequency signals are to be digitized, in which case the 
input signal can be externally offset. 

Connector Jl and jumper W5 may be installed in the pads 
provided to monitor the analog input. A capacitor may be used 
in place of W5 to provide AC coupling. The insertion loss from 
J2 to Jl is approximately 25dB for frequencies up to 60MHz 
when terminated with 50 Ohms. 

Rl and R14 help match the AID analog input impedance to the 
coaxial source impedance, minimizing reflections and equalizing 
delay to each of the analog inputs. 

Value Connector 

AINAC AC- Coupled Analog Input Text J2, A28 

AINOC ~C-Coupled Analog Input Text Jl 

Data Outputs 

The digital outputs 01-06 are available on pins A4-A9 of the 
edge connector. Complementary outputs are provided on pins 
B4- B9 for driving differential ECl lines. A two's complement 

output is attained by cross-wiring the MSB (01), as shown in 
Table 2. 

Name Function Value Connector 

01 (MSB) Most Significant Data Output ECl A4 
01 (MSB) MSB Output Complement ECl B4 

02 ECl A5 

52 ECl B5 

03 ECl AS 

OJ ECl BS 

04 ECl A7 

54 ECl B7 

05 ECl A8 

55 ECl B8 
Os (lSB) least Significant Data Output ECl A9 
Os (lSB) lSB Output Complement ECl B9 

LSI Products Division 
TRW Electronic Components Group E 65 
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Digital - tD - AnalDg Converter 

Pads are provided to mount a high-speed 8-bit registered 
digital-to-analog IOIAI converter IU71 on the board for signal 
reconstruction. The pinout is configured for the TDC1018J7, an 

8-bit, 125MSPS D/A, available from TRW. Other D/As may be 
used by installing jumpers between the circuit board traces and 
pads as required. 

Name Function Value Connector 

D/A DUT + D/A Converter Dutput Text AI4 
D/A OUT- D/A Converter Output Text AI3 

D7 IN D/A Converter Data Input ECl AID 

Il7iN D/A Converter Data Input ECl BID 

DB IN D/A Converter Data Input ECl All 

DaiN D/A Converter Data Input Eel Bl1 

Thermal and Mechanical Considerations 

The TDC1029J7C supplied with the board has thermal 
characteristics similar to other high -performance ECl devices. 
With ambient temperatures up to 40°C, the TDC1029E1C 
assembly will operate in still air. For ambient temperatures 
above 40°C, 500 lJ.P.M. moving air is required to cool both 
the AID and the ECl interface devices. Uniform cooling also 
ensures that temperature induced logic -level shifts between 
devices are minimized, giving the best noise margin. 

The TDC1029E1C is assembled to meet the "Eurocard" format 
standards lOIN 416128), 

Installation of a ZIF socket requires careful penetration of the 
RTV pin socket sealer. The high profile of a zero insertion 
force socket may restrict board clearance and add parasitic 
inductance to the signal input leads, which may reduce the 
high - frequency performance of the system. 

Figure 1. TDC1029E1C Timing Diagram 
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+200mV ~.zs..- - ---ZS - - - - - Z - - ;~NVERT 
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Parts List 

Resistors Capacitors 

R1 15.0Q 1/8W 1% Cl-C4 O.lIlF 50V 
R6 220/330 x 4 SIP 2% C5 1.°llf 35V Polarized 
RS 220/330 x 4 SIP 2% C6 10.0 J.lF 25V Polarized 
R14 15.0Q 1/8W 1% C7-CS O.lIlF 50V 
R15 51.1 KQ 1/4W 1% C10 1.01lF 35V Polarized 
R16 220/330 x 4 SIP 2% C11 O.lIlF 50V 
R19 220/330 x 4 SIP 2% C14 1.0 J.lF 50V Non-polar 
R20 470Q 1/4W 1% C15 10.0 J.lF 25V Polarized 
R21 68Q 1/4W 5% C16, C17 1.0 J.lF 50V Non-polar 
R24 220/330 x 4 SIP 2% C18, CIS 1.0 J.lF 35V Polarized 
R28 2KQPOT 5% C20-C22 0.1 J.lF 50V 
R29 11.3 KQ 1/4W 1% C23, C24 1.0 J.lF 35V Polarized 
R30 2 KQPOT 5% C25, C26 10.0 J.lF 25V Polarized 
R31 270Q 1/2W 5% C27 O.lIlF 50V 
R35 10.0 Kn 1/4W 1% C2B, C29 1.0 J.lF 35V Polarized 
R36 4.22 KQ 1/4W 1% 
R3J 20.0 KQ 1/4W 1% Integrated Circuits 
R38 20.0 KQ 1/4W 1% 
R39 Ion 1/8W 5% Ul TDClO29J7 

R40 10.0 KQ 1/4W 1% U2 1001020 

R41 1.21 KQ 1/4W 1% U3 1001510 

R43 1.5 Kn 1/4W 5% U4 3503Y 

R44 10.0 Kn 1I4W 1% U5 4741Cl 

R46 82n 1/4W 5% U6 MC1650l 

R49 1.00 KQ 1/4W 1% U8 337T 

R50 IBn 1/4W 5% U9 10H131l 

R51 10Q 1/8W 5% U10 10HlO2l 

R52 6BQ 1/4W 5% U11 7B05C 

R53 324Q l/BW 1% 
R54 100Q 1/8W 1% Diodes 
R55 220/330 x 4 SIP 2% 01, 03, 04, 09 1N414B 
R56 49.SQ 1/BW 1% 02, 07, 08 lN4001 
R57 130Q 1/4W 5% 05, 06 lN5Jll 
R60 4S.9Q 1/8W 1% 
R61 220/330 x 4 SIP 2% Inductors 
R62 49.9Q l/BW 1% 
R63 220/330 x 4 SIP 2% 11 Bead Inductor .. R64 220/330 x 4 SIP 2% 
R66 12Q 3W 5% Delay lines 
R67 12Q 3W 5% Zl TCR507 

Transistors 

Gl,m 2N2S07 
Q2 2N2222 

Table 1. Register Options Table 2. Output Format 

Wl W2 Function Analog Input 1 Binary Two's Complement 

0 0 ";'4; Every Fourth Sample Registered O.7V 111111 011111 

0 ..;. 2; Every Other Sample Registered 

All Data Registered, As Shipped 

o = Open 

I = Installed -O.7V 000000 100000 

Note: 1. AC Coupled 

lSI Products Division 
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Figure 2. Schematic of Evaluation Board 
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TDC1029E1C 

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

Supply Vohages 

V + (Measured to AGNOI ......................................................................................................................................................................................... -0.5 to + lB.OV 

V _ (Measured to AGNOI ......................................................................................................................................................................................... +0.5 to -lB.OV 

VEE2 (Measured to 0GNOI ........................................................................................................................................................................................ +0.5 to -7.0V 

AGNO (Measured to 0GNOI ...................................................................................................................................................................................... +0.5 to -0.5V 

Input Vohages 

Convert, Convert (50 Ohm input! .............................................................................................................................................................................. + 1.0 to - 2.OV 

AINOC (50 Ohm lV input configurationl ................................................................................................................................................................... + 1.5 to VEEV 

Temperature 

Operating, ambient ........................................................................................................................................................................................................ -30 to 70°C 

Storage ...................................................................................................................................................................................................................... -55 to + 125°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 

Temperature Range 
Parameter Min Nom Max Units 

V+ Positive Supply Voltage (Measured to AGNOI + 14.25 + 15.0 + 15.75 V 
V_ Negative Supply Voltage (Measured to AGNOI -14.25 -15.0 -15.75 V 

VEE2 ECl Supply Voltage (Measured to 0GNOI -4.9 -5.2 -5.5 V 

VAGNO Analog Ground Voltage (Measured to 0GNOI -0.1 0.0 +0.1 V 

VRT Reference Input, Top (RTI1.2 -0.2 -0.3 -0.4 V 

VRB Reference Input, Bottom (RBI 1,2 -1.2 -1.3 -1.4 V 

VRrVRB Voltage Reference Differential 0.9 1.0 1.1 V 

tpWH CONVert Pulse Width, HIGH 2 5 6 ns 

tpWl CONVert Pulse Width, lOW 2 3 4 ns 

Vc CONVERT Input Voltage Amplitude 200 400 2000 mV p-p 

VA Analog Input Voltage Amplitude 1.4 2.1 V p-p 

TA Temperature, Ambient 3 0 70 °c 

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

2. Specification applies to TDC1029J7. 

3. 500 l.F.P.M. moving air required above 40°C. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Parameter Test Conditions Min Max Units 

1+ Supply Current 1 V+ - MAX 60 rnA 

1- Supply Current 1 V_ = MAX 400 rnA 

1EE2 Supply Current VEE2 - MAX 1000 rnA 

Note: 
1. VRT' VRB = Nominal, as shipped. 

Switching characteristics within specified operating conditions 

Temperature Range 
Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate V+, V_, VEE2 - MIN 100 MSPS 

tCOMP + tDolU21 Comparator + Gate Delay V+, V_, VEE2 - MIN 8 ns 

tSTO Sampling Time Offset 1 V+, V_, VEE2 - MIN 5 ns 

tRC Register Clock Delay V+, V_, VEE2 - MIN 8 ns 

tRCO Register Clock Output Delay V+, V_, VEE2 - MIN 5 ns 

tRDO Register Output Delay V+, V_, VEE2 - MIN 3 ns 

Note: 
1. Specification applies to TDC1029J7. 

System performance characteristics within specified operating conditions 

Temperature Range 
Parameter Test Conditions Min Max Units 

BW Bandwidth, Full Power Input 1 FS - 100MSPS 50 MHz 

SNR Signal-to- Noise Ratio 2 100MSPS Conversion Rate 

Peak SignaliRMS Noise 25MHz Input 41 dB 

50MHz Input 38 dB 

RMS SignaliRMS Noise 25MHz Input 32 dB 

50MHz Input 29 dB 

Notes: 
1. Beat frequency sinusoidal reconstruction producing no errors greater than 3 LSB's, tpWH = 6ns. 

2. Single frequency sinusoidal input attenuated 3dB at 112 sampling frequency (anti -alias prefilterl. 

LSI Products Division 
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Eurocard Assembly 
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TDC1041lE1C 
Preliminary Information 

AID Converter Evaluation Board 
7 -bit, 20MSPS 

The TDC1047 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TDC1047 7-bit video analog-to-digital converter. The board 
contains circuitry for buffering the input signal, generating 
reference voltages, and latching output data. All digital inputs 
and outputs are TIL compatible. Provisions are made for gain 
and offset adjustments. The board requires + 5 and - 5.2 Volt 
power supplies, and is configured to interface with the 
Eurocard (DIN 4161281 connector format. 

Features 

• Includes TDC1047 7 -Bit AID Converter 

• User - Selectable Input Impedance 
o User-Selectable Input Voltage Range 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Unipolar Or Bipolar Operation 

• Gain And Offset Calibration Controls 
• Operates From + 5.0 And - 5.2 Volt Power Supplies 

• Digital Output Buffers Included 

• Eurocard Connector Format 

• Uncommitted Prototyping Area 

Applications 

• Evaluation Of TDC1047 AID Converter 

• System Prototyping Aid 
• Incoming Inspection Test Fixture 

Phone: 16191 457-1000 
Telex: 597 - 957 
TWX: 910-335-1571 

©TRW Inc. 1985 
40G01595 Rev. B -1185 
Printed in the U.S.A. 
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TDC1047E1C 

Functional Block Diagram 

Pin Assignment 

E 74 

VCC 

NMINV 

NLiNV 

VEE 

CON V 

Rl 

R2 .>-.---1 VIN 

TDC1D47 

AGND 

DATA 
lATCH 

CONY t--_.---t ClK 
~--4---------~RB 

}----------------t----------"I------------1 NMINV 

}----------------t------~I-----------1 NLiNV 

VEE 

DGND Al 
DGND A2 
DGND A3 
DGND A4 
DGND A5 
DGND A6 
DGND A7 
DGND A8 
DGND A9 
DGND A10 
DGND A11 
DGND A12 
DGND A13 
DGND A14 
DGND A15 
DGND A16 
DGND A17 
DGND A18 

NC A19 
AGND A20 
AGND A21 
AGND A22 
AGND A23 
AGND A24 
AGND A25 
AGND A26 
AGND A27 
AGND A28 
AGND A29 
AGND A30 
AGND A31 
AGND A32 

TDC1047E1C 

B1 VEE 
B2 DGND 
B3 D7 (LSB) 
B4 D6 
B5 D5 
B6 NliNV 
B7 D4 
B8 D3 
B9 DGND 
B10 DGND 
B11 D2 
B12 D, (MSB) 
B13 NMINV 
B14 NC 
B15 CONY 
B16 DGND 
B17 DGND 
B1B VCC 
B19 NC 
B20 NC 
B21 AIN 
B22 AGND 
B23 NC 
B24 NC 
B25 AGND 
B26 NC 
B27 NC 
B28 NC 
B29 NC 
B30 NC 
B31 NC 
B32 NC 
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TRW Electronic Components Group 



TDC1047E1C 

Functional Description 

General Information 

The TOC1047 evaluation board consists of four circuit blocks: 
the buffer amplifier, reference voltage generator, AID converter, 

Buffer Amplifier 

The input buffer amplifier has been designed specifically for 
standard baseband video. This amplifier is optimized for 75 
Ohm 1 Volt p - p levels. The input resistor network IR 1 and 
R21, the amplifier gain factor of - 2, and the amplifier's 
adjustable offset are arranged so that the AID converter 
receives a full-scale input signal from 0 to -1 Volt. 

Voltage Reference 

The reference voltage for the TOC1047 is generated by 
operational amplifier U3 and PNP transistor, Ql, which supplies 
the reference current. System "GAIN" is adjusted by varying 

AID Converter 

The TDC1047 integrated circuit is a 7 -bit fully parallel (fIashl 
analog -to -digital converter capable of digitizing an input signal 
at rates up to 20MSPS (MegaSamples Per Second!. A single 
convert (CONVI signal controls the conversion operation of the 
device. The TOC1047 consists of 127 sampling comparators, 

Output Interface 

Data from the TDC1047 is latched by U5 on the rising edge of 
the CONV signal. This 74LS374 octal edge - triggered latch 
improves output drive and fan - out capability for the board 
while adding one clock cycle of pipeline delay. Substituting a 

Mechanical Design 

The TDC1047E1C is designed to be compatible with the 
"Eurocard" format and mate with a standard 64 conductor DIN 
Eurocard connector. Mating edge connectors are included with 
each evaluation board. 

The TDC1047E1C evaluation board may also be used with the 
TDC1048 8-bit AID converter by removing the TOC1047 socket 
and installing a 28 lead DIP socket in the footprint oriented at 

LSI Products Division 
TAW Electronic Components Group 

-~.-. 
1111""" 

and output data latch. Analog and digital grounds are 
separated on the board to provide flexibility in system 
grounding. 

The amplifier drives the AID converter directly without an 
emitter follower stage. Frequency response and pulse response 
are adjusted by the variable capacitor, C13. The board has 
provision for a resistive voltage divider and SMA output 
connector for convenient monitoring of amplifier response. 

potentiometer R9 which controls the reference voltage to the 
AID converter. The adjustable reference voltage range is 0 to 
-1.2 Volts. 

encoding logic, and a latched output register. On the rising 
edge of the CONV signal, the comparators are latched and 
their outputs encoded. On the next rising edge of the CONV 
signal, that data is transferred to the outputs of the TOC1047. 

74LS373 for U5 and connecting its clock input to a logic "1" 
will eliminate the extra pipeline delay while improving the data 
output drive capability of the board. 

right angles to that of the TOC1047. In addition, electrical 
changes must be made to the board in order to use the 
TOC1048. (Refer to TDCl 048El C Data Sheet.l 

Standard 24 pin sockets for the TDC1D47 integrated circuit are 
used on the boards. The boards are arranged so that this 
socket may be replaced by a "Zero Insertion Force" (ZIFI 
socket when the evaluation board is used as a test fixture. 

E 75 
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TDC1047E1C 

Power Supplies 

The TDC1047E1 C evaluation board operates from two power 
supply voltages: +5.0 and -5.2 Volts. The return path for ICC 
Icurrent from the +5.0 Volt power supply) is DGND. The return 
paths for lEE (current from the -5.2 Volt supplyl is AGND. It 

Name Function 

Vee Positive Power Supply 

is recommended that all ground pins be used. Diodes 01 
through 04 function as voltage clamps which will prevent 
damage to the board if improper power supply voltages are 
applied. 

Value Pin 

+5.0V B1B 

VEE Negative Power Supply -5.2V B1 

AGNO Analog Ground 

°GND Digital Ground 

Analog Input 

The TDC1D47 evaluation board is supplied with a nominal input 
impedance of 75 Ohms and an input voltage range of 1 Volt 
p - p. Both input impedance and input voltage range may be 
changed for operation in other modes. The values of input 
resistors R1 and R2 determine the input impedance and voltage 
range of the evaluation board. Suggested values are shown in 

Name Function 

Analog Input Voltage 

Control Inputs 

Two control inputs are provided for changing the format of the 
output data. When NMINV is tied to a logic "0," the most 
significant bit of the output data is inverted. When NLiNV is 
tied to a logic "0," the six least significant bits of the output 
data are inverted. By using these DC controls, the output data 

Name Function 

O.OV A20-A32 

B22 

B25 

B2B 

O.OV Al-A1B 

B2 

B9 

B10 

B16 

B17 

the Input Resistor Selection Table for various input impedances 
and voltage ranges. Note that the video input to the board is 
through an SMA connector IJ1, Video Inl. Video input to the 
board can be routed through the edge connector by installing 
jumper "A" and using edge connector pin B21. 

Value Pin 

See text B21 

can be read in binary, inverse binary, two's complement, or 
inverse two's complement formats. Output data versus input 
voltage and control input state is illustrated in the Output 
Coding Table. Pull- up resistors are provided on the board for 
disabling these control functions when their pins are left open. 

Value Pin 

NMINV Not Most Significant Bit INVert TIL B13 

NUNV Not least Significant Bit INVert TIL B6 

Reference 

The TDC1D47 evaluation board includes circuitry for generating 
the voltage reference for the AID converter. This voltage is 

E 76 

brought out to a test point located on the side of the board 
opposite that of the edge connector. 
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TDC1047E1C 

Convert 

The TDC1047 AID converter is sampled within 8ns after the 
rising edge of the CONV signal. Output data is latched on the 
next rising edge of the CONV signal. Data from U5 is also 
latched on the rising edge of the CONV signal. U5 adds one 
clock cycle of pipeline delay to data sent off the board. Note 

Name 

CONV 

Data Outputs 

The outputs of the TOC1047 evaluation board are TIL 
compatible and capable of driving several TIL loads. 

Name 

Function 

AID Clock Input 

Function 

that there are minimum pulse width (tpWH, tpWLI 
requirements on the waveshape of the CONV signal. A 
footprint for an SMA connector is located on the board near 
the AID converter (J3, CONVI for a convenient monitoring or 
input point. 

Value Pin 
TTL 815 

Value Pin 

01 (MSB) Most Significant Data Bit TTL B12 

02 TTL Bll 

03 TTL B8 

04 TTL B7 

05 TTL B5 

06 TTL 84 

07 (LSB) Least Significant Data Bit TTL B3 

No Connects 

There are several pins on the TOC1D47 evaluation board that 
have no connection to the circuit. These pins may be left 

open. Note that pin 814 is connected to an output of U5 and 
must be left open. 

Name Function Value Pin 

NC No Connection Open A19 

B14 

B19 

B20 

B29-B32 

Figure 1. TIming Diagram 

Ir=~ -,- tPWH~tpwLI I 
CO~I ~AMPLE \ 'I SAMPLE ,,[ 11 ""'S-AM-PL-E -\ ..... _-Jll 

N+l N+2 

TDC1D47 ANALOG INPUT N 

--~~~~~~----- ---------~-
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TDC1047E1C 

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

Power Supply Vohages 

Vee (measured to DGNO) .......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured to AGNO) ........................................................................................................................................................................................... +0.5 to -7.0V 

AGNO (measured to 0GNO) ...................................................................................................................................................................................... +0.5 to -0.5V 

Input Voltages 

eONV, NMINV, NLiNV (measured to DGNOI ........................................................................................................................................................ -0.5 to +5.5V 

Output 

Applied voltage .......................................................................................................................................................................................................... - 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 DGNOI .......................................................................................................................................... 1 sec. 

Temperature 

Operating, ambient ...................................................................................................................................................................................................... -40 to +90°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 board. 

Operating conditions 

Parameter Min Nom Max Units 

Vce Positive Power Supply (mea$ured to 0GNOI 4.75 5.0 5.25 V 

VEE Negative Power Supply (measured to AGNOI -4.9 -5.2 -5.5 V 

VAGNO Analog Ground (measured to 0GNDI -0.1 0.0 +0.1 V 

tpWH CONV Pulse Width, HIGH 1 14 ns 

tpWL CONV Pulse Width, LOW 1 14 ns 

VIL Input Voltage, Logic LOW 1 O.B V 

VIH Input Voltage, Logic HIGH 1 2.0 V 

IOL Output Current, Logic LOW 2 4.0 rnA 

IOH Output Current, Logic HIGH 2 -400 I1A 

AIN Input Voltage Range 3 0.0 1.0 V 

TA Ambient Temperature Range 0 70 °c 

Notes: 
1. Applies to logic input pins of the TOC1047 only. 

2. Applies to outputs of U5 only. 

3. 75 Ohm input impedance, as supplied, U2 offset zeroed. 

lSI Products Division 
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TDC1047E1C 

Electrical characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current VCC - MAX 100 rnA 

lEE Negative Supply Current VEE - MAX 245 rnA 

liN Input Impedance 70 80 Ohms 

IlL Input Current, Logic LOW 1 VCC - MAX, VI - 0.5V -0.4 rnA 

IIH Input Current, Logic HIGH 1 VCC - MAX, VI - 2.4V 50 J.1A 

VOL Output Voltage, Logic LOW 2 VCC - MIN, 1m - 4mA 0.5 V 

VOH Output Voltage, Logic HIGH 2 VCC - MIN, 10H - -400 J.1A 2.4 V 

Notes: 
1. Applies to the TDC1047 logic inputs only. 

2. Applies to U5 outputs only. 

Switching characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VCC - MIN, VEE - MIN 20 MHz 

tSTO Sampling Time Offset 1 7 ns 

to Output Delay Time 2 VCC - MIN, VEE - MIN 30 ns 

tHO Output Data Hold Time 1 VCC - MIN, VEE - MAX 15 ns 

Notes: 
1. Applies to TDC1047 only. 

2. Applies to U5 only. 

TDC1047J7C performance characteristics within specified operating conditions 1 

Parameter Test Conditions Min Max Units 

ELI Integral Linearity Error 0.4 % 

ELD Differential Linearity Error 0.4 % 

BW Bandwidth Full- Power Input 7 MHz 

DP Differential Phase NTSC @ 4x Color Subcarrier (14.32MHz) 1.5 degree 

DG Differential Gain NTSC @ 4x Color Subcarrier (14.32MHzl 2.5 % 

Note: 
1. Items listed in this table apply to the AID converter only. Contributions to these parameters from the buffer amplifier are not significant. 

Calibration 

The evaluation board is calibrated by adjusting the offset and 
gain trim resistors, A8 and A9. Offset can be calibrated when 
a voltage 1/2 LSB greater than "zero-scale" is applied to the 
board input. The "OFFSET" pot is then turned to a point where 

the output data toggles between "0000000" and "0000001." 
Gain is calibrated by applying a voltage 1/2 LSB less than 
full-scale and turning the "GAIN" pot until the output data 
toggles between "1111110" and "1111111." 

LSI Products Division 
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Output Coding Table 1 

Binary Two's Complement 
Input True Inverted True 
Voltage 

NMINV - 1 0 0 

NliNV - 1 0 1 

0.0000 0000000 1111111 1000000 
+0.0079 0000001 1111110 1000001 

• • • • 
• · • · +0.4960 0111111 1000000 1111111 

+0.5079 1000000 0111111 0000000 

• • · · • · · · +0.9921 1111110 0000001 0111110 
+ 1.0000 1111111 0000000 0111111 

Note: 
1. Input voltages are at code centers and buffer amplifier offset voltage is nulled. 

Figure 2. Schematic of Evaluation Board 
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15 

NliNV 
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Notes for Figure 2. Schematic of Evaluation Board 

1. All capacitor values are in microfarads l,uFI. 
2. All capacitor voltage ratings are 50WVDC unless otherwise noted. 
3. All resistors are 1/4W unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All diodes are lN4oo1. 

Miscellaneous Evaluation Board Parts 

Eurocard connector Winchester 64P - 6033 - 0430 
DIN 416128 2-row 64-contact 
board mount male 

Eurocard connector Winchester 64S - 6033 - 0422-1 
DIN 415128 2-row 54-contact 
wire -wrap female 

J1-J3 SMA coax connector 
(J2, J3 not includedl 

Sealectro 50-651-0000-31 or 
Omni-spectra 2062-0000-00 

L 1, L2 ferrite bead inductors Fair-Rite Corp. 2743001112 

Input Resistor Selection Table (values in Ohmsl 

Input Voltage Range 

ZIN IV 2V 

Rl R2 Rl R2 

50 24.9 25.5 37.4 12.7 

75 37.4 39.2 56.2 19.1 

93 46.4 48.7 69.8 23.7 

lK 499 1000 750 332 

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: 

1 
R2 = ---

(
2VR) + 1 
liN 1000 

( 
1000 R2 ) 

Rl = liN - R2 + 1000 

where VR is the desired input voltage range of the board, liN 
is the desired input impedance of the board, and the constant 
value 1000 is given by the value of R3. 

LSI Products Division 
TRW Electronic Components Group 
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Assembly For TDC1047E1C 

~--------------------8.600-------------------~ 

1---+------------------6.300 -----------------------J 

o 

3.940 

3.680 3.600 

0.130 

Notes: 
1 .• not supplied. 

2. Dimensions in inches. 

Ordering Information 

Product Number Description Order Number 

TDC1047E1C Eurocard Format Board With AID Converter TDC1047E1C 

lSI Products Division 
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TDC1048E1C 
Preliminary Information 

AID Converter Evaluation Board 
8-bit, 20MSPS 
The TOC1048 evaluation board is a fully assembled and tested 
circuit board designed to aid in the evaluation of TRW's 
TOel048 8 - bit video analog -to -digital converter. The board 
contains circuitry for buffering the input signal, generating 
reference voltages, and latching output data. All digital inputs 
and outputs are TIL compatible. Provisions are made for gain 
and offset adjustments. The board requires +5 and -5.2 Volt 
power supplies. The board is configured to interface with the 
Eurocard lOIN 41612BI connector format. 

Features 

• Includes TDC1048 8-Bit AID Converter 
• User-Selectable Input Impedance 

LSI Products Division 
TRW Electronic Components Group 
P.O. 80x 2472 
La Jolla, CA 92038 

• User - Selectable Input Voltage Range 

• Unipolar Or Bipolar Operation 
• Gain And Offset Calibration Controls 
• Operates From +5.0 And -5.2 Volt Power Supplies 

• Digital Output Buffers Included 

• Eurocard Connector Forma! 
• Uncommitted Prototyping Area 

Applications 

• Evaluation Of TOC1048 AID Converter 

• System Prototyping Aid 
• Incoming Inspection Test Fixture 

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

©TRW Inc. 1985 
40G01695 Rev. 8-1/85 
Printed in the U.S.A. 
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Functional Block Diagram TDC1048 

Pin Assignments 
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>-----------------t--------t-----------t NLiNV 

VEE 

CONY >-____________________________________________ ....1 

DGND AI Bl VEE 
DGND A2 B2 DGND 
DGND AJ BJ D7 
DGND A4 B4 D6 
DGND A5 B5 D5 

DGND A6 B6 NliNV 

DGND A7 B7 D4 
DGND A8 B8 DJ 
DGND A9 B9 DGND 
DGND AID BID DGND 
DGND AI1 Bl1 D2 
DGND A12 B12 Dl (MSB) 
DGND A1J B1J NMINV 
DGND A14 B14 D8 (LSB) 
DGND A15 B15 CONV 
DGND A16 B16 DGND 
DGND A17 B17 .DGND 
DGND A18 B18 VCC 

NC A19 B19 NC 
AGND A20 B20 NC 
AGND A21 B21 AIN 
AGND A22 B22 AGND 
AGND A2J B2J NC 
AGND A24 B24 NC 
AGND A25 B25 AGND 
AGND A26 B26 NC 
AGND A27 B27 NC 
AGND A28 B28 NC 
AGND A29 B29 NC 
AGND AJo BJo NC 
AGND AJI BJI NC 
AGND AJ2 BJ2 NC 

TDC1048E1C 
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Functional Description 

General Information 

The TOC1048 evaluation board consists of four circuit blocks: 
the buffer amplifier, reference voltage generator, AID converter, 

Buffer Amplifier 

The input buffer amplifier has been designed specifically for 
standard baseband video. This amplifier is optimized for 75 
Ohm 1 Volt p - p levels. Its gain factor is - 2 and its offset is 
adjustable so that the AID converter receives a full-scale input 
signal from 0 to -2 Volts. 

Voltage Reference 

The reference voltage for the TOC1048 is generated by 
operational amplifier U3 and PNP transistor Q1, which supplies 
the reference current. System "GAIN" is adjusted by varying 

AID Converter 

The TOC1048 integrated circuit is an 8-bit fully parallel !flash) 
analog -to -digital converter capable of digitizing an input signal 
at rates up to 20MSPS IMegaSamples Per Second!. A single 
CONVert ICONV) signal controls the conversion operation of 
the device. The TOC1048 consists of 255 sampling comparators, 

Output Interface 

Data from the TOC1048 is latched by U5 on the rising edge of 
the CONV signal. This 74LS374 octal edge-triggered latch 
improves output drive and fan -out capability for the board 
while adding one clock cycle of pipeline delay. Substituting a 

Mechanical Design 

The TOC1 048E1 C is designed to be compatible with the 
"Eurocard" format and mate with a standard 64 conductor 
Eurocard DIN connector. Mating edge connectors are included 
with each evaluation board. 

The TOC1048E1C evaluation board may also be used with the 
TOC1047 7 -bit AID converter by removing the TOC1048 socket 
and installing a 24 lead DIP socket in the footprint oriented at 

LSI Products Division 
TRW Electronic Components Group 

and output data latch. Analog and digital grounds are 
separated on the board to provide flexibility in system 
grounding. 

The amplifier drives the AID converter directly, without an 
emitter follower stage. Frequency response and pulse response 
are adjusted by the variable capacitor, C13. The board has 
provision for a resistive voltage divider and SMA output 
connector for convenient monitoring of amplifier response. 

potentiometer R9 which controls the reference voltage to the 
AID converter. The adjustable reference voltage range to the 
TOC1048 is 0 to -2.4 Volts. 

encoding logic, and a latched output register. On the rising 
edge of the CONV signal, the comparators are latched and 
their outputs encoded. On the next rising edge of the CONV 
signal that data is transferred to the outputs of the TOC1048. 

74LS373 for U5 and connecting its clock input to a logic "1" 
will eliminate the extra pipeline delay while improving the data 
output drive capability of the board. 

right angles to that of the TOC1D48. In addition, electrical 
changes must be made to the board in order to use the 
TOC1047. IRefer to TDC1047E1C Data Sheet.) 

Standard 28 pin sockets for the TOC1048 integrated circuit are 
used on the boards. The boards are arranged so that this 
socket may be replaced by a "Zero Insertion Force" IZIF) 
socket when the evaluation board is used as a test fixture. 

E 85 
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Power Supplies 

The TOC1048El C evaluation board operates from two power 
supply voltages: + 5.0 and - 5.2 Volts. The return path for ICC 
(current from the +5.0 Volt power supply) is 0GNO. The return 
paths for lEE (current from the -5.2 Volt supply) is AGNO. It 

Name Function 

Vee Positive Power Supply 

is recommended that all ground pins be used. Diodes 01 
through 04 function as voltage clamps, which will prevent 
damage to the board should improper power supply voltages 
be applied. 

Value Pin 

+5.0V BIB 

VEE Negative Power Supply -5.2V Bl 

AGND Analog Ground 

DGND Digital Ground 

Analog Input 

The TOC1048 evaluation board is supplied with a nominal input 
impedance of 75 Ohms and an input voltage range of 
1 Volt p - p. 80th input impedance and input voltage range 
may be changed for operation in other modes. The values of 
input resistors R1 and R2 determine the input impedance and 
voltage range of the evaluation board. Suggested values are 

Name Function 

Analog Input Voltage 

Control Inputs 

Two control inputs are provided for changing the· format of the 
output data. When NMINV is tied to a logic "0," the most 
significant bit of the output data is inverted. When NLiNV is 
tied to a logic "0," the seven least significant bits of the 
output data are inverted. By using these DC controls, the 
output data can be read in binary, inverse binary, two's 

Name Function 

O.OV A20-A32 

B22 

B25 

B2B 
O.OV AI-AlB 

B2 

B9 

BIO 

B16 

B17 

shown in the Input Resistor Selection Table for various input 
impedances and voltage ranges. Note that the video input to 
the board is through an SMA connector (J1, "Video In")' Video 
input to the board can be routed through the edge connector 
by installing jumper "A" and using edge connector pin B21. 

Value Pin 

See Text B21 

complement, or inverse two's complement formats. Output data 
versus input voltage and control input state is illustrated in the 
Output Coding Table. Pull- up resistors are provided on the 
board for disabling these control functions when their pins are 
left open. 

Value Pin 

NMINV Not Most Significant Bit INVert TTL B13 

NliNV Not least Significant Bit INVert TTL B6 

Reference 

The TO C1 048 evaluation board includes circuitry for generating 
the voltage reference for the AID converter. This voltage is 

E 86 

brought out to a test point (VREF) located on the side of the 
board opposite that of the edge connector. 
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Convert 

The TDC1D48 AID converter is sampled within lDns after the 
rising edge of the CONV signal. Output data is latched on the 
next rising edge of the CONV signal. Data from U5 is also 
latched on the rising edge of the CONV signal. U5 adds one 
clock cycle of pipeline delay to data sent off the board. Note 

that there are minimum pulse width (tpWH, tpWLI 
requirements on the waveshape of the CONV signal. A 
footprint for an SMA connector is located on the board near 
the AID converter (J3, CONVI for a convenient monitoring or 
input point. 

Name Function 

CONY AID Clock Input 

Data Outputs 

The outputs of the TDC1D48 evaluation board are TTL 
compatible and capable of driving several TTL loads. 

Name Function 

Dl (MSBI Most Significant Data Bit 

D2 

D3 

D4 

D5 

D6 

D7 
DB (lSBI least Significant Data Bit 

No Connects 

There are several pins on the TDC1D48 evaluation board that 
have no connection to the circuit. These pins may be left 
open. 

Name Function 

NC No Connection 

Figure 1. Timing Diagram 

Value Pin 

TTL B15 

Value Pin 

TTl B12 

TTl Bll 

TTL BB 

TTL B7 

TTL B5 

TTl B4 

TTl B3 

TTl B14 

Value Pin 

Open A19 

B19 

B20 

B29-B32 

Ir=~ _1
4 tPWH=r-tPWLj 1 

CONV 'I \ 11 SAMPLE \.1 11 '--SAMP--LE \ ___ t
l 

~I SAMPLE . N + 1· . N + Z· . 

TDC1048 ANALOG INPUT N 

----~ ------------
~ I 
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Absolute maximum ratings Ibeyond which the board may be damagedl' 

Power Supply Vohages 

VCC (measured to 0GNO} .................................................................................................. , ........................................................................................ -0.5 to +7.0V 

VEE (measured to AGNO} ........................................................................................................................................................................................... +0.5 to -7.0V 

AGNO(measured to 0GNO} ........................................................................................................................................................................................ +0.5 to -0.5V 

Input Vohages 

CONY, NMINV, NLiNV (measured to 0GNO} ......................................................................................................................................................... -0.5 to +5.5V 

Output 

Applied voltage .......................................................................................................................................................................................................... - 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 0GNO} .......................................................................................................................................... 1 sec. 

Temperature 

Operating, ambient ...................................................................................................................................................................................................... -40 to +90°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 board, 

Operating conditions 

Parameter Min Nom Max Units 

VCC Positive Power Supply (measured to 0GNO} 4.75 5.0 5.25 V 

VEE Negative Power Supply (measured to AGNO} -4.9 -5.2 -5.5 V 

VAGNO Analog Ground (measured to 0GNO} -0.1 0.0 +0.1 V 

tPWH CONY Pulse Width, HIGH 1 22 ns 

tpWL CONY Pulse Width, LOW 1 lB ns 

VIL Input Voltage, Logic LOW 1 O.B V 

VIH Input Voltage, Logic HIGH 1 2.0 V 

IOL Output Current, logic lOW 2 4.0 mA 

IOH Output Current, logic HIGH 2 -400 flA 

AIN Input Voltage Range 3 0.0 1.0 V 

TA Ambient Temperature Range 0 70 °c 
Notes: 

1. Applies to logic input pins of the TDC1048 only. 

2. Applies to outputs of U5 only. 

3. 75 Ohm input impedance, as supplied, U2 offset zeroed. 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

ICC Positive Supply Current VCC - MAX 110 mA 

lEE Negative Supply Current VEE - MAX 355 mA 

liN Input Inpedance 70 80 Ohms 

III Input Current, logic lOW 1 VCC = MAX, VI = 0.5V -0.4 mA 

IIH Input Current, logic HIGH 1 VCC = MAX, VI = 2.4V 50 I1A 

VOL Output Voltage, logic lOW 2 VCC = MIN, IOl = 4mA 0.5 V 

VOH Output Voltage, logic HIGH 2 VCC = MIN, IOH = -4oomA 2.4 V 

Notes: 
1. Applies to the TOC1048 logic inputs only. 

2. Applies to U5 outputs only 

Switching characteristics within specified operating conditions 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VCC = MIN, VEE = MIN 20 MHz 

tSTO Sampling Time Offset 1 0 10 ns 

to Output Delay Time 2 VCC = MIN, VEE = MIN 28 ns 

tHO Output Data Hold Time 1 VCC = MIN, VEE = MIN 15 ns 

Notes: 
1. Applies to TOC1048 only 
2. Applies to U5 only. 

TDC1048J6C performance characteristics within specified operating conditions 1 

Parameter Test Conditions Min Max Units 

Ell Integral linearity Error 0.2 % 

ELO Differential linearity Error 0.2 % 

BW Bandwidth Full-Power Input 7 MHz 

DP Differential Phase NTSC @ 4x Color Subcarrier 114.32MHzl 1.0 degree 

DG Differential Gain NTSC @ 4x Color Subcarrier 114.32MHzl 2.0 % 

Note: 
1. Items listed in this table apply to the AID converter only Contributions to these parameters from the buffer amplifier are not significant. 

Calibration 

The evaluation board is calibrated by adjusting the offset and 
gain trim resistors, RS and R9. Offset can be calibrated when 
a voltage 1/2 LSB greater than "zero -scale" is applied to the 
board input. The "Offset" pot is then turned to a point where 

the output data toggles between "00000000" and "00000001." 
Gain is calibrated by applying a voltage 1/2 LSB less than 
full-scale and turning the "GAIN" pot until the output data 
toggles between "11111110" and "11111111." 

LSI Products Division 
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Output Coding Table 1 

Binary 
Input True Inverted 
Voltage 

NMINV-l 0 

NLlNV-l 0 
0.0000 00000000 11111111 

+0.0039 00000001 11111110 

· · · · · · · · · +0.4990 01111111 10000000 

+0.5019 10000000 01111111 

• · · · · · · · · +0.9960 11111110 00000001 

+ 1.0000 11111111 00000000 

Note: 
1. Input voltages are at code centers and buffer amplifier offset voltage is nulled. 

Figure 2. Schematic of Evalution Board 

BIB 

True 

0 

1 

10000000 

10000001 

· · · 11111111 

00000000 

· · · 
01111110 

01111111 

Two's Complement 

R2J 
2.2K 

Inverted 

1 

0 

01111111 

01111110 

· · · 00000000 

11111111 

· · · 10000001 

10000000 

VCC >-~----------------------------------------------~~---.--------~~---.------~~----~~ 

B21 

A20 - All 
B22.B25 

AGND >-........... ---. 

02 

DGND >-.............. --, 
AI - All. B2 
89.810. B16. B17 

RIJ 
10 

10 + 

25~CI 

27 

R17 

~R21 170 

~J2 +-fa BUFFER f DUT 
R22 
51 

~ 

VREF 
TESTPDlNTS % 

R141.5K 

R151.5K 

NMINV rBI::..,J __________________________________________________________ ---J 

NliNV >=-B6 ____________________________________________________________ ---J 

RT 
27 

RM 

26 
R8 

28 

12 

CLDCK 

DUTPUT 
CDNTRDL GND 

CDNVrBl::..,5 ________________________________________________________________________ ~----~ I 10 
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Notes for Figure 2. Schematic of Evaluation Board 

1. All capacitor values are in microfarads tuFI. 
2. All capacitor voltage ratings are 50WVDC unless otherwise noted. 
3. All resistors are l/BW unless otherwise noted. 
4. All resistor values are in Ohms. 
5. All diodes are 1 N4001. 

Miscellaneous Evaluation Board Parts 

Eurocard connector Winchester 64P-6033-0430 
DIN 416128 2-row 64-contact 
board mount male 

Eurocard connector Winchester 64S - 6033 - 0422 - 1 
DIN 416128 Z-row 64-'contact 
wire-wrap female 

Jl-J3 SMA coax connector 
(J2, J3 not included I 

Sealectro 50-651-0000-31 or 
Omni-spectra 206Z-0000-00 

L 1, L2 ferrite bead inductors Fair - Rite Products Corp. 
Z743001112 

Input Resistor Selection Table (values in Ohms) 

Input Voltage Range 
liN 1V 2V 

Rl R2 Rl 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 Rl and R2: 

RZ = __ 1 __ 

(
VR) 1 
liN + 1000 

Rl = l _( 1000 R2 ) 
IN RZ + 1000 

where VR is the desired input voltage range of the board, liN 
is the desired input impedance of the board, and the constant 
value 1000 is given by the value of R3. 

LSI Products Division 
TRW Electronic Components Group 

4V 
Rl 

37.4 

56.2 

69.8 

750 

R2 

12.7 

19.1 

23.7 

332 

5V 10V 
Rl R2 Rl R2 

40.2 10 45.3 4.99 

60.4 15.4 68.1 7.5 

75 19.1 84.5 9.31 

806 249 909 110 .. 
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Assembly For TDC1048E1C 

~-----------------------------------------6.~----------------~--------------------~~ 

~...,~------------------------------- 6.300 --------------------------------------------~ 

~@ 
3.680 

~ R14 

R16 
R23 

D~ G 
+0 

[ill] ~ 

0.130 

~ 
0 °GNO 

00 

Note: 
1. • not supplied. 

2. Dimensions in inches. 

Ordering Information 

+ 
0.144 DIAMETER 
IN FOUR PLACES 

Jl 
VIDEO 
IN 

o "A" 0 [0J~~~& R3~+ C3 

~8~ @] 

cloD U2 R4 C13 I OFFSET 

R8 b 

~ ~'81 R9 P 
[ill 

GAIN 

·'00 .n'~ ~ [] ~ + ~ C5D ~ AGNO 0 

~ •• ~ @] BUFFER "R22 VREF 0 
~~3NV OUT ~ 

3.940 

3.~ 

Product Number Description Order Number 

TDC1048E1C Eurocard Format Board With AID Converter TDC1048E1C 
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D/A Converters 

LSI Products Division 

TRW LSI's line of monolithic, 
high-speed Of A converters employ 
segmented current switching 
techniques. These Of A converters have 
resolutions of 4, 8 and 10 bits, and are 
exceptionally well suited for video, 
vector, and raster graphics applications. 
These devices are built with TRW 
LSI's proven 3D (triple-diffused) 
bipolar technology which provides 
significant advantages in performance, 
size, power, and reliability. The 
development of fine lithography 
techniques has yielded faster, more 
accurate, and more economical Of A 
converters. The TOC 1018 and 
TOC 1034 are manufactured with 
OMICRON-BTM, TRW's new I-micron 
process. 

Operation 
Of A converters have four major 
functional sections: data input registers, 
decoding logic, output current switches 
and reference amplifier. The primary 
function of the data registers is to hold 
data values constant during conversion. 
The registers assure precise matching 
of propagation delays to reduce 
glitching to a minimum. The decoding 

Integral 
Linearity Conversion 

Product Bits Error (%) Rate1 (MSPS) 

TDC1016 2 0.20 20 
0.10 20 

10 0.05 20 

TDC1018 8 0.20 125 

TDC1034 0.80 125 

logic selects the current switches and 
special video functions, such as SYNC, 
BLANK, BRIGHT, and FORCE 
HIGH. The two analog outputs of the 
TOC 10 18 and the TOC 1034 are 
complementary currents, which vary in 
proportion to the input data, controls, 
and reference current. The TOC 10 16 
has an internal resistor to provide a 
voltage output which varies in 
proportion to the magnitude of input 
data and reference voltage. The 
reference amplifier drives the current 
switches. The full-scale output value 
may be adjusted over a limited range 
by varying the reference voltage or 
current. 

Most applications of these devices 
require no extra registering, buffering, 
or deglitching. Four special level 
controls make the TOCI018 and the 
TOC 1034 ideal for RGB raster 
graphics applications. The TOC1016 
can be operated in either TTL or EeL 
compatible modes, with controls for 
selecting input data format. Binary, 
inverse binary, two's complement, and 
inverse two's complement formats are 
supported. 

Power 
Dissipation 
(Watts) Package Notes 

0.7 J5, J7, C2, B7 TTUECl Compatible 
0.7 J5, J7, C2, B7 TTUECl Compatible 
0.7 J5, J7, C2, B7 TTUECl Compatible 

0.8 J7, B7, C3 ECl Compatible 

0.7 J8, B8 ECl Compatible 

Notes: 1. Guaranteed, Worst Case, T A ~ DoC to 70°C. 

2. The TOC1016 has 1O·bit resolution, and is available in three linearity grades to meet 8, 9, and 1O·bit 
system requirements. 
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Video Speed D/ A Converter 
10-bit, 20MSPS 

The TDC1016 is a bipolar monolithic digital-to-analog 
converter which can convert digital data into an analog voltage 
at rates up to 20 MegaSamples Per Second IMSPSI. The 
device includes an input data register and operates without an 
external deglitcher or amplifier. 

Operating the TDC1016 from a single -5.2 Volt power supply 
will bias the digital inputs for ECl levels, while operating from 
a dual ± 5 Volts 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. 

Features 

• 20MSPS Conversion Rate 

• 8, 9, or 10-Bit linearity 

Functional Block Diagram 

10 TIL INPUTS 
(20 ECl INPUTS) 

ClK 

NDIS 

(NDlS) 

NFL 

NFH 

N2C 

VREF 

COMP 

lSI Products Division 

TIUECl 
DIGITAL 
INPUT 
BUFFERS 10 

TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Voltage Output, No Amplifier Required 

• Single Supply Operation 1-5.2V, ECl Compatiblel 

• Dual Supply Operation 1 ± 5.0V, TTL Compatiblel 

• Internal 10 - Bit latched Data Register 

• 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 Degree 

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 

DATA CURRENT R-2R 
LATCHES SWITCHES RESISTOR 

10 10 

ClK VREF 

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

NETWORK ADUT 

©TRW Inc. 1985 
40G00280 Rev. E -1185 
Printed in the U.S.A. 

.. 



TDC1016 

Functional Block Diagram 

---------

Pin Assignments 

10 TTL INPUTS 
(20 ECl INPUTS) 

ClK 

(ClK) 

NDIS 

(NDlS) 

NFL 

NFH 

N2C 

VREF 

COMP 

NC 1 

VEE 2 
CaMP 3 

VREF 4 

AGNO 5 

AGNO 6 

AOUT 7 

AGNO 8 

VCC 9 

0GNO 10 
NOIS 11 
ClK 12 
ClK 13 

NOIS 14 
(MSB) 0, 15 
(MSB) 01 16 

N2C 17 
Iii 18 
02 19 

NFH 20 

TTUECl DATA 
DIGITAL lATCHES 
INPUT 
BUFFERS 10 

ClK 

[g] '-./ 40 NC 
39 NC 
38 NC 
37 010 (lSB) 
36 010 (lSB) 
35 09 
34Dg 

D 
33 08 
32 Do 
31 07 
30 D7 
29 06 
28 Os 
27 05 
26 Os 
25 04 
24 Ii4 
23 03 
221ij 
21 NFL 

40 Lead DIP - J5 Package 

F 6 

-~ ... I., •• 

CURRENT R-2R 
SWITCHES RESISTOR 

NETWORK AOUT 

10 10 

VREF 

VREF 24 COMP 

AGNO 2 23 VEE 

AGNO 3 22 010 (lSB) 

AOUT 4 21 09 

AGNO 5 20 08 

VCC 6 19 07 

°GNO 7 18 06 
NOIS 8 17 05 
ClK 9 16 04 

(MSB) 01 10 15 D3 
N2C 11 14 NFL 

D2 12 13 NFH 

24 Lead DIP - J7 Package 
24 Lead CERDIP - 87 Package 

lSI Products Division 
TRW Electronic Components Group 



TDC1016 

Pin Assignments 
iii 

c ... c. ~ 
~~~~~~~~~~~ 
~~I:;~:q;:JjR!:I;;;~~ 

AGNO 40 ) ( 28 OlD (LSB) 

AGNO 41 > ( 27 09 

AOUT 42 > ( 26 09 

AGNO 43? ( 25 08 

Vee 44 ? ( 24 08 

0GNO 1 ~ ( Z3 07 
NOIS n ZZ 07 
elK 3> 21 06 
elK 4> 2D 06 

NOIS 5) ~ 19 05 
NC 6~ ~ 18 05 

~ 

QQ~O"O"a:~r!j'r!j'~~ 
iii iii z 
CII CII 

~~ 

44 Contact Chip Carrier - C2 Package 

Functional Description 

General Information 

TIL/ECl buffers are used for all digital inputs to the TDC1016. 
logic family compatibility depends upon the connection of 
power supplies. When single power supply (- 5.2VI operation is 
employed, all data, clock, and disable inputs are compatible 
with differential ECl logic levels. All digital inputs become 
compatible with TIL levels when dual power supply (± 5.0VI 
operation is used. 

The internal 10-bit register latches data on the rising edge of 
the clock (ClKI pulse. Currents from the current sources are 

Power 

The TDC1016 can be operated from a single -5.2 Volts power 
supply or from a dual ±5.0 Volts power supply. For single 
power supply operation, VCC is connected to DGND and all 
inputs to the device become ECl compatible. When VCC is tied 
to +5.0 Volts, the inputs are TIL compatible. 

Name Function Value 

Vee Positive Supply Voltage +5.0V 

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. 

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. 

J5 Package C2 Package J7, 87 Package 

Pin 9 Pin 44 Pin 6 

VEE Negative Supply Voltage -5.0V Pin 2 Pin 34 Pin 23 

AGND Analog Ground O.OV Pins 5, 6, B Pins 39, 40, 41, 43 Pins 2, 3, 5 

DGND Digital Ground O.OV Pin 10 Pin 1 Pin 7 

LSI Products Division 
TRW Electronic Components Group F 7 

.. 
I 



TDC1016 

Reference 

The reference input is normally set to -1.0V with respect to 
AGNO. Adjusting this voltage is equivalent to adjusting system 
gain. The temperature stability of the TOC1016 analog output 
(AOUTI depends primarily upon the temperature stability of the 
applied reference voltage. 

Name Function 

VREF Reference Voltage In 

CaMP Compensation 

Control 

The NOIS 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 

Name Function 

NDiS Not Disable 
NDiS Not Disable (lnv) 

ClK Clock 
ClK Clock (lnv) 
N2C Not Two's Complement 
NFH Not Force HIGH 

The internal operational amplifier of the TOC1016 is frequency 
stabilized by an external 1 microfarad tantalum capacitor 
connected between the COMP pin and VEE. A minimum of 
1 microfarad is adequate for most applications, but 
10 microfarads or more is recommended for optimum 
performance. The negative side of this capacitor should be 
connected to VEE. 

Value J5 Package C2 Package J7, 87 Package 

-1.0V Pin 4 Pin 36 Pin 1 

1 J.lF Pin 3 Pin 35 Pin 24 

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 "0." When NFH and NFL are both 
activated with a logic "0," the input data to the 10 - bit 
register is inverted. 

Value J5 Package C2 Package J7, 87 Package 

TTUECl Pin 11 Pin 2 Pin B 
ECl Pin 14 Pin 5 
TTUECl Pin 12 Pin 3 Pin 9 
ECl Pin 13 Pin 4 

TTUECl Pin 17 Pin 9 Pin 11 
TTUECl Pin 20 Pin 12 Pin 13 

NFL Not Force lOW TTUECl Pin 21 Pin 13 Pin 14 

Data Input 

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 B7 packages have only 
single - ended inputs. When differential ECl data is used, any 
data input can be inverted simply by reversing the connections 

F 8 

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 VCC. 

LSI Products Division 
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TDC1016 

Data Input (Cont.) 

Name Function 

D, Data Bit 1 (MSB) 

OJ Data Bit 1 (MSB Inv) 

D2 

D2 
D3 

OJ 
D4 

04 
D5 

OS 
D6 

OS 
D7 

OJ 
D8 

Os 
D9 

OS 
DIO Data Bit 10 (lSB) 

DIO Data Bit 10 (lSB Inv) 

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. 

Name Function 

AOUT Analog Output Voltage 

No Connect 

Value 

TTUECl 
ECl 
TTUECl 
ECl 
TTUECl 
ECl 
TTUECl 
ECl 
TTUECl 
ECl 
TTUECl 
ECl 
nUECl 
ECl 
nUECl 
ECl 
nUECl 
ECl 
nUECl 
ECl 

There are several pins labeled no connect (NCl on the TDC1016 
J5 and C2 packages, which have no connections to the chip. 
These pins should be left open. 

Name Function J5 Package 

J5 Package C2 Package 

Pin 16 Pin 8 
Pin 15 Pin 7 
Pin 19 Pin 11 
Pin 18 Pin 10 
Pin 23 Pin 15 
Pin 22 Pin 14 
Pin 25 Pin 17 
Pin 24 Pin 16 
Pin 27 Pin 19 
Pin 26 Pin 18 
Pin 29 Pin 21 
Pin 28 Pin 20 
Pin 31 Pin 23 
Pin 30 Pin 22 
Pin 33 Pin 25 
Pin 32 Pin 24 
Pin 35 Pin 27 
Pin 34 Pin 26 
Pin 37 Pin 29 
Pin 36 Pin 28 

J5 Package C2 Package 

Pin 7 Pin 42 

C2 Package 

NC No Connect Pins " 38, 39, 40 Pins 6, 30, 31, 32, 33, 37, 38 

LSI Products Division 
TRW Electronic Components Group 
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DIl'Vlr:l 

J7, B7 Package 

Pin 10 

Pin 12 

Pin 15 

Pin 16 

Pin 17 

Pin 18 

Pin 19 

Pin 20 

Pin 21 

Pin 22 

J7, B7 Package 

Pin 4 lUI 
I 

J7, B7 Package 

None 
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TDC1016 

Figure 1. Timing Diagram 

DATA, 
CONTROLS 

CLOCK 

1CLOCK 

OUTPUT -------+--~ 

Note: 1. Differential Eel mode only tDS 

Figure 3. Digital Input Equivalent Circuit, TTL Mode 

Vcc 
(+5.0V) 

DATA 

DGND 

VEE 

F 10 

Figure 2. Analog Output Equivalent Circuit, TTL & ECl Mode 

COUT 

AOUT 

INPUT DATA DEPENDENT CURRENT SINK 

Note: 1. 75 r2 requires outside trim 

Figure 4. Digital Input Equivalent Circuit, ECl Mode 

VCC 
(O.OV) 

DGND 

DATA 
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VEE 

40K 
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37K 
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TDC1016 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltages 

VCC (measured To 0GNO) ......................................................................................................................................................................................... -0.5 to + 7.0V 

VEE (measured To AGNO) .......................................................................................................................................................................................... +0.5 to -7.0V 

AGNO (measured To 0GNO) ...................................................................................................................................................................................... + 1.0 to -l.OV 

Input Voltages 

Digital (measured To 0GNO) ..................................................................................................................................................................................... +7.0 to -7.0V 

Reference (measured To AGNO) ............................................................................................................................................................................... -1.5 to + 0.5V 

Output 

Applied voltage (measured To AGNO) .................................................................................................................................................................. + 2.0 to - 2.0V 2 

Short-circuit duration ........................................................................................................................................................................................................... indefinite 

Temperature 

Notes: 

Operating ambient .................................................................................................................................................................................................................... + 125°C 

junction .................................................................................................................................................................................................................... + 175°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 is NOT implied 

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

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC 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 

VAGND Analog Ground Voltage (Measured to 0GNO) -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 20 ns 

ECl Mode 25 25 ns 

tH Input Register Hold Time 2 2 ns 

Vil logic "0" TTL Mode DGNO O.B DGND O.B V 

ECl Mode -1.475 -1.475 V 

VIH logic "1" TTL Mode 2.0 VCC 2.0 VCC V 

ECl Mode -1.105 -1.105 V 

VREF Reference Voltage -O.B -1.0 -1.2 -O.B -1.0 -1.2 V 

CCOMP Compensation Capacitor 1.0 1.0 ,uF 

TA Ambient Temperature 0 70 °C 

TC Case Temperature -55 125 0(; 

LSI Products Division 
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TDC1016 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Power Supply Current TTL Mode, VCC - MAX, VEE - MAX 20 20 rnA 

lEE Power Supply Current TTL Mode, VCC - MAX, VEE - MAX 1 -120 -150 rnA 

IREF Reference Input Current VEE - MAX, VREF - -1.0V 10 10 f.1A 

III logic "0" Input Current TTl Mode, VCC - MAX, VEE - MAX -1.0 -1.0 rnA 

ECl Mode, VCC - 0.0, VEE - MAX -300 -300 f.1A 

IIH logic "I" Input Current TTl Mode, VCC - MAX, VEE - MAX 75 75 f.1A 

ECl Mode, VCC - 0.0, VEE - MAX 350 350 f.1A 

COUT Output Capacitance AOUT to AGND (Figure 21 10 10 pF 

CIN Digital Input Capacitance Any Digital Input to DGND 35 35 pF 

ROUT Output Resistance AOUT to AGND (Figure 21 70 95 70 95 Ohms 

Note: 
1. Return current from VEE flows through AGND' 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

FC Maximum Data Rate TTL Mode Full-Scale Output Step 20 20 MSPS 

ECl Mode Full-Scale Output Step 18 18 MSPS 

tDS Data Turn - on Delay Rl - 75 Ohms 20 20 ns 

tSET Settling Time TDC1016-8 to 0.2% 30 30 ns 

TDC1016-9 to 0.1% 35 35 ns 

TDC1016-1O to .05% 40 40 ns 

tRV Output 10% to 90% Risetime VEE - NOM, Rl - 75 Ohms Full-Scale Step 5.5 5.5 ns 

LSI Products Division 
F 12 TRW Electronic Components Group 



TDC1016 

System performance characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

RES Resolution All TDC1016 Devices 10 10 bits 

Ell, ElD linearity Error Integral and Differential TDC1016-B 0.2 0.2 % FS 
Terminal Based TDC1016-9 0.1 0.1 % FS 

TDC1016-10 0.05 0.05 % FS 

VDFS Full-Scale Output Voltage VEE - NOM -0.95 -1.05 -0.95 -1.05 Volts 

VREF - -1.000V 

VOZS Zero - Scale Output Voltage VEE - NOM, Rl - 75 Ohms ±15 ±15 mV 

VREF - -1.000V 

DP Differential Phase NTSC 4x subcarrier 1 1.0 1.0 Degree 
DG Differential Gain NTSC 4x subcarrier 1 1.5 1.5 % 

GE Glitch "Energy" (Area) Rl - 75 Ohms, Midscale 100 100 pV-sec 

GV Glitch Voltage Rl - 75 Ohms, Midscale 35 35 mV 

Note: 
1. In excess of theoretical DP and DG due to quantizing error. 

Input Coding Table 

NDiS N2C NFH Nfl Data Output Description 

0 x x x xxxxxxxxxx 0.0 Output Disabled 

1 1 1 1 1111111111 0.0 Binary (Default State for 
1 1 1 1 0000000000 -1.0 TIL Mode Control) Inputs Open 

1 1 0 0 1111111111 -1.0 Inverse Binary 
1 1 0 0 0000000000 0.0 

1 0 1 1 0111111111 0.0 Two's Complement 
1 0 1 1 1000000000 -1.0 

1 0 0 0 0111111111 -1.0 Inverse Two's Complement 
1 0 0 0 1000000000 0.0 

.. 
I 

1 x 0 1 xxxxxxxxxx 0.0 Force HIGH 
1 x 1 0 xxxxxxxxxx -1.0 Force lOW 

Notes: 
1. For TTL, 0.0 < Vil < + O.B Volts is logic "0" 
2. For TTL, +2.0<VIH< +5.0 Volts is logic "1" 
3. For ECl, -1.B5 < Vil < -1.47 Volts is logic "0" 

4. For ECl, -1.10 < VIH < -O.B Volts is logic "1" 
5. "x" = "don't care" 

LSI Products Division 
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TDC1016 

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. 

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 TOC1016. 

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 

Figure 5. Typical Interface Circuit 

TIL DATA 
INPUTS 

F 14 

-5V 

+5V 

R3 

+12V 

~t RIO 

R4 

R5 

RII 

R2 
"OFFSET" 

RI2 

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. 

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 R 1. Analog and digital grounds should be routed back 
to system power supply ground by separate paths. 

RI6 R22 RI5 44 

R20 
U4 "SYNC" 

45 

r-i U4 "BLANKING" 
-= R21 

+5V 

R7 C6 +12V 

RB 

RIO COMPOSITE 
VIDEO 
OUT 

R9 

-12V 
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Parts List 

Resistors Capacitors Diodas 

Rl 5K 1/4W 10-turn Cl O.01JlF 50V CRl lN4001 
R2 lK 1/4W 10-turn C2 1.OJlF lOV 
R3 lK 1/4W 5% C3 1.OJlF 10V Transistors 
R4 43 1I4W 5% C4 2.2JlF 25V 
R5 33 1/4W 5% C5 O.lJlF 50V Q1 2N2907 
R6 330 1/4W 5% C6 2-5 pF 50V 02 2N2907 
R7 750 1/4W 5% C7 O.lJlF 50V 03 2N2907 
RS,R9 10 1/4W 5% CS O·lJlF 50V 04 2N6660 
R10 75 1/4W 2% C9 O.lJlF 50V 05 2N6660 
Rll,R12 10K 1/4W 5% C10 O.lJlF 50V 
R13 220 1/4W 5% Integrated Circuits 
R14,R15 100 1I4W 5% RF Chokes 
R16,R22 390 1I4W 5% l1,l2 Ferrite beads Ul TRW TDC1016 
R17,R1B 2K 1/4W 10-turn U2 lMl13 
R19 lK 1/4W 5% U3 HA2539 
R20,R21 lK 1/4W 5% U4 SN7404 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1016J5CX TA - DOC to 70°C Commercial 40 lead DIP 1016J5CX 
TDC1016J5GX TA - DoC to 70°C Commercial With Burn -In 40 lead Dip 1016J5GX 
TDC1016J5FX3 T C - - 55°C to 125°C Commercial 40 lead Dip 1016J5FX 
TDC1016J5AX3 T C - - 55°C to 125°C High Reliability 1 40 lead Dip 1016J5AX 

TDC1016J7CX TA - DoC to 70°C Commercial 24 lead DIP 1016J7CX 
TDC1016J7GX T A - DoC to 70°C Commercial With Burn -In 24 lead DIP 1016J7GX 
TDC1016J7FX3 T C - -55°C to 125°C Commercial 24 lead DIP 1016J7FX 
TDC1016J7AX3 T C - -55°C to 125°C High Reliability 1 24 lead DIP 1016J7AX 

TDC1016B7CX TA - DoC to 70°C Commercial 24 lead CERDIP 1016B7CX 
TDC1016B7GX T A - DoC to 70°C Commercial With Burn-In 24 lead CERDIP 1016B7GX 

TDC1016C2CX TA - DoC to 70°C Commercial 44 Contact Chip Carrier 1016C2CX 
TDC1016C2GX TA - DoC to 70°C Commercial With Burn-In 44 Contact Chip Carrier 1016C2GX 
TDC1016C2FX3 T C - - 55°C to 125°C Commercial 44 Contact Chip Carrier 1016C2FX 
TDC1016C2AX3 T C - - 55°C to 125°C High Reliability 1 44 Contact Chip Carrier 1016C2AX 

Note: 
1. Per TAW document 70Z01757. 
2. "X" in part and mark number indicates grade. The TDC1016 devices are available in three grades. Grade "8" is for 8-bit linearity, grade "9" for 

9-bit linearity, and grade "10" for 10-bit linearity. The 8-bit version of the B7 ICEADIPI package does not have "-8" marking. 
3. The TDC1016 with F or A screening is available in 8 or 9-bit linearity only. 

TAW 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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TDC1018 
Preliminary Information 

DI A Converter 
8-bit, 125MSPS 

The TRW TDC1 01 8 is a 125 MegaSample Per Second (MSPS), 
8 - bit digital-to - analog converter, capable of directly driving a 
75 Ohm load to standard 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-BTM 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 lead DIP 
or a 28 Contact Chip Carrier. 

Features 

• "Graphics - Ready" 
• 125MSPS Conversion Rate 

• 8-Bit 
• 1/2 lSB Linearity 
• Power Supply Noise Rejection> 50dB 

Functional Block Diagram 

FH, BLANK 
BRT, I::=:t=~~ 

CONTROL 
LOGIC 

SYNC 4 1-.._---' 

CONY, CONY 

FT 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Registered Data And Video Controls 
• Differential Current Outputs 
• Video Controls: SYNC, BLANK, BRighT, Force High 

• Inherently low Glitch Energy 

• ECl Compatible 
• Multiplying Mode Capability 
• Power Dissipation < 940mW 
• Available In 24 lead 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 

OUT+ 

OUT-

REF+ R~F- COMP 

Phone: (6191 457-1000 
Telex: 697 -957 
TWX: 910-335-1571 

©TRW Inc. 1985 
40G01211 Rev. 0-1185 
Printed in the U.S.A. 
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TDC1018 

Functional Block Diagram 

Pin Assignments 

F 18 

FH. BLANK 
BRT. 
SYNC 

CONTROL --_ ...... 
LOGIC 

4 

CONY. CONY :c::t::====+.=====..J 
FT 

D5 1 
D6 2 
D7 3 
D8 4 

VEED 5 
CONY 6 
CONY 7 

FT 8 
DGND 9 

FH 10 
BLANK 11 

BRT 12 

[(gJ 

[ 

\....../ 24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

24 Lead DIP - J7 Package 

D4 
D3 
D2 
D1 
VEEA 
OUT+ 
OUT-

AGND 
COMP 
REF+ 
REF-
SYNC 

OUT+ 

L.:::=:.J--t ... OUT-

REF+ REF- COMP 

c~ te~ ~ ~§l 
>::::)::::) 00 

ooct(.) 

~~~~N~~ 

D2 26 18 NC 

D3 27 17 IREF+ 

D4 28 16 IREF-

D5 1 15 SYNC 

D6 2 14 BRIGHT 

D7 3 13 BLANK 
12 FH D8 4 

28 Contact Chip Carrier - C3 Package 
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TDC1018 

Functional Description 

General Information 

The TOC1018 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 (FTl 
determines whether data and control inputs are synchronous or 
asynchronous. If FT is lOW, each rising edge of the CONVert 
clock (CONVI latches decoded data and control values into an 
internal 0 - 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. 

Power 

To provide highest noise immunity, the TOC1018 operates from 
separate analog and digital power supplies, VEEA and VEED, 
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 recommended. A typical decoupling network 
is shown in Figure 7. The return for IEED, the current drawn 

Name Function 

VEEA Analog Supply Voltage 

VEED Digital Supply Voltage 

AGND Analog Ground 

DGND Digital Ground 

LSI Products Division 
TRW Electronic Components Group 

The ToC1018 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. 

Special control inputs, SYNC, BLANK, Force High (FHI and 
BRighT (BRTI, drive appropriately weighted current sinks which 
add to the output current to produce specific output levels 
especially useful in video applications. 

from the VEED supply, is oGNo. The return for IEEA is AGNo· 
All power and ground pins MUST be connected. 

Although the ToCl018 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. 

Value J7 Package C3 Package 

-5.2V Pin 20 Pin 23 

-5.2V Pin 5 Pin 6 

O.OV Pin 17 Pin 20 

O.OV Pin 9 Pin 10 

F 19 
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TDC1018 

Reference 

The TOC1D18 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 Isee Figure 41. 

The analog output currents are proportional to the digital data 
and reference current, IREF. 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. 

Name Function 

REF- Reference Current - Input 

REF+ Reference Current + Input 

COMP COMPensation Input 

Controls 

The TDC1018 has four special video control inputs: SYNC, 
BLANK, Force High IFHI, and BRighT (BRTI, in addition to a 
clock FeedThrough control IFTI. All controls are standard ECl 
level compatible, and include internal pUlidown resistors to 
force unused controls to a logic lOW (inactivel state. 

Typically the TOC1018 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. Propagation delay from 
input change Icontrol or datal 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 CONY 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 Insl before, and a 
hold time of tH Insl after the rising edge of CONY in order to 

Name Function 

FT Register FeedThrough Control 

FH Data Force High Control 

BLANK Video BLANK Input 

BRT Video BRighT Input 

SYNC Video SYNC Input 

F 20 

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 ICOMPI, is provided for external 
compensation of the TOC1018's reference amplifier. A capacitor 
ICCI should be connected between COMP and the VEEA supply, 
keeping lead lengths as short as possible. The value of the 
compensation capacitor determines 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. 

Value J7 Package C3 Package 

Op-Amp Virtual Ground Pin 14 Pin 16 

Op-Amp Virtual Ground Pin 15 Pin 17 

Cc Pin 16 Pin 19 

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. 

Value J7 Package C3 Package 

ECl Pin B Pin 9 

ECl Pin 10 Pin 12 

ECl Pin 11 Pin 13 

ECl Pin 12 Pin 14 

ECl Pin 13 Pin 15 

LSI Products Division 
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Data Inputs 

Data inputs to the TOC1018 are standard single-ended ECl 
level compatible. Internal pull down 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. 

Name Function 

Dl Data Bit 1 IMSB) 

D2 

D3 

D4 

D5 
D6 

D7 

DB Data Bit B IlSB) 

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 (VBB). The bias voltage chosen will determine the 

Name Function 

CONV CONVert Clock Input 

CONV CONVert Clock Input, Complement 

Analog Outputs 

The two analog outputs of the TOC1018 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 

Name Function 

OUT- Output Current -

OUT+ Output Current + 

LSI Products Division 
TRW Electronic Components Group 

In the registered mode, valid data must be present at the 
input a setup time ts (ns) before, and a hold time tH (ns) 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. 

Value J7 Package C3 Package 

ECl Pin 21 Pin 25 

ECl Pin 22 Pin 26 

ECl Pin 23 Pin 27 

ECl Pin 24 Pin 28 

ECl Pin I Pin I 
ECl Pin 2 Pin 2 

ECl Pin 3 Pin 3 
ECl Pin 4 Pin 4 

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. 

Value J7 Package C3 Package 

ECl Pin 6 Pin 7 

ECl Pin 7 Pin B 

output current and effective load impedance, and will usually 
be between OV and -1.0N 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 J7 Package C3 Package 

Current Sink Pin 18 Pin 21 

Current Sink Pin 19 Pin 22 

F 21 
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Figure 1. TIming Diagram 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings (beyond which the device will be damaged) 1 

Supply Vohagas 

VEED (measured to DGND) ........................................................................................................................................................................................... -7.0 to 0.5V 

VEEA (measured to AGND) ........................................................................................................................................................................................... -7.0 to 0.5V 

AGND (measured to DGNDI .......................................................................................................................................................................................... -0.5 to 0.5V 

Input Vohages 

CONY, Data, and Controls (measured to DGND) ..................................................................................................................................................... VEED to 0.5V 

Reference input, applied voltage (measured to AGND) 2 

REF+ ......................................................................................................................................................................................................................... VEEA to 0.5V 

REF- ......................................................................................................................................................................................................................... VEEA to 0.5V 

Reference input, applied current, externally forced 3.4 

REF+ ...................................................................................................................................................................................................................................... 5.0mA 

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+ ...................................................................................................................................................................................................................................... SOmA 

OUT - ...................................................................................................................................................................................................................................... SOmA 

Short circuit duration .................................................................................................................................................................................................... Unlimited sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -50 to + 140°C 

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

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

Storage ........................................................................................................................................................................................................................ -50 to + 1SOoC 

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. 

LSI Products Division 
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Operating conditions 

Temperature Range 
Standard 

Parameter Min Nom Max Units 

VEEO Digital Supply Voltage (measured to DGNO) -4.9 -5.2 -5.5 V 

VEEA Analog Supply Voltage (measured to AGNO) -4.9 -5.2 -5.5 V 

VAGND Analog Ground Voltage (measured to DGNO) -0.1 0.0 +0.1 V 

VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 V 

VICM CONY Input Voltage, Common Mode Range (Figure 2) -0.5 -2.5 V 

VIDF CONY Input Voltage, Differential (Figure 2) 0.4 1.2 V 

tpWl CONY Pulse Width, lOW 4 ns 

tpWH CONY Pulse Width, HIGH 4 ns 

ts Setup Time, Data and Controls 5 ns 

tH Hold Time, Data and Controls 0 ns 

Vil Input Voltage, logic lOW -1.49 V 

VIH Input Voltage, logic HIGH -1.045 V 

IREF Reference Current Video standard output levels 1 1.059 1.115 1.171 rnA 

8 - bit linearity 1.0 1.3 rnA 

Cc Compensation Capacitor 2000 3900 pF 

TA Ambient Temperature, Still Air 0 70 °C 

Note: 
1. Minimum and Maximum values allowed by ±5% variation given in RS343A and RS170 aher initial gain correction of device. 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

IEEA+IEED Supply Current VEEA - VEEO - MAX, static 1 

T A - O°C to 70°C 170 rnA .. 
TA - 70°C 130 rnA 

CREF Equivalent Input Capacitance, REF+, REF- 5 pF 

CI 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 20 kOhms 

Co Equivalent Output Capacitance 20 pF 

lOp Max Current, + Output VEEA - NOM, SYNC - BLANK - 0, FH - BRT - 1 30 rnA 

ION Max Current, - Output VEEA - NOM, SYNC - 1 30 rnA 

III Input Current, logic lOW, Data and Controls VEEO - MAX, VI - -l.40V 200 J1A 

IIH Input Current, logic HIGH, Data and Controls VEED - MAX, VI - -l.OOV 200 J1A 

IIC Input Current, Convert VEEO - MAX, -2.5V < VI < -0.5V 50 IlA 

Note: 
1. Worst case over all data and control states. 

LSI Products Division 
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Switching characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VEEA' VEED - MIN 125 MSPS 

tDSC Clock to Output Delay, Clocked Mode VEEA' VEED - MIN, FT - 0 8 ns 

tDST Data to Output Delay, Transparent Mode VEEA' VEED - MIN, FT - 1 13 ns 

tSI Current Settling Time, Clocked Mode VEEA, VEED - MIN, FT - 0 
0.2% 10 ns 

0.8% 8 ns 

3.2% 5 ns 

tRI 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 

ELI linearity Error Integral, Terminal Based VEEA, VEEQ. IREF - NOM 0.2 % of Gray Scale 

ElD linearity Error Differential VEEA, VEEQ. IREF - NOM 0.2 % of Gray Scale 

IOF Output Offset Current VEEA' VEED - MAX, SYNC - BLANK - 0, FH - BRT - 1 10 IJ.A 

EG Absolute Gain Error VEEA' VEED - MIN, IREF - NOM ±5 % of Gray Scale 

TCG Gain Error T empco ±0.024 % of Gray ScaleloC 

BWR Reference Bandwidth. - 3dB Cc - MIN, Ll VREF - 1mV p-p 1 MHz 

DP Differential Phase 4 x NTSC 1.0 Degrees 

DG Differential Gain 4 x NTSC 2.0 % 

PSRR Power Supply Rejection Ratio VEEA, VEED' IREF - NOM 1 45 dB 

VEEA. VEED' IREF - NOM/: I' 55 dB 

PSS Power Supply Sensitivity VEEA' VEED' IREF - NOM 120 IJ.AN 

GC Peak Glitch Charge Registered Mode 3.4 800 fCoulomb 

GI 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 

FTD Feedthrough Data Clock - Constant 5 -50 dB 

Notes: 
1. 20KHz. ±O.3V ripple superimposed on VEEA. VEED; dB relative to full gray scale. 

2. 60Hz, ±O.3V ripple superimposed on VEEA' VEEO; dB relative to full gray scale. 

3. fCoulombs a microamps X nanoseconds 

4. 37.5S1 load. Because glitches tend to be symmetric, average glitch area approaches zero. 

5. dB relative to full gray scale, 250MHz bandwidth limit. 

LSI Products Division 
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Table 1 Video Control Truth Table 

Sync Blank Force High Bright Data Input Dut- (rnA) 1 Out- (V)2 Out- (JRE)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 

a 0 a 0 000 ... 19.40 -0.728 7.5 Normal Low Level 

0 a 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 Ohms!. 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 

110 - - - - - - - - - - - - - - - -

NORMAL HIGH (WHITE) 
100 -73 -1------------

256 "GRAY LEVELS" 

7.5 -728 1 NORMAL LOW (BLACK) ---------
.. 

-781 ---- -- ----- _...L... ____ -, 

SYNC 
-40 -1071 - - - - - - - - - - - - - - - _."-----_ ...... 1-
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Figure 7. Typical Interface Circuit 

VIDEO 
DATA 
(ECl) 

-5.2V 

CONVert 

CONVert 

CONTROLS 

MSB 

lSB 

~Cl 

(ECL) ------{ 

DS D4 

D6 D3 

D7 D2 

DS Dl 

VEEA 

VEED 
OUT+ 

OUT-
TRW 
TDC101S 

Ul 
CONY AGND 
CONY COMP 
FT 

DGND 
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Parts List 

Resistors 

Rl lKQ Pot 10 Turn 
R2 1.00Kn llBW 1% Metal Film 
R3 2.00Kn llBW 1 % Metal Film 
R4 1.00KQ llBW 1% Metal Film 

Capacitors 

Cl-C3 O.lJ1F 50V Ceramic disc 
Cc O.01J1F 50V Ceramic disc 

F 28 

-S.2V 

(VIDEO - - - .., 
I MONITOR I 
I I 

~1q:'11 
: Rl 7SQ : 
I I 
I I 
I I L ____ .J 

T = ECl TERMINATION 

-S.2V 

Integrated Circuits 

Ul TDC101B DIA Converter 

Voltage References 

VRI LMll3 or LM313 Bandgap Reference 

Inductors 

L1 Ferrite Bead Shield Inductor 
Fair-Rite PIN 2743001112 or Similar 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1018J7C STD-T A - DoC to 70°C Commercial 24 lead DIP 101BJ7C 

TDC1018J7G STD-T A - DoC to 70°C Commercial With Burn-In 24 lead DIP lD18J7G 

TDC1018C3C STD-T A - DoC to 70°C Commercial 28 Contact Chip Carrier lD18C3C 
TDC1018C3G STD-T A - O°C to 70°C Commercial With Burn -In 28 Contact Chip Carrier lO18C3G 

TRW reserves the right 10 change products and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or 
others. 

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TDC1034 
Preliminary Information 

D/ A Converter 
4-bit, 125MSPS 

The TRW TDC1034 is a 125 MegaSample Per Second IMSPSI, 
4-bit digital-to -analog converter, capable of directly driving a 
75 Ohm load to standard video levels. Most applications 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 TOC1034 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 TOC1034 
offers high performance, low power consumption, and video 
compatibility in an 18 lead DIP package. 

Features 

• "Graphics-Ready" 
• 125MSPS Conversion Rate 
• 1/8 lSB Linearity 
• Power Supply Noise Rejection > 50dB 

Functional Block Diagram 

• Registered Data And Video Controls 
• Differential Current Outputs 
• Video Controls: SYNC, BLANK, BRighT 

• low Glitch Energy 
• ECl Compatible 
• low Power Dissipation 
• Available In 18 lead DIP And CERDIP Packages 

• Single -5.2V Power Supply 

Applications 

• CAD 
• RGB Graphics 
• Raster Graphic Displays 
• Digital Synthesizers 
• Automated Test Equipment 
• Digital Transmitters/Modulators 

CONTROL .--...... OUT+ 

BLANK. 
BRT. 
SYNC 

CONY. CONY 

LSI Products Dlvlllon 
TRW Electronic Components Group 
P.O, Box 2472 
La Jolla. CA 92038 

LOGIC 

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

OUT-

REF+ REF- COMP 

©TRW Inc. 1985 
40G01419 Rev. C-l/85 
Printed in the U,S.A. 

.. 



TDC1034 

Functional Block Diagram 

CONTROL ..--..... r:=:=-,.---+.... OUT + 

Pin Assignments 

. BlANK. 
BRT. 
SYNC 

CONY. CONY 

LOGIC 

D3 1 
(LSB) D4 2 

VEED 3 
CONY 4 
CONV 5 

VCCD 6 
BLANK 7 

BRT 8 
SYNC 9 

L...:.::':;=,J--1-I~ OUT-

REF+ REF- COMP 

18 D2 
17 D1 (MSB) 
16 VEEA 
15 OUT+ 
14 OUT-
13 VeCA 
12 COMP 
11 REF+ 
10 REF-

18 lead DIP - J8 Package 
18 lead CERDIP - B8 Package 

Functional Description 

General Information 

The TOC1034 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. Each rising edge of the 
CONVert clock ICONV) latches data and control values into an 
internal D -type register. The registered values are then 
converted into an analog output by switched current sinks. 

F 32 

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 IBRT), drive 
appropriately weighted current sinks which add to the output 
current to produce specific output levels especially useful in 
video applications. 

LSI Products Division 
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Power 

To provide highest noise immunity, the TOC1034 operates from 
separate analog and digital power supplies, VEEA and VEEO, 
respectively. Since the required voltage for both VEEA and 
VEEO 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 

Name Function 

VEEA Analog Supply Voltage 

VEED Digital Supply Voltage 

VCCA Analog Supply Voltage 

VCCD Digital Supply Voltage 

Reference 

The TOC1034 has two reference inputs: REF+ and REF-, 
which are noninverting and inverting inputs to 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 41. 

The analog output currents are proportional to the digital data 
and reference current, IREF. 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. 

Name Function 

REF- Reference Current - Input 

REF+ Reference Current + Input 

COMP COMPensation Input 

LSI Products Division 
TRW Electronic Components Group 

VEED supply, is VCCO. The return for IEEA is VCCA. All VEE 
and VCC pins MUST be connected. 

Although the TOC1034 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 correctly maintained. 

Value JB, BB Package 

-5.2V Pin 16 

-5.2V Pin 3 

O.OV Pin 13 

O.OV Pin 6 

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 COMPensation input (COMP), is provided for external 
compensation of the TOC1034's reference amplifier. A capacitor 
(CC) should be connected between COMP and the VEEA supply, 
keeping lead lengths as short as possible. The value of the 
compensation capacitor determines 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 when dynamic modulation of the 
reference is required. 

Value JB, BB Package 

Op - Amp Virtual Ground Pin 10 

Op-Amp Virtual Ground Pin 11 

Cc Pin 12 

F 33 
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Controls 

The TDC1034 has three special video control inputs: SYNC, 
BLANK and BRighT IBRT!. All controls are standard ECl level 
compatible, and include internal pulldown resistors to force 
unused controls to a logic lOW !inactivel state. 

The video control inputs are registered by the rising edge of 
the CONY clock in a manner similar to the data inputs. 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 CONY in order 
to be registered. 

Name Function 

BLANK Video BLANK Input 

BRT Video BRighT Input 

SYNC Video SYNC Input 

Data Inputs 

Data inputs to the TDC1D34 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 Iskewl, which minimizes glitching. 

Name Function 

D1 Data Bit 1 (MSB) 

D2 

D3 

D4 Data Bit 4 (LSB) 

Convert 

CONVert ICONVI 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 CONY is determined by CONY. CONY 
may be driven single -ended by connecting CONY to a suitable 

Name Function 

CONV CONVert Clock Input 

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. 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 the full-scale value to the present output level, and is 
especially useful in graphics display for highlighting cursors, 
warning messages, or menus. For non -video applications, 
these controls may be left unconnected. 

Value J8, B8 Package 

ECL Pin 7 

ECL Pin 8 

ECL Pin 9 

Valid data must be present at the input a setup time ts 
before, and a hold time tH after the rising edge of CONY. 

Value J8, B8 Package 

ECL Pin 17 

ECL Pin 18 
ECL Pin 1 

ECL Pin 2 

bias voltage IVBB!. The bias voltage chosen will determine the 
switching threshold of CONY. 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. 

Value J8, 88 Package 

ECL Pin 4 

CONV CONVert Clock Input, Complement ECL Pin 5 

LSI Products Division 
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Analog Outputs 

The 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 is the product of the output 

Name Function 

OUT- Output Current -

OUT+ Output Current + 

Figure 1. Timing Diagram 

OV 

-1.3V 

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 shihed video output 
with "sync down." The corresponding output from OUT + is 
also DC shifted and inverted, or "sync up." 

Value J8. B8 Package 

See Text Pin 14 

See Text Pin 15 

CONY 

-1.:: __ ~ DATA, CONTROL ~ 
~INPUTS ~ 

Figure 2. CONY, CONY Switching Levels 

rtD~~~~_¥ DUT-__ 

,- -- -- -- -- -- -- -- ---, 
'\. 

" , , 
" '\. " " -------,-,--------

" '\. " '\. 

VICM MAX - - - - - ~",-----x'-___ _ 
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Figure 3. Equivalent Input Circuits 
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Figure 4. Equivalent Output Circuit 
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Figure 5. Standard Load Configuration 
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Absolute maximum ratings Ibeyond which the device will be damagedj1 

Supply Vohages 

VEEO (measured to VCCO) ............................................................................................................................................................................................... ·7.0 to 0.5V 

VEEA (measured to VCCA) ............................................................................................................................................................................................. -7.0 to 0.5V 

VEEA (measured to VEEO) ............................................................................................................................................................................................. -0.5 to 0.5V 

VCCA (measured to VCCO) ............................................................................................................................................................................................ -0.5 to 0.5V 

Input Voltages 

CONV, Oata, and Controls (measured to Vccol ....................................................................................................................................................... VEEO to 0.5V 

Reference inpu~ applied voltage (measured to VCCA)2 

REF+ .......................................................................................................................................................................................................................... VEEA to 0.5V 

REF- .......................................................................................................................................................................................................................... VEEA to 0.5V 

Reference inp~ applied curren~ externally forced3,4 

REF+ ....................................................................................................................................................................................................................................... 6.0mA 

REF- ....................................................................................................................................................................................................................................... O.5mA 

Output 

Analog outp~ applied voltage (measured to VCCA) 

OUT + ...................................................................................................................................................................................................................... -2.0 to +2.0V 

OUT - ...................................................................................................................................................................................................................... -2.0 to +2.0V 

Analog outp~ applied curren~ externally forced3,4 

OUT+ ....................................................................................................................................................................................................................................... 50mA 

OUT- ....................................................................................................................................................................................................................................... 50mA 

Short circuit duration ..................................................................................................................................................................................................... Unlimited sec 

Temperatll'a 

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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Operating conditions 

Temperature Range 

Standard 
Parameter Min Nom Max 

VEED Digital Supply Voltage (measured to VCCD) -4.75 -5.2 -5.5 

VEEA Analog Supply Voltage (measured to VCCA) -4.75 -5.2 -5.5 

VCCA-VCCD Supply Voltage Differential -0.1 0.0 +0.1 

VEEA-VEED Supply Voltage Differential -0.1 0.0 +0.1 

VICM CDNV Input Voltage, Common Mode Range (Figure 2) -0.5 -2.5 

VIDF CDNV Input Voltage, Differential (Figure 2) 0.3 1.2 

tPWL CONY Pulse Width, LOW 4 

tPWH CONY Pulse Width, HIGH 4 

ts Setup Time, Data and Controls 5 

tH Hold Time, Data and Controls 0 

VIL Input Voltage, Logic LOW -1.49 

VIH Input Voltage, Logic HIGH -1.045 

IREF Reference Current 
Video standard output levels 1 1.10 1.17 1.24 

6-bit linearity 1.0 1.3 

Cc Compensation Capacitor 1000 2700 

TA Ambient Temperature, Still Air 0 70 

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 

Parameter 

IEEA+IEED Supply Current 

CREF Equivalent Input Capacitance, REF+, REF-

CI Input Capacitance, Data and Controls 

VOCP Compliance Voltage, + Output2 

VOCN Compliance Voltage, - Output2 

RO Equivalent Output Resistance 

Co Equivalent Output Capacitance 

lOp Max Current, + Output 

ION Max Current, - Output 

IlL Input Current, Logic LOW, Data and Controls 

IIH Input Current, Logic HIGH, Data and Controls 

IIC Input Current, Convert 

Notes: 1. Worst case over all data and control states. 

2. EG ::5 6% of gray scale. 

Temperature Range 

Standard 
Test Conditions Min Max 

VEEA - VEED MAX, static1 

TA - ODC to 70DC -145 

TA - 70°C -130 

5 

5 

Measured with respect to VCCA -1.2 +1.5 

-1.2 +1.5 

50 

20 

VEEA - NOM, SYNC - BLANK -0, BRT - 1 30 

VEEA - NOM, SYNC - 1 30 

VEED - MAX, VI - -1.40V 200 

VEED - MAX, VI - -1.DOV 200 

VEED - MAX, -2.5 < VI < -0.5 50 

LSI Products Division 
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Units 

V 

V 

V 

V 

V 

V 

ns 

ns 

ns 

ns 

V 

V 

mA 

mA 

pF 

DC 

. 

Units 

mA 

mA 

pF 

pF 

V 

V 

K 

pF 

mA 

mA 

J.lA 

J.lA 

J.lA 
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Switching characteristics within specified operating conditions 

Temperat\l'a Ranga 
Standard 

Parameter Test Conditions Min Max Units 

FS Maximum Conversion Rate VEEfI. VEEO • MIN 125 MSPS 

tosc Clock to Output Delay VEE'" VEEO • MIN 8 ns 

tSI Current Settling Time, Clocked Mode VEEfI. VEEO • MIN, 3.2% 5 ns 

tRI 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 

ELI Unearity Error Integral, Terminal Based VEEfI. VEE!), IREF • NOM O.B % of Gray Scale 

ELO Unearity Error Differential VEE'" VEE!). IREF • NOM O.B % of Gray Scale 

10F Output Offset Current VEE'" VEED - MAX. SYNC • BLANK - 0, BRT - 1 10 /JA 

EG Absolute Gain Error VEEA, VEED - MIN 6 % of Gray Scale 

TCG Gain Error Tempco IREF - NOM 0.01 % of Gray Scale/oC 

BWR Reference Bandwidth, -3dB Cc - MIN, flVREF - lmV p-p 1 MHz 

PSRR Power Supply Rejection Ratio VEE'" VEEI} IREF - NOM' 45 dB 

VEEA' VEE!). IREF • NOM2 45 dB 

PSS Power Supply Sensitivity VEEA' VEE!} IREF • NOM 120 /JAIV 

GC Peak Glitch Charge3.4 BOO fCoulomb 

GI Peak Glitch Current 1.2 mA 

GE Peak Glitch "Energy" (Areal4 30 pV-Sec 

FTC Feedthrough Clock5 Data • Constant BW • 250MHz -36 dB 
.. 

BW· 50MHz -50 dB 

FTD Feedthrough Data5 CONY • Constant BW • 250MHz -42 dB 
• 50MHz -50 dB 

Notes: 1. 20KHz, 0.75V p-p ripple superimposed on VEEA, VEEO; dB relative to full gray scale. 
2. 60KHz, 0.75V p-p ripple superimposed on VEEA, VEEO; dB relative to full gray scale. 

3. f Coulombs - microamps x nanoseconds. 
4. 37.50 load. Because glitches tend to be symmetric, average glitch energy approaches zero. 

5. dB relative to full gray scale. 

LSI Products Division 
TRW Electronic Components Group F 39 



TDC1034 

Table 1 Video Control Truth Table 

Sync Blank Bright Data Input Out- (mA)l Out- (Vl2 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 
~~ 
110 ~=~ .. ------- -- -------- - -- - --
100 -73 -r-----------

11 "DRAY LEVELS" 

7.& -728 
1 ___ .!!.~ ,!!!.".!!..~, __ 

BLANK o -781 

-40 -1071 - - - - - - - - - - - - - - - _\_""';';';;';;"'_..L-

Note: 1. Output voltage is measurad with standard load connected between Out - and VCCA' 

Figure 7. Typical Interface Circuit 
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Sync Level 
Blank Level 

Normal Low Level 

Normal High Level 

Enhanced Low Level 

Enhanced High Level 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1034J8C STD-T A - ODC to 70DC Commercial 18 Lead DIP 1034J8C 

TDC1034J8G STD-T A - ODC to 70DC Commercial With Burn-In 18 Lead DIP 1034J8G 

TDC1034B8C STD-T A - ODC to 70DC Commercial 18 Lead CERDIP 1034B8C 

TDC1034B8G STD-T A - ODC to 70DC Commercial With Burn-In 18 Lead CEROIP 1034B8G 

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. 

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

LSI Products Division 
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Multipliers 

LSI Products Division 

Digital signal processing (DSP) relies 
heavily on multiplication. TRW LSI 
offers a family of parallel multipliers in 
a variety of word sizes (8, 12, 16 bits) 
and speeds (40ns to 145ns multiply 
times). Parallel multipliers accept two 
n-bit input operands and output the 
2n-bit product. Independently clocked 
registers are provided for the inputs 
and outputs. Three-state outputs are 
provided to ease interfacing. All TRW 
multipliers are TTL compatible. 

Multipliers have three functional 
sections: an input section, the 
asynchronous multipler array, and the 
output section. The input section has 
two n-bit registers, comprised of 
positive-edge-triggered D-type 
flip-flops. Except as noted, the 
operands may be either two's 
complement or unsigned magnitude 
numbers. 

The asynchronous multiplier array 
generates the n partial products. The 
properly weighted partial products are 
summed by an asynchronous group of 
adders. The product is rounded and the 
format is adjusted as appropriate, 
before entering the product register. 

The output section includes the product 
registers and the three-state output 

Power 

ports. The Most Significant Product 
(MSP) and the Least Significant 
Product (LSP) each have their own 
individually clocked n-bit register. The 
MSP and LSP have separate three-state 
output ports. 

"H" Series Bipolar Multipliers 
The MPY008H/MPY08HU (8-bit), 
MPY012H (12-bit), and MPY016H 
(16-bit) devices are fabricated using a 
two-micron triple-diffused bipolar 
technology. 

"H" Series CMOS Multipliers 
The TMC216H (16-bit) is a TRW 
CMOS multiplier which is pin and 
function compatible with the bipolar 
MPYOI6H. It operates at the same 
speed with about one-fifth the power 
dissipation. 

"K" Series Bipolar Multipliers 
The MPY112K (12-bit) and MPY016K 
(16-bit) devices have been developed 
for high-speed applications using 
TRW's OMICRON-BrM one-micron 
triple-diffused bipolar technology. The 
MPY112K has been optimized for 
minimum package size and operation at 
video processing speeds (20MHz). The 
MPY016K is a faster yet pin­
compatible version of the MPYO 16H. 

Multiplication Dissipation 2 

Product Size Time 1 (ns) (Watts) Package Notes 

MPYOOBH 8x8 90 2.0 J5, C2 Two's complement 
MPYOOBH·l 8x8 65 2.0 J5, C2 Two's complement 

MPYOBHU 8x8 90 2.0 J5 Unsigned magnitude 
MPYOBHU·l 8x8 65 2.0 J5 Unsigned magnitude 

MPY012H 12x12 115 3.7 J1, C1, L1, F1 

MPYl12K 12x12 50 2.4 J4 16·Bit product 

MPY016H 16x16 145 4.6 J1, C1, L1, F1 

MPY016K 16x16 45 4.6 J1, C1, L1 
MPY016K·l 16x16 40 4.6 J1, C1, L1 

TMC216H 16x16 145 .37 J3, C1, L1 CMOS 

Notes: 
1. Guaranteed, Worst Case, T A = DoC to 70°C. 

2. Bipolar: Worst Case T A = DoC 10 70°C. 
CMOS: All inputs toggling at MAX clock rale, unloaded. T A = DoC to 70°C. 

TRW Electronic Components Group 03 
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Multiplier 
8 X 8 Bit, 65ns 

The MPYOOBH is a high -speed B x B bit parallel multiplier 
which operates at a 65 nanosecond cycle time. The 
multiplicand and the multiplier are both two's complement 
numbers, yielding a full- precision 16 - bit two's complement 
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 
MPYOOBH is built with TRW's 2-micron bipolar process. 

Features 

• 65ns Multiply Time: MPYOOBH-1 
• 90ns Multiply Time: MPYOOBH 
• B x B Bit Parallel Multiplication With 16-Bit Product Output 
• Three-State Outputs 

Functional Block Diagram 

elK x >-....... --_ ...... 

RND >---+--~ 

elK Y >-...... ---...., 

Ry 
(S) 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Fully TIL Compatible 
• Two's Complement Multiplication 
• Proven High - Reliability Radiation Hard Bipolar Process 
• Single +5V Power Supply 
• Available In 40 Lead Ceramic DIP Or 44 Contact Chip Carrier 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 
• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

TRIM 

elK P TRll 

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

MSPOUT 

(PSGN' P1-7) 

lSPOUT 

(PSGN' PS-14) 

©TRW Inc. 1985 
40G01335 Rev. B -3/85 
Printed in the U.S.A. 



MPYOOBH 

Functional Block Diagram 

elK x >-....... ----' 

RND >--+--.... 

elK y >--+------. 

Ry 
101 

Pin Assignments 

P5 1 40 P4 
P6 2 39 P3 
'7 3 38 P2 

ClK P 4 37 Pl 
TRIM 5 36 PSGN (MSP) 
TRll 6 35 VSGN 

(lSP) PSGN 7 34 Vl 
P8 8 33 V2 
P9 9 32 GND 

P10 10 31 V3 
Pll 11 30 VCC 
P12 12 29 V4 
P13 13 28 V5 
P14 14 27 V6 
X7 15 26 V7 
X6 16 25 RND 
X5 17 24 elK v 
X4 18 23 elK x 
X3 19 22 XSGN 
X2 20 21 Xl 

40 Lead DIP - J5 Package 

G6 

NC 40 
(MSP) PSGN 41 

Pl 42 
P2 43 
PJ 44 
P4 1 
P5 2 
P6 3 
P7 4 

elK P 5 
NC 6 

TRIM 

elK P TRll 

~~ ~cf'~$!::t::!~::qi I= .... ~ a. a.1:'-a. a. 

~ 

~ 

44 Contact Chip Carrier - C2 Package 

lSI Products Division 
TRW Electronic Components Group 

MSPOUT 

IPSGN' Pl-7) 

lSPOUT 

IPSGN' PO-14) 

28 NC 
27 ClK V 
26 ClK X 
25 XSGN 
24 Xl 
23 X2 
22 X3 
21 ~ 
20 X5 
19 X6 
18 X7 
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Functional Description 

General Information 

The MPY008H has 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 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 

Power 

The MPYOOBH operates from a single +5 Volt supply. All 
power and ground lines must be connected. 

Name Function 

VCC Positive Supply Voltage 

GND Ground 

Data Inputs 

The MPY008H has two 8-bit two's complement data inputs, 
labeled X and Y. The Most Significant Bits (MSBsl, denoted 
XSGN and YSGN, carry the sign information for the two's 
complement notation. The remaining bits are denoted Xl 

Name Function 

XSGN X Data Sign Bit (MSBI 

Xl 

X2 

X3 

X4 

Xs 

X6 

X7 X Data lSB 

YSGN Y Data Sign Bit (MSBI 

Yl 

Y2 

Y3 

Y4 

YS 

YB 

Y7 Y Data (lSBI 

lSI Products Division 
TRW Electronic Components Group 

multiplier array is a network of AND gates and adders, 
designed to handle two's complement numbers only. The 
output registers hold the product as two B - bit words, the 
Most Significant Product (MSPI and the Least Significant 
Product (LSPI. Three-state output drivers allow the MPYOOBH 
to be used on a bus, or allow the least and most significant 
outputs to be multiplexed over the same B - bit output lines. 

Value J5 Package C2 Package 

+5.0V Pin 30 Pin 34 

O.OV Pin 32 Pin 36 

through X7 and Yl through Y7 (with X7 and Y7 the Least 
Significant Bits!. The input and output formats for fractional 
two's complement notation and integer two's complement 
notation are shown in Figures 1 and 2, respectively. 

Value J5 Package C2 Package 

TIl Pin 22 Pin 25 

TIl Pin 21 Pin 24 

TIl Pin 20 Pin 23 

TIl Pin 19 Pin 22 

TIL Pin 18 Pin 21 

TIL Pin 17 Pin 20 

TIl Pin 16 Pin 19 

TIL Pin 15 Pin 18 

TIl Pin 35 Pin 39 

TIl Pin 34 Pin 38 

TIl Pin 33 Pin 37 

TIL Pin 31 Pin 3S 

TIL Pin 29 Pin 33 

TIL Pin 28 Pin 32 

TIL Pin 27 Pin 31 

TIL Pin 26 Pin 30 

G7 

UI 
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Data Outputs 

The MPY008H has a 16-bit two's complement output which is 
the product of the two input data values. This output is 
divided into two 8-bit output words, the Most Significant 
Product (MSP) and least Significant Product (lSPI. The Most 
Significant Bit (MSB) of both the MSP and the lSP is always 
the sign bit, PSGN. The input and output formats for fractional 
two's complement notation and integer two's complement 

Name Function 

PSGN Product Sign Bit (MSPI 

P1 
P2 

P3 
P4 
P5 
P6 
P7 

PSGN Product Sign Bit (lSPI 

P8 
Pg 

P10 
P11 

P12 

P13 
P14 Product lSB 

Clocks 

The MPY008H 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 RND input is 
registered, and clocked in at the rising edge of the logical OR 

Name Function 

ClK X Clock Input Data X 

ClK Y Clock Input Data Y 

ClK P Clock Product Register 

No Connects 

The contact chip carrier version of the MPYOOBH has four pins 
which are not connected internally. These should be left 
unconnected. 

Name Function 

NC No Connection 

G8 

notation are shown in Figures 1 and 2, respectively. Note that 
since + 1 cannot be denoted in fractional two's complement 
notation while -1 can be, some provision for handling the 
case (-1) x (-1) must be made. The M PY008H provides a -1 
output in this case. As a result, external error handling 
provisions may be required. 

Value J5 Package C2 Package 

TIL Pin 36 Pin 41 
TIL Pin 37 Pin 42 
TIL Pin 38 Pin 43 
TIL Pin 39 Pin 44 
TIL Pin 40 Pin 1 
TIL Pin 1 Pin 2 
TIL Pin 2 Pin 3 
TIL Pin 3 Pin 4 

TIL Pin 7 Pin 9 
TIL Pin 8 Pin 10 
TIL Pin 9 Pin 11 
TIL Pin 10 Pin 12 
TIL Pin 11 Pin 13 
TIL Pin 12 Pin 14 
TIL Pin 13 Pin 15 
TIL Pin 14 Pin 16 

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 J5 Package C2 Package 

TIL Pin 23 Pin 26 

TIL Pin 24 Pin 27 
TIL Pin 4 Pin 5 

Value J5 Package C2 Package 

Open None Pins 6, 17, 28, 40 

LSI Products Division 
TRW Electronic Components Group 
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Control 

The MPYOOBH has three control lines: 

TRIM,TRll Three-state enable lines for the MSP and the RND 
lSP. The output driver is in the high - impedance 
state when TRIM or TRll is HIGH, and enabled 
when the appropriate control is lOW. 

Name Function 

RND Round Control Bit 

TRIM MSP Three-State Control 

TRIL LSP Three - State Control 

Figure 1. Fractional Two's Complement Notation 

BINARY POINT 

Figure 2. Integer Two's Complement Notation 

MSP 

LSI Products Division 
TRW Electronic Components Group 

Value 

TIl 

TIl 

TIl 

SIGNAL 

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 these control signals can be 
avoided by the use of normally lOW clocks. 

J5 Package C2 Package 

Pin 25 Pin 29 

Pin 5 Pin 7 

Pin 6 Pin B 

OIGIT VALUE 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

LSP 

BINARY POINT 

X7 SIGNAL 

2° DIGIT VALUE 

Y7 SIGNAL 

2° OIGIT VALUE 

P14 SIGNAL 

2° DIGIT VALUE 

LSP 

09 

I .. 
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Figure 3. Timing Diagram 
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Figure 4. Equivalent Input Circuit 
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Figure 6. Test Load 
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Figure 5. Equivalent Output Circuit 
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Figure 7. Transition Levels For Three-State Measurements 
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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 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 MPY008H does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

16/8) 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 
implications for hardware design. 

lSI Products Division 
TRW Electronic Components Group 

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 
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 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 and 2. 
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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 +5.5V2 

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 Isingle output in high state to groundl ......................................................................................................................................... 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 positive when flowing into the device. 

Operating conditions . 
Temperature Range 

Standard Extended 
Parameter Min Nom Max Min Nom Max Units 

VCC 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 Hold Time 0 3 ns 

Vll Input Voltage, logic lOW 0.8 0.8 V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 J.l.A 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 + 125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current Vcc - MAX, Static 1 375 450 

III Input Current, logic lOW VCC - MAX, VI - 0.4V 
XIN, YIN, RND -0.4 -0.4 
ClK X, ClK Y, TRIM, TRll -1.0 -1.0 
ClK P -2.0 -2.0 

IIH Input Current, logic HIGH VCC - MAX, VI - 2.4V 
XIN' YIN, RND 75 100 
ClK X, ClK Y, TRIM, TRll 75 100 
ClK P 150 200 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 

VOL Output Voltage, logic lOW VCC - MIN, IDl - MAX 0.5 0.5 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 

10Zl Hi-Z Output leakage Current, Output lOW VCC - MAX, VI - 0.4V -40 -40 

IOZH Hi-Z Output leakage Current, Output HIGH VCC - MAX, VI - 2.4V 40 40 

lOS Short - Circuit Output Current VCC - MAX, one pin to ground, one -50 -50 
second duration max, output HIGH 

CI Input Capacitance TA - 25°C, F - lMHz 15 15 

Co Output Capacitance TA - 25°C, F - lMHz 15 15 

Note: 
1. All inputs and outputs LOW. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

tMPY Multiply Time Vec - MIN MPYOOBH-l 65 

VCC - MIN MPYOOBH 90 115 

to Output Delay VCC - MIN, Test load: VLOAO - 2.2V 40 45 

tENA Three-State Output Enable Delay VCC - MIN, Test load: VLOAO - I.BV 40 45 

tOlS Three- State Output Disable Delay VCC - MIN, Test load: VlOAD - 2.6V 40 45 

for tOlSO' O.OV for tDIS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tolS and tENA' which are shown in figure 7. 

2. tolSl denotes the transition from logical 1 to three-state. 
tDISO denotes the transition from logical a to three - state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

mA 

mA 
mA 
mA 

fJA 
fJA 
fJA 
mA 

V 
V 

fJA 
fJA 
mA 

pF 

pF 

Units 

ns 
ns 
ns .. 
ns I 

ns 

G 13 



MPYOOBH 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

MPYDDBHJ5C 810-T A • DOC to 7DoC Commercial 40 Lead DIP DDBHJ5C 
MPYDDBHJ5G 81O-TA· DOC to 7DoC Commercial With Burn-In 40 Lead DIP DDBHJ5G 
MPYDDBHJ5F EXT - TC • -55°C to 125°C Commercial 40 Lead DIP DDBHJ5F 
MPYDDBHJ5A EXT - TC • -55°C to 125°C High Reliability 2 40 Lead DIP DDBHJ5A 

MPYDDBHJ5Cl 81O-TA· DOC to 7DoC Commercial 40 Lead DIP DDBHJ5Cl 
MPYDDBHJ5Gl 810-TA • DOC to 7DoC Commercial With Burn-In 40 Lead DIP DDBHJ5Gl 

MPYDDBHC2C 81O-TA· DOC to 7DoC Commercial 44 Contact Chip Carrier DDBHC2C 
MPYDDBHC2G 1 810-TA • DOC to 7DoC Commercial With Burn-In 44 Contact Chip Carrier DDBHC2G 
MPYDDBHC2F EXT-TC· -55°C to 125°C Commercial 44 Contact Chip Carrier DDBHC2F 
MPYDDBHC2A EXT-TC· -55°C to 125°C High Reliability 2 44 Contact Chip Carrier DDBHC2A 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

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. 

LSI Products Division 
G 14 TRW Electronic Components Group 



MPYOBHU 

High - Speed Parallel Multiplier 
8 bit, 65ns 

The TRW MPYOaHU is a high-speed a-bit parallel multiplier 
which operates at a 65 nanosecond cycle time 115MHz 
multiplication ratel. The multiplicand and the multiplier are both 
unsigned magnitude numbers, 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 positive - edge -triggered D -type flip -flops. 
Three -state outputs with separate output enable lines for the 
MSP and the LSP are employed. 

The MPYOBHU is built with TRW's radiation hard 2-micron 
process, and is the unsigned magnitude version of the industry 
standard MPYOOaH. 

Features 

• 65ns Multiply Time: MPYOaHU-l 
• BOns Multiply Time: MPYOBHU 

Functional Block Diagram 

RX 
(SI 

elK x >------.. 

RND 

elK Y 

Ry 
(SI 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• a x a Bit Parallel Multiplication With 16-Bit Product Output 

o Independent Most Significant Product and Least Significant 
Product Outputs 

• Three - State Outputs 
• Fully TTL Compatible 
• Unsigned Magnitude Multiplication 
• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 
• Available In 40 Lead DIP 

Applications 

• Array Processors 
o Video Processors 

• Radar Signal Processors 
• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

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

elK P TRIL 

MSPOUT 
(P'5-S1 

lSPOUT 
(P7-01 

©TRW Inc. 1985 
40G00286 Rev. C-3/85 
Printed in the U.S.A. 



MPYOBHU 

Functional Block Diagram 

elK x >---------. 

RND >--------I~ 

elK Y 

Pin Assignments 

G 16 

elK P TRll 

P1D 1 [Q] '-.J 40 P11 
P9 2 39 P12 
~ 3 ~ ~3 

elK P 4 37 P14 
TRIM 5 36 P15 (MSB) 
TRll 6 35 Y7 (MSB) 

P7 7 34 Y6 

P6
8 D 33 Y5 P5 9 32 GND 

P4 10 31 Y4 
P3 11 30 Vee 
P2 12 29 Y3 
P1 13 28 Y2 

(lSB) Po 14 27 Y 1 
(lSB) Xo 15 26 Yo (lSB) 

X1 16 25 RND 
X2 17 24 elK Y 
X3 18 23 elK x 
X4 19 22 X7 (MSB) 
X5 20 '----___ --' 21 X6 

40 Lead DIP - J5 Package 

lSI Products Division 

MSPOUT 

1P15-S) 

TRW Electronic Components Group 



MPYOBHU 

Functional Description 

General Information 

The MPY08HU has 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 the output 
rounding. This rounding control is used when a single -word 
output is desired. Each number is stored independently, 
simplifying multiplication by a constant. The asynchronous 

Power 

The MPYOBHU operates from a single +5 Volt supply. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

Data Inputs 

The MPYOBHU has two data B-bit unsigned magnitude data 
inputs, labeled X and Y. The Most Significant Bits IMSBsl are 
denoted X7 and Y7; the remaining bits are denoted Xo through 
XB and YO through YB (with Xo and YO the Least Significant 

Name Function 

X7 X Data MSB 

Xs 

X5 

X4 

X3 

X2 

Xl 

Xo X Data lSB 

Y7 Y Data MSB 

Y6 

Y5 

Y4 

Y3 

Y2 

Yl 

YO Y Data lSB 

LSI Products Division 
TRW Electronic Components Group 

multiplier array is a network of AND gates and adders, 
designed to handle unsigned magnitude numbers. The output 
registers hold the product as two B-bit words, the Most 
Significant Product (MSPI and the Least Significant Product 
(LSPl. Three-state output drivers allow the MPYOBHU to be 
used on a bus, or allow the outputs to be multiplexed over 
the same 8-bit output lines. 

Value J5 Package 

+5.0V Pin 3D 

O.OV Pin 32 

Bitsl. The input and output formats for fractional unsigned 
magnitude notation and integer unsigned magnitude notation 
are shown in Figures 1 and 2, respectively. 

Value J5 Package 

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 35 

TTL Pin 34 

TTL Pin 33 

TTL Pin 31 

TTl Pin 29 

TTL Pin 28 

TTl Pin 27 

TTl Pin 26 

G 17 



MPYOBHU 

Data Outputs 

The MPY08HU has a 16-bit unsigned magnitude output which 
is the product of the two input data values. This output is 
divided into two 8 - bit output words, the Most Significant 
Product IMSPI and least Significant Product IlSPI. The Most 
Significant Bit IMSBI of the MSP is Product bit P15. Product 

Name Function 

P15 Product MSB 

P14 
P13 
P12 
Pll 

Pl0 
Pg 

P8 

P7 
P6 
P5 
P4 
P3 
P2 
PI 

Po Product LSB 

Clocks 

The MPY08HU has three clock lines, one for each of the input 
registers and one for the product register. Data present at the 

Name Function 

CLK X Clock Input Data X 

CLK Y Clock Input Data Y 
CLK P Clock Product Register 

Controls 

The M PY08HU has three control lines: 

bit Po is the least Significant Bit IlSBI. The input and output 
formats for fractional unsigned magnitude notation and integer 
unsigned magnitude notation are shown in Figures 1 and 2, 
respectively. 

Value J5 Package 

TIl Pin 36 
TIL Pin 37 

TIL Pin 38 

TIL Pin 39 

TIL Pin 40 

TIl Pin 1 

TIl Pin 2 
TIl Pin 3 

TIL Pin 7 
TIL Pin 8 
TIL Pin 9 
TIL Pin 10 
TIL Pin 11 
TIL Pin 12 
TIL Pin 13 
TIL Pin 14 

inputs of these registers are loaded into the registers at the 
rising edge of the appropriate clock. 

Value J5 Package 

TIl Pin 23 
TIl Pin 24 
TIl Pin 4 

TRIM, TRll Three-state enable lines for the MSP and the RND 
lSP. The output driver is in the high - impedance 

The RND input is registered, and clocked in at 
the rising edge of elK X. A one is added to 
the MSB of the lSP when RND is HIGH. The 
RND control is used when a rounded 8-bit 
product is desired. 

state when TRIM or TRll is HIGH, and enabled 
when the appropriate control is lOW. 

Name Function Value J5 Package 

RND Round Control Bit TIl Pin 25 
TRIM MSP Three-State Control TIl Pin 5 
TRIL LSP Three-State Control TIl Pin 6 

LSI Products Division 
G 18 TRW Electronic Components Group 



MPYOBHU 

Figure 1. Fractional Unsigned Magnitude Notation 

BINARY POINT 

X7 SIGNAL 
~+-~-r~~--~+-~ 

2"1 DIGIT VALUE 

Figure 2. Integer Unsigned Magnitude Notation 

Figure 3. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

MSP 

X 

SIGNAL 

DIGIT VALUE 

SIGNAL 

DIGIT VALUE 

LSP 

BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE 

LSP 

~-----IMPY------I-l toJ OUTPUT 

THREE-STATE 
CONTROL 

OUTPUT 

FIDIS 'b:t:::IEN:::-:A::::::::=;~=== 
~------------------------~ HIGH IMPEDANCE 

LSI Products Division 
TRW Electronic Components Group 
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MPYOBHU 

Figure 4. Equivalent Input Circuit 

VCC--+--.... -

INPUT 

ClK X. Y. P 
R1 = 25K 
R2 = 10K 

Figure 6. Test Load 

TO soon 
OUTPUT PIN~ VLOAD 

140PF 

GND 

G 20 

1.'1 •• • 

Figure 5. Equivalent Output Circuit 

---+-----0 VCC 

__ -00 OUTPUT 

Figure 7. Transition Levels For Three-State Measurements 

TRIM. TRll 

THREE-STATE 
OUTPUTS 

tDiS 0.5V 

HIGH IMPEDANCE 

0.5V 

LSI Products Division 
TRW Electronic Components Group 



MPYOBHU 

Absolute maximum ratings Ibeyond which the device will be damaged) 1 

Supply Voltaga """, ................................................................................................................................................................................................................................. -0.5 to + 7.0V 

Input 

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

Forced current ......................................................................................................................................................................................... ,................. - B.O to + B.omA 

Output 

Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ..................................................................................................................................................................................................... -1.0 to +B.OmA3,4 

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

Tamperatura 

Operating, case .......................................................................................................................................................................................................... -55 to + 12Soe 

junction ....................................................................................................................................................................................................................... 17Soe 

lead, soldering (10 seconds) ..................................................................................................................................................................................................... 300°C 

Storage ........................................................................................................................................................................................................................ - 65 to + 1500 e 

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 positive when flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Vec SupplV Voltage 4.75 5.0 5.25 4.50 5.0 5.5 V 

tpw Clock Pulse Width 25 30 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 0 3 ns 

Vll Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -400 -400 J.l.A 

TA Ambient Temperature, Still Air 0 70 °C 

TC Case Temperature -55 + 125 °C 

LSI Products Division 
TRW Electronic Components Group G 21 



MPYOBHU 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current Vcc - MAX, Static 1 375 450 

III Inpur Current, logic lOW VCC - MAX, VI - 0.4V 

XIN' YIN, RNO -0.4 -0.4 
ClK X, ClK Y, TRIM, TRll -1.0 -1.0 
ClK P -2.0 -2.0 

IIH Input Current, logic HIGH VCC - MAX, VI - 2.4V 
ClK P 150 200 
(All others) 75 100 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 

VOL Output Voltage, logic LOW VCC - MIN, 10l - MAX 0.5 0.5 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 

10Zl Hi - Z Output Leakage Current, Output LOW VCC - MAX, VI - 0.4V -40 -40 

10ZH Hi-Z Output leakage Current, Output HIGH VCC - MAX, VI - 2.4V 40 40 

lOS Short- Circuit Output Current VCC • MAX, one pin to ground, one -50 -50 
second duration max, output HIGH 

CI Input Capacitance TA • 25°C, F • lMHz 10 10 

Co Output Capacitance TA • 25°C, F • lMHz 10 10 

Note: 
1. Static: All inputs and outputs lOW. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Stendard Extended 

Pllrameter Test Conditions Min Max Min Max 

tMPY Mukiply Time VCC • MIN MPVD8HU-l 65 
VCC • MIN MPVOBHU 90 115 

to Output Delay Vce • MIN, Test load: VLOAO • 2.2V 40 45 

tENA Three - State Output Enable Delay VCC • MIN, Test Load: VLOAO • 1.BV 40 45 

tOIS Three - State Output Disable Delay VCC • MIN, Test Loed: VLOAO • 2.6V 40 45 

for tOISIJr O.OV for tOlS1 2 

Notes: 
1. All trensitions are measured at a 1.5V level except for tOIS and tENA, which are shown in figure 7. 

G 22 

2. tOISl denotes the transition from logical 1 to three -state. 
tOISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

rnA 

rnA 
rnA 
rnA 

/1 A 

/1A 
rnA 

V 
V 

/1 A 

/1A 
rnA 

pF 
pF 

Units 

ns 
ns 
ns 
ns 

ns 



MPYOBHU 

Application Notes 

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, the MPY08HU does not differentiate between this 
operation: 

6 x 2 '" 12 
and this operation: 

16/81 x 12/81 .. 12/64. 

Ordering Information 

Product Temperature Range 
Number 

MPY08HUJ5C STD- TA - DOC to WC 
MPY08HUJ5Cl STD-T A - DoC to 70°C 

MPY08HUJ5G STD-T A - DoC to 70°C 
MPY08HUJ5Gl STD- T A - DoC to 70°C 

MPY08HUJ5F 1 EXT - T C - 55°C to 125°C 
MPY08HUJ5A 1 EXT - T C - 55°C to 125°C 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

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 productl. 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 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 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 and 2. 

Screening Package Package 
Marking 

Commercial 40 Lead DIP 08HUJ5C 
Commercial 40 Lead DIP 08HUJ5Cl 

Commercial With Burn-In 40 Lead DIP 08HUJ5G 
Commercial With Burn -In 40 Lead DIP 08HUJ5Gl 

Commercial 40 Lead DIP 08HUJ5F 
High Reliability 2 40 Lead DIP 08HUJ5A 

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. 

LSI Products Division 
TRW Electronic Components Group G 23 
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MPY012H 

Multiplier 
12 X 12 bit, 115ns 

The MPY012H is a high-speed 12 x 12 bit parallel multiplier 
which operates at a 115 nanosecond cycle time 18.7MHz 
multiplication ratel. The multiplicand and the multiplier 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 
M PY012H is built with TRW's 2 - micron bipolar process. 

Features 

• 115ns Multiply Time IWorst Casel 
• 12 x 12 Bit Parallel Multiplication With 24-Bit Product 

Output 

• Three - State Outputs 

Functional Block Diagram 

Tex >-------i~ 

elK x ~ ___ ----' 

RND 

elK Y >----------, 

YIN 

(Yl1-01 "--~-""""""I 

Tey >------1~ 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Fully TIL Compatible 
o Two's Complement, Unsigned Magnitude, And Mixed Mode 

Multiplication 
• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 
• Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier, 

68 Leaded Chip Carrier, Or 64 Leaded Flatpack 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

FORMAT 
ADJUST 

RS 

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

elK M 

FT elK l 

TRIM 

TRll 

MSPDUT 
(P 23-121 

lSPOUT 

(P11-01 

©TRW Inc. 1985 
40G01320 Rev. B-3/85 
Printed in the U.S.A. 



MPY012H 

Functional Block Digram 

TCX ~----I'" 

XIN 

(XU-D) 

ClKX~~---~ 

RND '>-~---I~ 

ClK Y '>-..-.----., 

YIN 

(Yl1-D' '---+---...1'1 

TCY )-----I~ 

Pin Assignments 

G 26 

X7 1 
X6 2 
X5 3 
X4 4 
X3 5 
X2 6 
X, 7 
Xo a 

(LSB) Po 9 
P, 10 
P2 11 
P3 12 
P4 13 
P5 14 
P6 15 
P7 16 
Po 17 
P9 10 

P'0 19 
P11 20 

TRIL 21 
TRIM 22 
GND 23 
GND 24 

FT25 
RS 26 

eLK L 27 
eLK M 20 

P'2 29 
P'3 30 
P'4 31 
P'5 32 

FORMAT 
ADJUST 

RS 

64 Xa 
63 X9 
62 X,0 
61 X" 
60 eLK X 
59 eLK Y 
50 RND 
57 Tex 
56 Yo 
55 y, 
54 Y2 
53 Y3 
52 Y4 
51 Y5 
50 Vee 
49 Vee 
48 Vee 
47 Y6 
46 Y7 
45 Yo 
44 Y9 
43 Y,0 
42 Y11 
41 Tey 

ClK M 

FT elK l 

40 P23 (MSB) 
39 P22 
38 P21 
37 P20 
36 P'9 
35 P,a 
34 P17 
33 P'6 

TRIM 

TRll 

64 Lead DIP - Jl Package 

lSI Products Division 
TRW Electronic Components Group 
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MPY012H 

Pin Assignments 

Pin Assignments 

(MSB) P23 61 
P22 62 
P21 63 
P20 64 
P19 65 
PIB 66 
P17 67 
P16 68 
P15 1 
P14 2 
P13 3 
P12 
NC 

ClK M 6 
ClK l 7 

RS B 
FT 9 

~~~~~~~~~~~N~~~~~ 

ii~~~~~~~~~~~~~~~ 
~~~~ 5 

~ 

43 TCX 
42 RND 
41 ClK Y 
4D ClK X 

39 XII 
38 Xl0 
37 X9 
36 XB 
35 X7 
34 X6 
33 X5 
32~ 
31 X3 
30 X2 
29 XI 
2B Xo 
27 NC 

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

>-x 

~~dd~~.:f~~>t.if~~~X~ 
~C;:~IIj!:s:::n;i!;~~~!:;l5!~:S;~ 

Yo 49 32 Po (lSB) 
Yl 50 31 PI 
~~ 30~ 
~~ 29~ 
~~ ~~ 
~~ 27~ 
~~ ~~ 
~~ ~~ 
~~ ~~ 
~~ n~ 
~ ~ 22 Pro 
YB 60 21 Pll 
Y9 61 20 TRll 

Yro 62 19 TRIM 
Yl1 63 lB GND 

TCY 64 1\~~~~~:lFn'f~::;;r;:~"Frill';:;;r;:;;rnl'117 GND 

-NM..,.""'''',.....CO=~=~!::! 

~~N2~~c::~~:!:~~:e 
!.I:I.I:I.I:I.I:I.I:I.I:I.I:I.I:I.I:I.I:I.I:I.~ 

~ y 

~ 

64 Leaded Flatpack - Fl Package 

LSI Products Division 
TRW Electronic Components Group G 27 



MPY012H 

Functional Description 

General Information 

The M PY012H 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. 

II~ •• • 

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 (MSPI and the least 
Significant Product (lSPI. Three-state output drivers allow the 
MPY012H to be used on a bus, or allow the least and most 
significant outputs to be multiplexed over the same 12 - bit 
output lines. 

Name Function Value Jl Package el, L1 Package Fl Package 

VCC Positive Supply Voltage +5.0V Pins 48, 49, 50 Pins 50, 51, 52 Pins 55, 56, 57 

GND Ground O.OV Pins 23, 24 Pins 10, 11 Pins 17, 18 

Control 

The M PY012H 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 

TRIM, TRll Three-state enable lines for the MSP and the 
lSP. The output driver is in the high - impedance 
state when TRIM or TRll is HIGH, and enabled 
when the appropriate control is lOW. 

RS 

RND 

G 28 

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 (PlOl. If RS is HIGH when RND is HIGH, a 
one will be added to the 2 - 11 bit (Plll. 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. 

the MPY012H to consider the appropriate input 
as a two's complement number, while a lOW 
forces the MPY012H to consider the appropriate 
input as a magnitude only number. 

FT, RS, TRIM and TRll 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. 

LSI Products Division 
TRW Electronic Components Group 



MPY012H 

Control (Cant.) 

Name Function 

RND Round Control Bit 

TCX X Input, Two's Complement 

TCY Y Input, Two's Complement 

FT Output Register Feedthrough 

RS Output Right Shift 

TRIM MSP Three-State Control 

TRll lSP Three-State Control 

Data Inputs 

The M PY012H has two 12 - bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits (MSBsl, denoted X 11 and Y", carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through X10 and YO through YlO (with Xo and YO 

Name Function Value 

Xll X Data MSB TIL 
XlO TIL 

X9 TIL 

X8 TIL 
X7 TIL 
X6 TIL 
X5 TIL 

X4 TIL 

X3 TIL 
X2 TIL 

Xl TIL 

Xo X Data lSB TIL 

Yll Y Data MSB TIL 
Yl0 TIL 

Y9 TIL 

V8 TIL 

Y7 TIL 
V6 TIL 
Y5 TIL 

Y4 TIL 

Y3 TIL 
Y2 TIL 

Yl TIL 

YO Y Data lSB TIL 

LSI Products Division 
TRW Electronic Components Group 

Value J1 Package C1, L1 Package F1 Package 

TIL Pin 58 Pin 42 Pin 47 

TIL Pin 57 Pin 43 Pin 48 
TIL Pin 41 Pin 59 Pin 64 

TIL Pin 25 Pin 9 Pin 16 
TIL Pin 26 Pin 8 Pin 15 

TIL Pin 22 Pin 12 Pin 19 
TIL Pin 21 Pin 13 Pin 20 

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. 

J1 Package C1, L1 Package F1 Package 

Pin 61 Pin 39 Pin 44 
Pin 62 Pin 38 Pin 43 
Pin 63 Pin 37 Pin 42 
Pin 64 Pin 36 Pin 41 
Pin 1 Pin 35 Pin 40 
Pin 2 Pin 34 Pin 39 
Pin 3 Pin 33 Pin 38 
Pin 4 Pin 32 Pin 37 

Pin 5 Pin 31 Pin 36 

Pin 6 Pin 30 Pin 35 
Pin 7 Pin 29 Pin 34 

Pin 8 Pin 28 Pin 33 

Pin 42 Pin 58 Pin 63 

Pin 43 Pin 57 Pin 62 

Pin 44 Pin 56 Pin 61 
Pin 45 Pin 55 Pin 60 

Pin 46 Pin 54 Pin 59 

Pin 47 Pin 53 Pin 58 

Pin 51 Pin 49 Pin 54 

Pin 52 Pin 4B Pin 53 

Pin 53 Pin 47 Pin 52 

Pin 54 Pin 46 Pin 51 

Pin 55 Pin 45 Pin 50 

Pin 56 Pin 44 Pin 49 
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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 
Pro~uct 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=l, RS=Dl. The input and output 
formats for fractional two's complement, fractional unsigned 

Name Function Value 

P23 Product MSB TTL 

P22 TTL 

P21 TIL 
P20 TIL 
P19 TTL 

P18 TTL 

P17 TTL 

P15 TIL 
P15 TIL 
P14 TTL 

P13 TTL 

P12 TTL 

P11 TIL 
P10 TIL 
P9 TIL 
P8 TIL 
P7 TIL 
P6 TTL 

P5 TTL 

P4 TTL 

P3 TIL 
P2 TIL 
P1 TIL 
Po Product lSB TTL 

G 30 

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 shihs the MSP down one bit. This 
is mandatory for unsigned magnitude, mixed mode, or integer 
two's complement operation. 

J1 Package C1, L 1 Package F1 Package 

Pin 40 Pin 61 Pin 1 
Pin 39 Pin 62 Pin 2 
Pin 38 Pin 63 Pin 3 
Pin 37 Pin 64 Pin 4 
Pin 36 Pin 65 Pin 5 
Pin 35 Pin 66 Pin 6 
Pin 34 Pin 67 Pin 7 
Pin 33 Pin 58 Pin 8 
Pin 32 Pin 1 Pin 9 
Pin 31 Pin 2 Pin 10 
Pin 30 Pin 3 Pin 11 
Pin 29 Pin 4 Pin 12 
Pin 20 Pin 15 Pin 21 
Pin 19 Pin 16 Pin 22 
Pin 18 Pin 17 Pin 23 
Pin 17 Pin 18 Pin 24 
Pin 16 Pin 19 Pin 25 
Pin 15 Pin 20 Pin 25 
Pin 14 Pin 21 Pin 27 
Pin 13 Pin 22 Pin 28 
Pin 12 Pin 23 Pin 29 
Pin 11 Pin 24 Pin 30 

Pin 10 Pin 25 Pin 31 
Pin 9 Pin 26 Pin 32 

LSI Products Division 
TRW Electronic Components Group 
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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 
ClK Y Clock Input Data Y 

ClK l Clock lSP Register 
ClK M Clock MSP Register 

No Connects 

The contact and leaded chip carrier versions of the MPY012H 
have four pins which are not connected internally. These 
should be left unconnected. 

Name Function 
NC No Connection 

LSI Products Division 
TRW Electronic Components Group 

Value 

TTl 
TTL 

TTL 

TTl 

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 this control 
signal can be avoided by the use of normally lOW clocks. 

Jl Package Cl, L1 Package Fl Package 
Pin 60 Pin 40 Pin 45 
Pin 59 Pin 41 Pin 46 

Pin 27 Pin 7 Pin 14 
Pin 28 Pin 6 Pin 13 

Jl Package Cl, L1 Package Fl Package 
None Pins 5, 14, 27, 60 None 
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Figure 1. Fractional Two's Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure J. Fractional Mixed Mode Notation 
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Figure 4. Integer Two's Complement Notation 
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Figure 5. Integer Unsigned Magnitude Notation 
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Figure 6. Integer Mixed Mode Notation 
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Figure 7. Timing Diagram 
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Figure 8. Timing Diagram, Unclocked Mode 
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Figure 10. Equivalent Output Circuit 
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Figure 11. Test Load 

TO 500n 

OUTPUT PIN~ VLOAO 

I
40PF 

GNO 

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 (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 unsigned magnitude data must be converted to 

Multiplication By A Constant 

Multiplication 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, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the MPY012H does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

(6/81 x (2/81 = 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. 

LSI Products Division 
TRW Electronic Components Group 

Figure 12. Three-State Delay Test Load 

TRIM. TRIL 

THREE-STATE 
OUTPUTS 

tOIS O.5V 

HIGH IMPEDANCE 

O.5V 

two's complement notation (which requires an additional bitl, or 
the multiplier must be capable of mixed mode operation. The 
M PY012H provides this capability by independently specifying 
the mode of the multiplicand (XI and the multiplier (YI 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 (and input and output signals often share the same 
line I, 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. 

G 35 
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Register Shift (RS) 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 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 li.e., shifted left one position I, 
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 will be damagedl 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 + 5.5V 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short - circuit duration (single output in high state to groundl .......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

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

Lead, soldering (10 secondsl ..................................................................................................................................................................................................... 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. 

lSI Products Division 
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Operating conditions 

Temperature Range 

Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC 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 Hold Time 0 3 ns 

VIL Input Voltage, Logic LOW O.B O.B 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 f.1A 

TA Ambient Temperature, Still Air 0 70 DC 

Tc Case Temperature -55 ' 125 DC 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

lee Supply Current Vec - MAX, Static 1 700 750 mA 

IlL Input Current, logic LOW VCC - MAX, VI - 0.4V 

XIN' YIN, RND, FT -0.4 -0.4 mA 

TCX, TCY, RS -O.B -O.B mA 

CLK L, M, X, and Y; TRIM, TRIL -1.0 -1.0 mA 

IIH Input Current, logic HIGH VCC - MAX, VI - 2.4V 

XIN' YIN, RND, FT 75 100 f.1A 
TCX, TCY, RS 75 100 f.1A 

eLK l, M, X, and Y; TRIM, TRIL 75 100 f.1A 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 mA 

VOL Output Voltage, Logic LOW Vee - MIN, 10L - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH Vce - MIN, 10H - MAX 2.4 2.4 V 

lOlL Hi-l Output Leakage Current, Output LOW VCC - MAX, VI - 0.4V -40 -40 f.1A 

10lH Hi-l Output Leakage Current, Output HIGH VCC - MAX, VI - 2.4V 40 40 f.1A 

lOS Short - Circuit Output Current VCC - MAX, one pin to ground, -50 -50 mA 

one second duration max, output HIGH 

CI Input Capacitance TA - 25DC, F - lMHz 15 15 pF 

Co Output Capacitance TA - 25DC, F - lMHz 15 15 pF 

Note: 
1. All inputs and outputs LOW. 

LSI Products Division 
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Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min 

tMC Mu~iply Time, Clocked VCC - MIN 115 

tMUC Mu~iply Time, Un clocked VCC - MIN 155 

tD Dutput Delay VCC - MIN, Test Load: VLDAD - 2.2V 40 

tENA Three - State Dutput Enable Delay VCC - MIN, Test Load: VLOAD - 1.8V 40 

tDiS Three - State Output Disable Delay VCC - MIN, Test Load: VLDAD - 2.6V 40 

for tOlSO' D.DV for tDIS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for to IS and tENA, which are shown in Figure 12. 
2. tOISl denotes the transition from logical 1 to three-state. 

tOISO denotes the transition from logical 0 to three -state. 

Ordering Information 

Product Temperature Range 
Number 

MPY012HJ1C STD-TA - O°C to 70°C 
MPY012HJ1G STD-T A - DOC to 7DoC 
MPY012HJ1F EXT-TC - -55°C to 125°C 
MPY012HJ1A EXT - T C - -55°C to 125°C 

MPY012HCl F 1 EXT - TC - -55°C to 125°C 
MPY012HC1A EXT - TC - -55°C to 125°C 

MPY012HL1F1 EXT-TC - -55°C to 125°C 
MPY012HLlA 1 EXT - TC - -55°C to 125°C 

MPY012HF1F1 EXT - TC - -55°C to 125°C 
MPY012HFIA EXT - TC - -55°C to 125°C 

Notes: 
1. Contact factory for availability. 
2. Per TRW document 70Z01757. 

Screening Package 

Commercial 64 Lead DIP 
Commercial With Burn -In 64 Lead DIP 
Commercial 64 Lead DIP 
High Reliability 2 64 Lead DIP 

Commercial 68 Contact Chip Carrier 
High Reliability 2 68 Contact Chip Carrier 

Commercial 68 Leaded Chip Carrier 
High Reliability 2 68 Leaded Chip Carrier 

Commercial 64 Lead Flatpack 
High Reliability 2 64 Lead Flatpack 

Max Units 

140 ns 

185 ns 

45 ns 
45 ns 
45 ns 

Package 
Marking 

012HJ1C 
D12HJ1G 
012HJ1F 
012HJ1A 

012HC1F 
012HC1A 

012HLIF 
012HLlA 

012HFIF 
012HFIA 

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. 

LSI Products Division 
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MPY112K 
Preliminary Information 

Multiplier 
12 x 12 bit, 50ns 

The MPYl12K is a video-speed 12 x 12 bit parallel multiplier 
which operates at a 50 nanosecond cycle time (20M Hz 
multiplication ratel. The multiplicand 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 _BTM 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 

Ry 
(12) 

(1) 

LSI Products Division 
TRW Electronic Components Group 
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 

• Fully TIL Compatible 
• Three-State Outputs 
• Two's Complement Or Unsigned Magnitude Multiplication 
• Proven High - Reliability Radiation Hard Bipolar Process 
• Single +5V Power Supply 
• Available In 48 Lead Ceramic DIP 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

FORMAT 
ADJUST 

Phone: (6191 457 -1 000 
Telex: 697-957 
TWX: 910-335-1571 

Rp 
(12) P23-B 

©TRW Inc. 1985 
40G00388 Rev. E-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

YIN Ry 
(Y11-0) (12) 

FORMAT 
ADJUST 

Te ~--..., It) J-------....... ---------J 
~-..... 

elK M 

Pin Assignments 

XlO 1 [g] '---./ 48 X9 
X" 2 47 XB 

Yo 3 46 X7 
~ 4 ~ ~ 
Y2 5 44 X5 
Y3 6 43 ~ 
~ 7 ~ ~ 
Y5 B 41 X2 
Y6 9 40 X, 

Y7
'O 0 39 Xu YB 11 3D ClK X 

VCC 12 '11 GND 
VCC 13 36 GND 

Y9 14 35 Ps 
~O ~ M ~ 
Y11 16 33 P10 
TC 17 32 P11 

ClK M 1B 31 P12 
DE 19 30 P'3 

P23 20 29 P14 
P22 21 28 P'5 
P21 22 7J P'6 
P20 23 26 P17 
P19 24 '---___ --' 25 P1B 

48 Lead DIP - J4 Package 

G 40 

Rp 
(12) 

LSI Products Division 
TRW Electronic Components Group 
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Functional Description 

General Information 

The MPYl12K 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 
GND 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 11. carry the sign information 
for the two's complement notation. The rest of the bits are 
denoted Xo through XlO and YO through Y10 (with Xo and YO 

Name Function 

Xll X Data MSB 

XlO 

X9 

X8 

X7 

Xs 
X5 

X4 

X3 

X2 

Xl 

Xo X Data lSB 

LSI Products Division 
TAW Electronic Components Group 

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 M PYl12K 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 3S, 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 

G 41 

011 
I 
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Data Inputs (Cont.) 

Name Function 

Yll Y Data MSB 

YlO 
Y9 
Ya 
Y7 
Y6 
Y5 
Y4 

Y3 
Y2 
Yl 

YO Y Data lSB 

Data Outputs 

The M PYl12K 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 IMSBl of the product is the 
sign bit if two's complement notation is used (TC = 1 L The 

Name Function 

P23 Product MSB 

P22 
P21 
P20 
P19 
PIa 
P17 

P16 

P15 
P14 
P13 
P12 
Pll 

Pl0 
P9 
Pa 

G 42 

Value J4 Package 

TTL Pin 16 
TTl Pin 15 
TTl Pin 14 
TTl Pin 11 

TTl Pin 10 
TTl Pin 9 
TTl Pin a 
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 DE is HIGH, and 
enabled when DE 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 2a 
TTl Pin 29 
TTL Pin 30 
TTl Pin 31 
TTL Pin 32 
TTL Pin 33 
TTL Pin 34 
TTL Pin 35 

LSI Products Division 
TRW Electronic Components Group 
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Clocks 

The MPYl12K 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 elK X. Data present at the Y input, the 

Name Function 

ClK X Clock Input Data X 

ClK M Master Clock 

Controls 

The MPYl12K has two control lines. DE is a three-state 
enable line for the output. The output drivers are in the 
high -impedance state when DE is HIGH, and enabled when DE 
is lOW. 

Name Function 

TC Two's Complement 

DE Three·State Control 

LSI Products Division 
TRW Electronic Components Group 

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 elK M. 

Value J4 Package 

TIL Pin 38 
TIL Pin 18 

The device will interpret data as two's complement when Te 
is HIGH, and as unsigned magnitude when Te is lOW. DE is 
not registered. Te is registered and clocked in at the rising 
edge of elK M. 

Value J4 Package 

TIL Pin 17 
TIL Pin 19 

G 43 
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Figure 1. Fractional Two's Complement Notation 
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Figure 2. Fractional Unsigned Magnitude Notation 
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Figure 3. Integer Two's Complement Notation 
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Figure 4. Integer Unsigned Magnitude Notation 
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Figure 5. Timing Diagram 
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Absolute maximum ratings Ibeyond which the device will be damaged) 1 

Supply Vohage ........................................................................................................................................................................................................................................ - 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 ..................................................................................................................................................................................................... -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 (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 

Paramoter Min Nom Max Min Nom Max Units 

VCC 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 O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 2.5 rnA 

IOH Output Current, logic HIGH -400 -400 f.,lA 

TA Ambient Temperature, Still Air 0 70 °e 

Te Case Temperature -55 125 °e 

LSI Products Division 
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MPY112K 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current 1 VCC - MAX, Static 450 550 

III Input Current, logic lOW VCC - MAX, VI - 0.4V 
Oata Inputs, TC -0.2 -0.3 
ClK X, at -0.6 -0.75 
ClK M -1.2 -1.5 

IIH Input Current, logic HIGH VCC - MAX, VI - 2.4V 
Oata Inputs, TC 50 50 
ClK X, OE 50 50 
ClK M 100 100 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5 1.0 1.0 

VOL Output Voltage, logic lOW VCC - MAX, IOl - MAX 0.5 0.5 

VOH Output Voltage, logic HIGH VCC - MIN, IOH - MAX 2.4 2.4 

lOll Hi-l Output leakage Current, Output lOW VCC - MAX, VI - 0.4V -40 4D -40 4D 

10lH Hi -l Output leakage Current, Output HIGH VCC - MAX, VI - 2.4V -40 4D -40 40 

lOS Short - Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -50 -50 
one second duration max 

CI Input Capacitance TA - 25°C, F - lMHz 15 15 

eO Output Capacitance TA - 25°C, F - lMHz 15 15 

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

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

tMPY Mu~iply Time VCC - MIN 50 55 

to Output Oelay Vec - MIN, Test load: VLOAO - 2.2V 35 45 

tENA Three - State Output Enable Delay Vee - MIN, Test Load: VLOAO - 1.BV 30 45 

tDiS Three - State Output Enable Oelay VCC - MIN, Test Load: VlOAO - 2.6V 30 45 

tOlSO' O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for to IS and tENA' which are shown in Figure 9. 
2. tOlS1 denotes the transition from logical 1 to three -state. 

tolSO denotes the transition from logical a to three - state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

mA 

mA 
mA 
mA 

J.lA 
J.lA 
J.lA 
mA 

V 
V 

J.lA 
J.lA 
rnA 

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 le.g., data from an 
analog - to -digital converter.! These numbers are effectively all 
positive values. In contrast, filter coefficients must ohen be 
negative. As a result, either the video data must be converted 
to two's complement notation Iwhich requires an additional bitl, 
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 elK 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 MPY112K does not differentiate between this 
operation: 

6 x 2 == 12 
and this operation: 

IB/81 x (2/8) == 12/64 

Ordering Information 

Product Temperature Range 
Number 

MPYl12KJ4C 8TD-T A - DOC to 70°C 
MPYl12KJ4G STD-T A - DOC to 70°C 

MPYl12KJ4F' EXT - TC - -55°C to 125°C 
MPYl12KJ4A' EXT - T C - -55°C to 125°C 

Notes: 
1. Contact Factory for availability. 

2. Per TRW document 70Z1757. 

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 productl. 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 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 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 that 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 1-1) x 1-11 with 
the MPY112K will yield the lincorrectl result 1-11. 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 Lead DIP 112KJ4C 
Commercial With Burn-In 48 Lead DIP 112KJ4G 

Commercial 48 Lead DIP 112KJ4F 
High Reliability 2 48 Lead DIP 112KJ4A 

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

LSI Products Division 
TRW Electronic Components Group 



MPY016H 

Multiplier 
16 X 16 bit, 145ns 

The MPYD16H is a high-speed 16 x 16 bit parallel multiplier 
which operates at a 145 nanosecond cycle time (6.9MHz 
multiplication ratel. The multiplicand 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 (MSPI has a dedicated output port. 
The Least Significant Product (LSPI shares a bidirectional port 
with the Y input. Three-state outputs are employed 
throughout. The MPYD16H is built with TRW's 
state-of-the-art 2-micron bipolar process. 

Features 

• 145ns Multiply Time (Worst Casel 

• 16 x 16 Bit Parallel Multiplication With 32-Bit Product 
Output 

Functional Block Diagram 

TCX '>-----11.-

ClK X '>-+-___ .....l 

RND ")--I----I~ 

ClK Y )--...-----, 

YIN/lSPOUT 

IY 15-0/P15-01 

TCY 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 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 64 Lead Ceramic DIP, 68 Contact Chip Carrier, 
68 Leaded Chip Carrier, or 64 Leaded Flatpack 

Applications 

• Array Processors 
• Video Processors 

• Radar Signal Processors 

• FFT Processors 
• General Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

RS 

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

FT CLK l TRll 

©TRW Inc. 1985 
40G00285 Rev. F-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

Tex '>------+1 

ClK X }--.-___ ....J 

RND 

ClK V 

VIN/lSPOUT 
IV 15.oIP15.0) 

Tev 

RS FT ClK l TRll 

Pin Assignments 
x., 1 64 X5 
X3 2 63 X6 
X2 3 62 X7 
Xl 4 61 X8 

Xo 5 60 X9 
TRll 6 59 XlO 

ClK l 7 58 XII 
ClK V 8 57 X12 
Po· Vo 9 56 X13 
Pl' VI 10 55 X14 
P2. V2 11 54 X15 
P3. V3 12 53 ClK X 
P4. V4 13 52 RND 
P5· Y5 14 51 TCX 
P6. V6 15 50 TCV 

PJ· Y7 16 49 VCC 
P8· Y8 17 48 VCC 
P9. V9 18 47 GND 

Pl0. Vl0 19 46 GND 
Pl1· Y11 20 45 GND 
P12· Y12 21 44FT 
P13. V13 22 43 RS 
P14· Y14 23 42 TRIM 
P15. V15 24 41 ClK M 

P16 25 40 P31 
P17 26 39 P30 
P18 27 38 P29 
P19 28 37 P28 
P20 29 36 P27 
P21 30 35 P26 
P22 31 34 P25 
P23 32 33 P24 

64 Lead DIP - Jl Package 

LSI Products Division 
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Pin Assignments 

Pin Assignments 

X13 61 
X14 62 
X15 63 

ClK X 64 
RND 65 
TCX 66 
TCY 67 
VCC 68 
VCC 1 
GND 2 
GND 3 
GND 4 

FT 5 
RS 6 

TRIM 
ClK M 

NC 9 

..... >-

~~~~~~~~~~~~x~~dd 
~m~~~~~~~~~~~~~~3 

43 NC 
42 Po. Yo 
41 Pl' Yl 
40 P2. Y2 
39 P3. Y3 
38 P4. Y4 
37 P5. Y5 
36 P6. Y6 
35 PJ. Y7 
34 P8. Y8 
33 P9. Y9 
32 Plo. Y1Q 
31 Pl1. Yll 
3D P12. Y12 
29 P13. Y13 
28 P14. Y14 
27 P15. Y15 

68 Contact Or Leaded Chip Carrier - Cl, Ll Package 

..... >­
N_Q :::!:::r:::::r:: 
xxx~~~~~~~~X~fE.dd 
~~~~3ldl!;;;!:;;:~~~~~~~~ 

X13 49 32 PD. Yo 
X14 50 31 Pl. Yl 
X15 51 3D P2. Y2 

ClK X 52 29 P3. Y3 
RND 53 28 P4. Y4 
~~ n~% 
m~ ~~~ 

~~ ~~~ 
~~ ~~~ 
GND 58 23 P9. Y9 
GND 59 22 Plo. Ylo 
GND 60 21 Pl1. Yll 

FT 61 20 P12. Y12 
RS 62 19 P13. Y13 

TRIM 63 18 P14. Y14 

ClK M 64 r\~~:lFn~~~~"Fr:l1~~~~~I17 P15· Y15 

LSI Products Division 

.-NM-.:t'Ln=,....=cnS!::~t:::!~~~ 

M~~~~~~~:;:J~N~~~~~ 
CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI.CI. 

64 Leaded Flatpack - Fl Package 

TRW Electronic Components Group 

.-
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Functional Description 

General Information 

The MPY01 BH has three functional sections: input registers, an 
asynchronous multiplier array, and output registers. The input 
registers store the two 1 B - 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 MPY01 BH operates from a single + 5 Volt supply. All 
power and ground lines must be connected. 

Name Function Value 

Vec Positive Supply Voltage +5.0V 

GND Ground O.OV 

Control 

The MPY01BH has seven control lines: 

designed to handle two's complement or unsigned magnitude 
numbers. The output registers hold the product as two 1 B - bit 
words, the Most Significant Product (MSP) and the least 
Significant Product (lSPI. Three -state output drivers allow the 
MPY01BH to be used on a bus, or allow the least and most 
significant outputs to be multiplexed over the same 1 B - bit 
output lines. The least Significant Product (lSP) is multiplexed 
with the Y input. 

Jl Package Cl, L1 Package Fl Package 

Pins 48, 49 Pins 1, 68 Pins 56, 57 

Pins 45, 46, 47 Pins 2, 3, 4 Pins 58, 59, 60 

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 

TRIM, TRll Three-state enable lines for the MSP and the 
lSP. The output driver is in the high -impedance 
state when TRIM or TRll is HIGH, and enabled 
when the respective control is lOW. 

RS 

RND 

G 52 

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- 1B 

bit (P141. If RS is HIGH when RND is HIGH, a 
one will be added to the 2- 15 bit (P151. 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. 

the MPY01BH to consider the appropriate input 
as a two's complement number, while a lOW 
forces the MPY016H to consider the appropriate 
input as a magnitude only number. 

FT, RS, TRIM and TRll 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. 

LSI Products Division 
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Control (Cant) 

Name Function Value Jt Package Ct, Lt Package Ft Package 

RND Round Control Bit 

TCX X Input Two's Complement 

TCY Y Input Two's Complement 

FT Output Register Feedthrough 

RS Output Right Shift 

TRIM MSP Three-State Control 
TRll lSP Three-State Control 

Data Inputs 

The MPY016H has two l6-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits (MSBs), 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 

Name Function Value 

X15 X Data MSB TTL 

X14 TTL 

X13 TTL 

X12 TTL 
Xll TTL 

XlO TTL 

X9 TTL 

XB TTL 

X7 TTL 

X6 TTL 

X5 TTL 

X4 TTL 

X3 TTL 

X2 TTL 

Xl TTL 

Xo X Data lSB TTL 

Y15 Y Data MSB TTL 

Y14 TTL 

Y13 TTL 

Y12 TTL 

Yll TTL 

YlO TTL 

Y9 TTL 

YB TTL 

Y7 TTL 

Y6 TTL 

Y5 TTL 

Y4 TTL 
Y3 TTL 

LSI Products Division 
TRW Electronic Components Group 

TTL Pin 52 Pin 65 Pin 53 

TTL Pin 51 Pin 66 Pin 54 
TTL Pin 50 Pin 67 Pin 55 

TTL Pin 44 Pin 5 Pin 61 
TTL Pin 43 Pin 6 Pin 62 

TTL Pin 42 Pin 7 Pin 63 
TTL Pin 6 Pin 46 Pin 35 

fractional two's complement, fractional unsigned magnitude, 
integer two's complement and integer unsigned magnitude 
notation are shown in Figures 1 through 6. The Y inputs are 
multiplexed with the LSP outputs, and hence can only be used 
when the TRIL control is in a HIGH state. 

Jt Package Ct, Ll Package Ft Package 

Pin 54 Pin 63 Pin 51 
Pin 55 Pin 62 Pin 50 
Pin 56 Pin 61 Pin 49 
Pin 57 Pin 59 Pin 48 
Pin 58 Pin 58 Pin 47 
Pin 59 Pin 57 Pin 46 

Pin 60 Pin 56 Pin 45 
Pin 61 Pin 55 Pin 44 
Pin 62 Pin 54 Pin 43 
Pin 63 Pin 53 Pin 42 
Pin 64 Pin 52 Pin 41 
Pin 1 Pin 51 Pin 40 
Pin 2 Pin 50 Pin 39 
Pin 3 Pin 49 Pin 3B 
Pin 4 Pin 48 Pin 37 
Pin 5 Pin 47 Pin 36 

Pin 24 Pin 27 Pin 17 
Pin 23 Pin 2B Pin lB 
Pin 22 Pin 29 Pin 19 

Pin 21 Pin 30 Pin 20 
Pin 20 Pin 31 Pin 21 
Pin 19 Pin 32 Pin 22 
Pin lB Pin 33 Pin 23 

Pin 17 Pin 34 Pin 24 
Pin 16 Pin 35 Pin 25 
Pin 15 Pin 36 Pin 26 
Pin 14 Pin 37 Pin 27 
Pin 13 Pin 3B Pin 2B 
Pin 12 Pin 39 Pin 29 

G 53 
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Data Inputs (Cont.) 

Name Function Value 

Y2 TIL 

Vl TIL 

YO Y Data LSB TIL 

Data Outputs 

The MPY016H 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 (MSBI of both the MSP 
and the LSP is the sign bit if fractional two's complement 
notation is used (TCX = TCY = 1, RS = 01. 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 

Name Function Value 

P31 Product MSB TIL 

P30 TIL 

P29 TIL 

P28 TIL 

P27 TIL 

P26 TIL 

P25 TIL 

P24 TIL 

P23 TIL 

P22 TIL 

P21 TIL 

P20 TIL 

P19 TIL 

P18 TIL 

P17 TIL 

P16 TIL 

P15 TIL 

P14 TIL 

P13 TIL 

P12 TIL 

P11 TIL 

Pm TIL 

P9 TIL 

P8 TIL 

P7 TIL 

P6 TIL 

P5 TIL 

P4 TIL 

P3 TIL 

P2 TIL 

P1 TIL 

Po Product LSB TIL 

G 54 

Jl Package Cl, L 1 Package Fl Package 

Pin 11 Pin 40 Pin 30 
Pin 10 Pin 41 Pin 31 
Pin 9 Pin 42 Pin 32 

are shown in Figures 1 through 6. The LSP Output can be 
taken from the Y inputs only when TAIL 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 
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. 

Jl Package Cl, L1 Package Fl Package 

Pin 40 Pin 10 Pin 1 
Pin 39 Pin 11 Pin 2 
Pin 38 Pin 12 Pin 3 
Pin 37 Pin 13 Pin 4 
Pin 36 Pin 14 Pin 5 
Pin 35 Pin 15 Pin 6 
Pin 34 Pin 16 Pin 7 
Pin 33 Pin 17 Pin 8 
Pin 32 Pin 18 Pin 9 
Pin 31 Pin 19 Pin 10 
Pin 30 Pin 20 Pin 11 
Pin 29 Pin 21 Pin 12 
Pin 28 Pin 22 Pin 13 
Pin 27 Pin 23 Pin 14 
Pin 26 Pin 24 Pin 15 
Pin 25 Pin 25 Pin 16 
Pin 24 Pin 27 Pin 17 
Pin 23 Pin 28 Pin 18 
Pin 22 Pin 29 Pin 19 
Pin 21 Pin 30 Pin 20 
Pin 20 Pin 31 Pin 21 
Pin 19 Pin 32 Pin 22 
Pin 18 Pin 33 Pin 23 
Pin 17 Pin 34 Pin 24 
Pin 16 Pin 35 Pin 25 
Pin 15 Pin 36 Pin 26 
Pin 14 Pin 37 Pin 27 
Pin 13 Pin 38 Pin 28 
Pin 12 Pin 39 Pin 29 
Pin 11 Pin 40 Pin 30 
Pin 10 Pin 41 Pin 31 
Pin 9 Pin 42 Pin 32 

LSI Products Division 
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Clocks 

The MPY016H 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 Value 

ClK X Clock Input Data X TTL 
ClK Y Clock Input Data Y TTL 

ClK L Clock lSP Register TTL 
ClK M Clock MSP Register TTL 

No Connects 

The chip carrier version of the MPY016H has four pins which 
are not connected internally. These should be left unconnected. 

Name Function 

NC No Connection 

LSI Products Division 
TRW Electronic Components Group 

-~.-. 80,rtlJI 

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 this control 
signal can be avoided by the use of normally lOW clocks. 

Jl Package Cl. L1 Package Fl Package 

Pin 53 Pin 64 Pin 52 
Pin B Pin 44 Pin 33 

Pin 7 Pin 45 Pin 34 

Pin 4 Pin B Pin 64 

Jl Package Cl. L1 Package Fl Package 

None Pins 9, 26, 43, 60 None 

G 55 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

SIGNAL 
~~r-+-+-~~-r-r-+-+~~~r-r-~ 

DIGIT VALUE 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Figure 3. Fractional Mixed Mode Notation 

BINARY POINT 

SIGNAL (TWO'S CDMPLEMENTl 
~r-+-+-+-~~-r-+-+-+~~--r-r-~ 

DIGIT VALUE 
~r-~~~~~~~~~~~~~~~ 

SIGNAL (UNSIGNED MAGNITUDE) 
x r-~r-+-+-~~-r-+-+~~~~r-+-~ 

DIGIT VALUE 
~~~~~~~~~~~~~~~~~ 

SIGNAL 
~+-+-+-~~~-+~-+~~~r-+-+-+-~~~-+-+-4~--~r-+-+-~~~-+-+~ 

L...-i-~~~~~---'-~~---L~~~J.:....~+--L--I-~~~~~ __ ~~~....L-...~~...J....---'---L---I DIGIT VALUE B 
MANDATORY 
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Figure 4. Integer Two's Complement Notation 

BINARY POINT 

Xo SIGNAL 

20 OIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE IRS = 0 I 

Po SIGNAL 

2° DIGIT VALUE ~ 

Figure 5. Integer Unsigned Magnitude Notation 
BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE I RS = 11 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT DIll 
Xo SIGNAL (TWO'S COMPLEMENn 

2° DIGIT VALUE 

Yo SIGNAL (UNSIGNED MAGNITUDE! 

2° DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE IRS = 11 
MSP LSP 

MANDATORY 
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Figure 7. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

IpW 

~-----------IMC----------~ to3 OUTPUT 

FIDIS--- 'b 
OUTPUT 'J--_________ ---IE-NA---l!--< 
__________ .IJ (HIGH IMPEDANCE} I~,--____ _ 

Figure 8. Timing Diagram, Unclocked Mode 

INPUT 

INPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

Figure 9. Equivalent Input Circuit 

vec---.-----.---

INPUT 

elK x, y, l, M 
Rt = 25K 
R2 = 1DK 

G 58 

~-----------------IMUC--------------~:~1' 
F'Ols 

OUTPUT 

h7.'EN::-::A ~:;:::==== 
~---------------------{ (HIGH IMPEDANCE) 

Figure 10. Equivalent Output Circuit 

----+-----0 vee 

OUTPUT 
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Figure 11. Test Load 

TO roDn 
OUTPUT PIN~ VLOAO 

J40PF 

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 num bers (e.g., data from an analog - to - digital 
converted. These 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 

Multiplication 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, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the MPY016H does not differentiate between this 
operation: 

6 x 2 = 12 

and this operation: 

(6/81 x (2/81 = 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 

LSI Products Division 
TRW Electronic Components Group 

Figure 12. Transition Levels For Three-State Measurements 

TRIM, TRIL 

THREE-STATE 
OUTPUTS 

tDiS D.5V 

HIGH IMPEDANCE 

D.5V 

two's complement notation (which requires an additional bitl, or 
the multiplier must be capable of mixed mode operation. The 
M PY016H provides this capability by independently specifying 
the mode of the multiplicand (XI and the multiplier (YI 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 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 6. 
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Register Shift (RS) 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 MPY016H has a Register Shih lASl 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 positionl, 
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 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 + 5.5V 2 

Forced current ..................................................................................................................................................................................................... - 0.1 to + 6.0mA 3,4 

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

Temperature 

Operating, case ............................................................................................................................................................................................................ -55 to + 125°e 

junction ....................................................................................................................................................................................................................... 175°e 

Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 3000 e 

Storage ...................................................................................................................................................................................................................... -65 to + 1500 e 

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. 

lSI Products Division 
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Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

Vcc 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 Hold Time 0 3 ns 

VIL Input Voltage, Logic LOW O.B O.B V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

10L Output Current, Logic LOW 4.0 4.0 rnA 

10H Output Current, Logic HIGH -400 -400 f-lA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current VCC - MAX, Static 1 B75 1050 rnA 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.4V 

XIN, YIN, RND, FT -0.4 -0.4 rnA 

TCX, TCY, RS -O.B -O.B rnA 

ClK L, M, and X; TRIM, TRIL -1.0 -1.0 rnA 

ClK Y -2.0 -2.0 rnA 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 

XIN, YIN, RND, FT 75 100 f.lA 
TCX, TCY, RS 75 100 f-lA 

CLK L, M, and X; TRIM, TRll 75 100 f.lA 

elK Y 100 200 f.lA 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 rnA 

VOL Output Voltage, Logic LOW VCC - MIN, 10l - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 V 

10Zl Hi-Z Output Leakage Current, Output lOW VCC - MAX, VI - 0.4V -40 -40 f-lA 

10ZH Hi-Z Output Leakage Current, Output HIGH VCC - MAX, VI - 2.4V 40 40 f-lA 

lOS Short-Circuit Output Current VCC - MAX, One pin to ground -50 -50 rnA 

one second duration max, output HIGH 

CI Input Capacitance TA - 25°C, F - lMHz 10 10 pF 

Co Output Capacitance TA - 25°C, F - lMHz 10 10 pF 

Note: 
1. Worst case, all inputs and outputs lOW. 

LSI Products Division 
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Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

tMC Mu~iply Time, Clocked VCC - MIN 145 185 

tMUC Mu~iply Time, Unclocked VCC - MIN 185 230 

to Output Delay VCC - MIN, Test load: VLOAD - 2.2V 40 45 

tENA Three-State Output Enable Delay VCC - MIN, Test load: VlOAD - 1.8V 40 45 

tDIS Three - State Output Disable Delay VCC - MIN, Test load: VlOAD - 2.6V 40 45 

for tDlSO, O.OV for tDlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in Figure 12. 

2. tOISl denotes the transition from logical 1 to three-state. 
to ISO denotes the transition from logical 0 to three -state. 

Ordering Information 

Product Temperature Range 
Number 

MPYD16HJ1C S1O-T A - DOC to 7DoC 

MPYD16HJ1G S1O-T A - DOC to 7DoC 

MPYD16HJ1F EXT - T C - -55°C to 125°C 

MPYD16HJ1A EXT - TC - -55°C to 125°C 

MPYD16HC1F 1 EXT-TC - -55°C to 125°C 

MPYD16HC1A EXT - T C - -55°C to 125°C 

MPYD16HL1F 1 EXT - T C - - 55°C to 125°C 

MPYD16HL1A 1 EXT - TC - -55°C to 125°C 

MPYD16HFIF 1 EXT-TC - -55°C to 125°C 

MPYD16HFIA EXT - TC - -55°C to 125°C 

Notes: 
1. Contact Factory for availability. 

2. Per TRW document 70Z1757. 

Screening Package 

Commercial 64 lead DIP 

Commercial With Burn-In 64 Lead DIP 

Commercial 64 Lead DIP 

High Reliability 2 64 Lead DIP 

Commercial 68 Contact Chip Carrier 

High Reliability 2 68 Contact Chip Carrier 

Commercial 68 Leaded Chip Carrier 

High Reliability 2 68 Leaded Chip Carrier 

Commercial 64 Leaded Flatpack 

High Reliability 2 64 Leaded Flatpack 

Units 

ns 

ns 

ns 

ns 

ns 

Package 
Marking 

D16HJ1C 

D16HJ1G 

D16HJ1F 

D16HJ1A 

D16HC1F 

D16HC1A 

D16HLtF 

D16HL1A 

D16HFIF 

D16HFIA 

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. 

LSI Products Division 
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MPY016K 
Preliminary Information 

VLSI Multiplier 
16 X 16 bit, 40ns 

The TRW MPY016K is a video-speed 16 X 16 bit parallel 
multiplier which operates at a 40 nanosecond cycle time 
125M Hz multiplication rate!. The multiplicand 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 D - 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. 

Features 

• 40ns Multiply Time: MPY016K-1 IWorst Case) 
• 45ns Multiply Time: MPY016K IWorst Case) 
• Pin Compatible With TRW MPY016H 

Functional Block Diagram 
lCX >-----t~ 

XIN 

(XIS-D) 

ClKX~~--....J 

RNO >----if---H 

ClK Y )--4--------, 

YIN/LSPOUT A--l"'---"IJ 
(Yls·oIPI5·0) 

lCY 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 16 X 16 Bit Parallel Multiplication With 32-Bit Output 
o 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 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or 

68 Leaded Chip Carrier 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

RS FT ClK l 

Phone: (6191 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 

lRll 

MSPOUT /LSPOUT 
(P31.16/PI5-0) 

©TRW Inc. 1985 
40GOl132 Rev. E-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

TCX>----..... 

ClK X >--_-----J 

RND).-"--..... 

CLK V >--~-----. 

V,NILSPOUT A--k---'\.I 
(VI5-0IP1S-01 

TCV 

Pin Assignments 

~1 
X3 2 
X2 3 
X1 4 
Xo 5 

TRIL 6 
ClK L 7 
ClK Y 8 
Po,Yo 9 
Pl,Y1 10 
P2,Y2 11 
P3,Y3 12 
P4,Y4 13 
P5,Y5 14 
P6,Y6 15 
P-,'Y7 16 
PO,YB 17 
P9,Y9 18 

Pl0,Yl0 19 
P11,Y11 20 
P12,Y12 21 
PI3'YI3 22 
PI4rY14 23 
P15,Y15 24 

PO,P16 25 
Pl,P17 26 
P2,P1B 27 
P3,P19 28 
P4,P20 29 
P5,P21 30 
P6,P22 31 
P-"P23 32 

64Xs 
63 Xs 
62 X7 
61 Xo 
60 X9 
59 Xl0 
58 Xtt 
57 X12 
56 X13 
55 X14 
54 X15 
53 ClK X 
52 RND 
51 TCX 
50 TCY 
49 VCC 
4B VCC 
47 GND 
46 GND 
45 MSEl 
44FT 
43 RS 
42 TRIM 
41 ClK M 
40 P31,P15 
39 P30,PI4 
30 P29,PI3 
37 P2B,PI2 
36 P27,P11 
35 P26,Pl0 
34 P25,P9 
33 P24'PO 

64 Lead DIP - Jl Package 

G 64 

RS 

X13 61 
X14 62 
X15 63 

ClK X 64 
RND 65 
TCX 66 
TCY 67 
VCC 68 
VCC 1 
GND 2 
GND 3 

MSEl 4 
FT 5 
RS 6 

TRIM 7 
ClK M 8 

NC 9 

FT ClK l TRll 

..... >-

~~~~~~~~~~~~x~~dd 
mm~~~~~~~~S~~~~~3 

MSPOUT ILSPOUT 
(PJ1·16 IPI5-01 

43 NC 
42 Yo,Po 
41 Yl,Pl 
40 Y2.P2 
39 Y3,P3 
38 Y4rP4 
37 Y5.P5 
36 Y6,P6 
35 Y7,P-' 
34 Yo,Po 
33 Y9,P9 
32 Yl0,Pl0 
31 Ytt,Pll 
30 Y12,P12 
29 Y13,P13 
28 Y14,P14 
27 Y15,P15 

68 Contact or Leaded Chip Carrier - Cl, L 1 Package 

LSI Products Division 
TRW Electronic Components Group 
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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 M PY016H, which has an additional 

Name Function 

Vee Positive Supply Voltage 
GND 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 IMSBs), denoted X 15 and Y 15, 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 

Xll 

XlO 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

Xl 

Xo X Data lSB 

LSI Products Division 
TRW Electronic Components Group 

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 IMSP) and the Least 
Significant Product ILSP!. 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 ILSP) is multiplexed 
with the Y input. 

ground pin; this is a control lead in the M PY016K. A ground 
on this pin Iwhich must exist in all M PY016H applications) will 
cause the MPY016K to function like an MPY016H. 

Value J1 Package C1, L1 Package 

+5.0V Pins 48, 49 Pins 1, 68 

O.OV Pins 46, 47 Pins 2, 3 

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 TRIL 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 Package C1, L 1 Package 

TTl Pin 54 Pin 63 

TTL Pin 55 Pin 62 

TTl Pin 56 Pin 61 

TTl Pin 57 Pin 59 

TTL Pin 58 Pin 58 

TTL Pin 59 Pin 57 

TTl Pin 60 Pin 56 

TTl Pin 61 Pin 55 

TTl Pin 62 Pin 54 

TTl Pin 63 Pin 53 

TTl Pin 64 Pin 52 

TTl Pin 1 Pin 51 

TTL Pin 2 Pin 50 

TTL Pin 3 Pin 49 

TTl Pin 4 Pin 48 

TTl Pin 5 Pin 47 
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Data Inputs (Cont.) 

Name Function 

Y15 Y Data MSB 

Y14 

Y13 

Y12 
Y11 
YlO 
Y9 

Y8 

Y7 

Y6 

Y5 
Y4 

Y3 

Y2 

Yl 

YO Y 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 IMSPI and Least Significant 
Product ILSP). 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 = 0), 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 
P28 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 
P19 
P18 
P17 
P16 

G 66 

Value Jl Package Cl, L1 Package 

TTL Pin 24 Pin 27 
TTL Pin 23 Pin 28 
TTL Pin 22 Pin 29 
TTl Pin 21 Pin 30 
TTl Pin 20 Pin 31 
TTl Pin 19 Pin 32 
TTl Pin 18 Pin 33 
TTL Pin 17 Pin 34 
TTL Pin 16 Pin 35 
TTL Pin 15 Pin 36 
TTL Pin 14 Pin 37 
TTl Pin 13 Pin 38 
TTL Pin 12 Pin 39 
TTL Pin 11 Pin 40 
TTl Pin 10 Pin 41 
TTL Pin 9 Pin 42 

If MSEL is LOW, 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. If 
MSEL 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 Jl Package Cl, L1 Package 

TTL Pin 40 Pin 10 
TTl Pin 39 Pin 11 
TTl Pin 38 Pin 12 
TTL Pin 37 Pin 13 
TTL Pin 36 Pin 14 
TTL Pin 35 Pin 15 
TTL Pin 34 Pin 16 
TTL Pin 33 Pin 17 
TTL Pin 32 Pin 18 
TTl Pin 31 Pin 19 
TTl Pin 30 Pin 20 
TTl Pin 29 Pin 21 
TTL Pin 28 Pin 22 
TTL Pin 27 Pin 23 
TTL Pin 26 Pin 24 
TTL Pin 25 Pin 25 

LSI Products Division 
TRW Electronic Components Group 
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Data Outputs (Cont.) 

Name Function 

P15 
P14 
P13 
P12 
P11 
PlO 
P9 
PB 
P7 
P6 
P5 
P4 
P3 
P2 
P1 
Po Product LSB 

Clocks 

The MPYD16K 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 

LSI Products Division 
TRW Electronic Components Group 

Value Jl Package Cl. L1 Package 

MUXED 
Input/Output Input/Output 

TIl Pin 241Pin 40 Pin 271Pin 10 
TIl Pin 231Pin 39 Pin 2BIPin 11 
ill Pin 221Pin 3B Pin 291Pin 12 
TIl Pin 211Pin 37 Pin 30lPin 13 
TIl Pin 20lPin 36 Pin 311Pin 14 
TIl Pin 191Pin 35 Pin 321Pin 15 
TIl Pin 1 BIPin 34 Pin 331Pin 16 
TIl Pin 17/Pin 33 Pin 341Pin 17 
TIl Pin 161Pin 32 Pin 351Pin 1 B 
TIl Pin 151Pin 31 Pin 361Pin 19 
TIl Pin 141Pin 30 Pin 371Pin 20 
TIl Pin 131Pin 29 Pin 3BIPin 21 
TIl Pin 121Pin 2B Pin 391Pin 22 
TIl Pin 11IPin 27 Pin 40IPin 23 
TIl Pin 10lPin 26 Pin 411Pin 24 
TIl Pin 91Pin 25 Pin 421Pin 25 

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 this control signal can be avoided 
by the use of normally lOW clocks. 

Value Jl Package Cl, Ll Package 

TIl Pin 53 Pin 64 

TIl Pin B Pin 44 

TIl Pin 7 Pin 45 

TIl Pin 41 Pin B 
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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 AS control. If AS is lOW when 
AND is HIGH, a one will be added to the 2- 16 
bit (P141. If AS is HIGH when AND is HIGH, a 
one will be added to the 2 -15 bit (P151. In 
either case, the lSP output will reflect this 
addition when AND is HIGH. Note also that 
rounding always occurs in the positive direction; 
in some systems this may introduce a 
systematic bias. 

TRIM, TRll Three-state enable lines for the MSP and the 
lSP. The output driver is in the high - impedance 
state when TRIM or TRll is HIGH, and enabled 
when the appropriate control is lOW. 

RS 

No Connects 

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 lSPIY input port. When MSEL is 
HIGH, the lSP is available to both three -state 
drivers and the MSP is not available. 

Name Function 

RND Round Control Bit 

TCX X Input Two's Complement 

TCY Y Input Two's Complement 

FT Output Register Feedthrough 

RS Output Register Shift 

MSEl Output Select 

TRIM MSP Three-State Control 

TRll lSP Three-State Control 

The contact and leaded chip carrier versions of the MPY016K 
have four pins which are not connected internally. These may 
be left unconnected. 

Name Function 

NC No Connection 

G 68 

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, AS, MSEl, TRIM, and TRll 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 Jl Package Cl, L1 Package 

TIL Pin 52 Pin 65 

TIL Pin 51 Pin 66 

TIL Pin 50 Pin 67 

TIL Pin 44 Pin 5 

TIL Pin 43 Pin 6 

TIL Pin 45 Pin 4 

TIL Pin 42 Pin 7 

TIL Pin 6 Pin 46 

Value Jl Package Cl, L 1 Package 

Open None Pins 9, 26, 43, 60 

LSI Products Division 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Figure 3. Fractional Mixed Mode Notation 

BINARY POINT 

SIGNAL (TWO'S COMPLEMENn 
r-r-+-+-~~-r-r-+-+~~~r-r-+-~ 

DIGIT VALUE 
~r-~~~~~~~~~~~~~~~ 

SIGNAL (UNSIGNED MAGNITUDE) 
~~~+-~4-~~~~~~--~~+-+-4 

DIGIT VALUE 
~~~~~~~~~~~~--~~~~~ 

SIGNAL 
r-~+-~1--r-r-+-+~~~~r-+-+-~~-r-r-+-+~~~r-r-+-+-~~-r-r-+~ 

~+-~....I...-~~~---'-""""'~~---'~~~....&..--t-~-'---'----'-""""'--I.~-'---~~~....I...-~-'---'----'----' DIGIT VALUE ~ 
MANDATORY 
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Figure 4. Integer Two's Complement Notation 

BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE B 

Po SIGNAL 

20 DIGIT VALUE ~ 

Figure 5. Integer Unsigned Magnitude Notation 
BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGITVALUE~ 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT 

Xo SIGNAL ITWO'S COMPLEMENT) 

20 DIGIT VALUE 

Yo SIGNAL IUNSIGNED MAGNITUDE) 

2° DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE IRS = 11 
MSP LSP MANDATORY 
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Figure 7. Timing Diagram, Non- Multiplexed Output 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

~-----------tMC----------~ 

tpw 

OUTPUT 

THREE-STATE 
CONTROL 

OUTPUT 

FtOls ~7.tE~NA~~;========== 
~----------------~------~ (HIGH IMPEDANCE) 

Figure 8. Timing Diagram, Unclocked Mode, Non-Multiplexed Output 

INPUT 

INPUT 
CLOCK 

THREE-STATE 
CONTROL 

~---------------tMUC--------------~;~~ 
FtDIS - '{ 

OUTPUT 

OUTPUT 'J------------~ __ tE_N_A_--1I_( ______________ ---JJ (HIGH IMPEDANCE) 1\ _____ _ 

Figure 9. Timing Diagram, Multiplexed Output 

INPUT 
DATA 

ClK X. Y 

ClK P 

OUTPUT 
DATA 

~-----ts----~~--
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TRW Electronic Components Group G 71 



MPY016K 

Figure 10. Equivalent Input Circuit 

Vec --.--.... --

INPUT 

XIN' VIN' 
TCX. TCV. 
RND. FT 

CLK X. ClK M. 25K 
RS. MSEL 

ClK Vl 25K 
ClK II 

Note: 1. ClK Y and ClK l each drive two equivalent inputs. 

Figure 12. Test Load 

soon 
~gTPUT PIN~ VlOAD 

1
40PF 

GND 

072 

Figure 11. Equivalent Output Circuit 

---.----00 VCC 

OUTPUT 

Figure 13. Transition Levels For Three-State Measurements 

THREE-STATE 
OUTPUTS 

0.5V 

HIGH IMPEDANCE 

0.5V 
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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 (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 M PY016K does not differentiate between this 
operation: 

6 X 2 = 12 
and this operation: 

(6/B) 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 (AS) 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. 

LSI Products Division 
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notation (which requires an additional bit), or the multiplier 
must be capable of mixed mode operation. The MPY016K 
provides this capability by independently specifying the mode of 
the multiplicand IX) and the multiplier IY) 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 (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 6. 

The MPY016K has a Register Shift (AS) 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. 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Vohage ........................................................................................................................................................................................................................................ -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 + 5.5V 2 
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. Current is specified as conventional current flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 
Parameter Min Nom Max Min Nom Max Units 

VCC 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 IMPY016K) 20 25 ns 
(MPY01SK-1) 20 20 ns 

tH Input Hold Time 0 2 ns 

V1l Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, logic lOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -400 -400 f.JA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 +125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standaid Extended 

Paremeter Test Conditions Min Max Min Max Units 

ICC Supply Current VCC - MAX, Static 1 

TA - O°C to 70°C 875 rnA 

TA> 25°Cl 860 rnA 

Te - -55°C to + 125°C 1050 rnA 

TC> 35°C 960 rnA 

VCC - 5.0V 
TA> 25°C 840 rnA 

TC> 35°C 920 rnA 

III Input Current, logic lOW VCC - MAX, VI - 0.4V 
XIN, YIN, TCY, TCX, FT, RNO -0.2 -0.2 rnA 

ClK Y, ClK l -1.2 -1.2 rnA 

ClK X, elK M, MSEl, TRIM, TRll, RS -0.6 -0.6 rnA 

IIH Input Current, logic HIGH Vce - MAX, VI - 2.4V 

XIN' YIN, TCY, TCX, FT, RNO 50 50 f-lA 
ClK Y, ClK l 100 100 f-lA 
ClK X, ClK M, MSEl, TRIM, TRll, RS 50 50 f-lA 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 rnA 

VOL Output Voltage, logic lOW VCC - MAX, 10l - MAX 0.5 0.5 V 

VOH Output Voltage, logic HIGH VCC - MIN, IOH - MAX 2.4 2.4 V 

10Zl Hi-Z Output leakage Current, Output lOW VCC - MAX, VI - O.4V 
Non - Shared Pins -40 -50 f-lA 
Shared Pins -200 -200 f-lA 

10ZH Hi-Z Output leakage Current, Output HIGH VCC - MAX, VI - 2.4V 
Non - Shared Pins 40 50 f-lA 
Shared Pins 50 50 f-lA 

lOS Short Circuit Output Current VCC - MAX, One pin to ground, -4 -50 -4 -50 rnA 
one second duration, output HIGH. 

CI Input Capacitance TA - 25°C, F - lMHz 10 10 pF 

Co Output Capacitance TA - 25°C, F - lMHz 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. 

LSI Products Division 
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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 

VCC - MIN (MPY016K-l) 40 45 

tMUC Multiply Time, Undocked VCC - MIN (MPY016K) 75 85 

VCC - MIN (MPY016K-l) 70 75 

to Output Delay VCC - MIN, (MPY016K) Test load: VLOAD - 2.2V 30 35 

VCC - MIN, (MPY016K-l) Test load: VLOAD - 2.2V 30 30 

tSEl Output Multiplex Select Delay VCC - MIN, Test load: VLOAO - 2.2V 20 25 

lENA Three-State Output Enable Delay VCC - MIN, Test load: VLOAD - 1.8V 30 35 

tDiS Three-State Output Disable Delay VCC - MIN, Test load: VLOAD - 2.6V 30 35 

for tDlSO, O.OV for tDlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in Figure 13. 

2. tOISl denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three-state. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Ordering Information 
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Product Temperature Range Screening Package Package 
Number Marking 

MPY016KJ1C STD- TA - DOC to 70°C Commercial 64 lead DIP 016KJ1C 

MPY016KJ1Cl STD- TA - O°C to 70°C Commercial 64 lead DIP 016KJ1Cl 

MPY016KJ1G STD- TA - O°C to 70°C Commercial With Burn-In 64 lead DIP 016KJ1G 

MPY016KJ1Gl STD-T A - O°C to 70°C Commercial With Burn-In 64 lead DIP 016KJ1Gl 

MPY016KJ1F EXT-TC - -55°C to 125°C Commercial 64 lead DIP 016KJ1F 

MPY016KJ1Fl EXT - TC - -55°C to 125°C Commercial 64 lead DIP 016KJ1Fl 
MPY016KJ1A EXT - T C - -55°C to 125°C High Reliability 2 64 lead DIP 016KJ1A 

. MPY016KJ1Al EXT - TC - -55°C to 125°C High Reliability 2 64 lead DIP 016KJ1Al 

MPY016KC1F' EXT - TC - -55°C to 125°C Commercial 68 Contact Chip Carrier 016KC1F 

MPY016KC1A' EXT-TC - -55°C to 125°C High Reliability 2 68 Contact Chip Carrier 016KC1A 

MPY016Kl1F' EXT - T C - -55°C to 125°C Commercial 68 leaded Chip Carrier 016Kl1F 

MPY016Kl1A' EXT - T C - -55°C to 125°C High Reliability 2 68 leaded Chip Carrier 016Kl1A 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z1757. 

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. 

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

LSI Products Division 
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TMC216H 
Preliminary Information 

CMOS Multiplier 
16 X 16 bit, 145ns 

The TRW TMC215H is a high-speed 15 X 15 bit parallel 
multiplier which operates at a 145 nanosecond cycle time 
15.9MHz multiplication ratel. The multiplicand 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 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 
TM C215H is pin and function compatible with the industry 
standard MPY015H and operates with the same speed at 
approximately one -fihh the power dissipation. 

Features 

• Fully TIL Compatible 
• 145ns Multiply Time IWorst Case) 

Functional Block Diagram 

Tex >------II~ 

eLK x >--.-----' 

RND >--+----+1 

eLK v >-4-------......, 

VIN/LSPDUT ~~-"""""I 
IVI5·0/PI5·0) 

Tev 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

o Low Power CMOS Technology 

• Single +5V Power Supply 
• Pin And Function Compatible With TRW MPY015H 
o Output Registers Can Be Made Transparent 

• Three - State Outputs 
• Two's Complement, Unsigned Magnitude, Or Mixed Mode 

Multiplication 
o Available In 54 Lead DIP, 58 Contact Chip Carrier, Or 58 

Leaded Chip Carrier 

Applications 

• Array Processors 
o Video Processors 
o Radar Signal Processors 
o FFT Processors 
o General Purposa Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

RS 

Phone: 16191 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

eLK M 

FT eLK L 

TRIM 

TRIL 

©TRW Inc. 1985 
40G01149 Rev. C - 2/85 
Printed in the U:SA 



TMC216H 

Functional Block Diagram 
Tex>---~ 

elKx~~--"'" 

elKY~----, 

YIN/lSPOUT A--k----'~ 
(YI5-oIPI5-0' 

Tey 

Pin Assignments 
><.,1 
X3 2 
X2 3 
Xl 4 
Xo 5 

TRll 6 
ClK l 7 
ClK Y B 
Po,Yo 9 
Pl,Yll0 
P2,Y2 11 
P3,Y3 12 
P4,Y4 13 
P5,Y5 14 
P6,Y6 15 
~'Y716 
PB,YB 17 
P9,Y9 1B 

P1O,Yl0 19 
P11,Y11 20 
P12,Y12 21 
P13,Y13 22 
P14,Y14 23 
P15,Y15 24 

P16 25 
P17 26 
P1B 27 
P19 2B 
P20 29 
P21 30 
P22 31 
P23 32 
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r----------, 

64 Lead DIP - J3 Package 

64 X5 
63 X6 
62 X7 
61 XB 
60 X9 
59 Xl0 
5B Xll 
57 X12 
56 X13 
55 X14 
54 X15 
53 ClK X 
52 RND 
51 TCX 
50 TCY 
49 VDD 
4B VDD 
47 GND 
46 GND 
45 GND 
44FT 
43 RS 
42 TRIM 
41 ClK M 
40 P31 
39 P30 
3B P29 
37 P2B 
36 P27 
35 P26 
34 P25 
33 P24 

X13 61 
X14 62 
X15 63 

ClK X 64 
RND 65 
TCX 66 
TCY 67 
VDD 6B 
VDD 1 
GND 2 
GND 3 
GND 4 

FT 5 
RS 6 

TRIM 7 
ClK M B 

NC 9 

RS FT elK l TRIL 

..... > N_= ::!::z::::z:: 
~xxx~~~~~~~~x~~dd 

~~~~~~~~~~~~~~~~3 

68 Contact Or Leaded Chip Carrier - C1, L 1 Package 

lSI Products Division 
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43 NC 
42 Yo,Po 
41 Yl,Pl 
40 Y2,P2 
39 Y3,P3 
3B Y4,P4 
37 Y5,P5 
36 Y6,P6 
35 Y7'~ 
34 YB,PB 
33 Y9,P9 
32 Yl0,P1O 
31 Yll,Pll 
30 Y12,P12 
29 Y13,P13 
2B Y14,P14 
27 Y15.P15 



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 

VOO Positive Supply Voltage 
GNO Ground 

Data Inputs 

The TMC216H has two 16-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBs), denoted X15 and Y15, carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through X 14 and YO through Y 14 (with Xo and YO 
the Least Significant Bits!. The input and output formats for 

Name Function 

X15 X Data MSB 

X14 
X13 
X12 
Xll 
XlO 
X9 
X8 
X7 
X6 
X5 
X4 
X3 
X2 
Xl 
Xo X Data LSB 

LSI Products Division 
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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 (MSP) and the Least 
Significant Product (LSP!. 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 (LSP) is 
multiplexed with the Y input. 

device is pin and function compatible with the MPY016H. 

Value J3 Package Cl, L1 Package 

+5.0V Pins 48, 49 Pins 1, 68 
O.OV Pins 45, 46, 47 Pins 2, 3, 4 

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 TRIL control is in a HIGH state. 

Value J3 Package Cl, L 1 Package 

TIL Pin 54 Pin 63 
TIL Pin 55 Pin 62 
TIL Pin 56 Pin 61 
TIL Pin 57 Pin 59 
TIL Pin 58 Pin 58 
TIL Pin 59 Pin 57 
TIL Pin 60 Pin 56 
TIL Pin 61 Pin 55 
TIL Pin 62 Pin 54 
TIL Pin 63 Pin 53 
TIL Pin 64 Pin 52 
TIL Pin 1 Pin 51 
TIL Pin 2 Pin 50 
TIL Pin 3 Pin 49 
TIL Pin 4 Pin 48 
TIL Pin 5 Pin 47 
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Data Inputs (Cant.) 

Name Function 

Y,5 Y Data MSB 

Y,4 
Y,3 
Y,2 
Yll 
YlO 
Y9 
YB 
Y7 
Y6 
Y5 
Y4 
Y3 
Y2 
Y, 
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 (MSPI and Least Significant 
Product (LSP). The Most Significant Bit (MSBI of both the MSP 
and the LSP is the sign bit if fractional two's complement 
notation is used (TCX = TCY = 1, RS = 0), 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 
P2B 
P27 
P26 
P25 
P24 
P23 
P22 
P21 
P20 

P'9 
P'B 
P17 

P'6 

G 80 

Value J3 Package . Cl. L1 Package 

TTL Pin 24 Pin 27 
TTL Pin 23 Pin 2B 
TTL Pin 22 Pin 29 
TTL Pin 21 Pin 30 
TTL Pin 20 Pin 31 
TTL Pin 19 Pin 32 
TTL Pin 1B Pin 33 
TTL Pin 17 Pin 34 
TTL Pin 16 Pin 35 
TTL Pin 15 Pin 36 
TTL Pin 14 Pin 37 
TTL Pin 13 Pin 3B 
TTL Pin 12 Pin 39 
TTL Pin 11 Pin 40 
TTL Pin 10 Pin 41 
TTL Pin 9 Pin 42 

. 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 J3 Package Cl, L1 Package 

TTL Pin 40 Pin 10 
TTL Pin 39 Pin 11 
TTL Pin 38 Pin 12 
TTL Pin 37 Pin 13 
TTL Pin 36 Pin 14 
TTL Pin 35 Pin 15 
TTL Pin 34 Pin 16 
TTL Pin 33 Pin 17 
TTL Pin 32 Pin 18 
TTL Pin 31 Pin 19 
TTL Pin 30 Pin 20 
TTL Pin 29 Pin 21 
TTL Pin 28 Pin 22 
TTL Pin 27 Pin 23 
TTL Pin 26 Pin 24 
TTL Pin 25 Pin 25 

LSI Products Division 
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Data Outputs (Cont.) 

Name Function 

P15 
P14 
P13 
P12 
Pll 
PIO 
P9 
P8 
P7 
P6 
P5 
P4 
P3 
P2 
PI 
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 RND 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 

LSI Products Division 
TRW Electronic Components Group 

Value J3 Package Cl. L1 Package 

TIl Pin 24 Pin 27 
TIl Pin 23 Pin 2B 
TIl Pin 22 Pin 29 
TIl Pin 21 Pin 30 
TIl Pin 20 Pin 31 
TIl Pin 19 Pin 32 
TIl Pin lB Pin 33 
TIl Pin 17 Pin 34 
TIl Pin 16 Pin 35 
TIl Pin 15 Pin 36 
TIl Pin 14 Pin 37 
TIl Pin 13 Pin 38 
TIl Pin 12 Pin 39 
TIl Pin 11 Pin 40 
TIl Pin 10 Pin 41 
TIl Pin 9 Pin 42 

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 this control signal can be 
avoided by the use of normally lOW clocks. 

Value J3 Package C1. L1 Package 

TIl Pin 53 Pin 64 

TIl Pin B Pin 44 

TIl Pin 7 Pin 45 

TIl Pin 41 Pin 8 

G 81 



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 TRIL 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 (P141. If RS is HIGH when RND is 
HIGH, a one will be added to the 2- 15 bit 

Name Function 

RND Round Control Bit 

TCX X Input Two's Complement 

TCY Y Input Two's Complement 

FT Output Register Feedthrough 

RS Output Register Shift 

TRIM MSP Three-State Control 

TRIL LSP Three-State Control 

No Connects 

The contact and leaded versions of the TMC216H have four 
pins which are not connected internally. These should be left 
unconnected. 

Name Function 

NC No Connection 
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TCX, TCY 

(P151. 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 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 these control signals can be avoided by 
the use of normally LOW clocks. 

Value J3 Package C1, L 1 Package 

TIL Pin 52 Pin 65 

TIL Pin 51 Pin 66 
TIl Pin 50 Pin 67 

TIl Pin 44 Pin 5 

TIL Pin 43 Pin 6 

TIL Pin 42 Pin 7 

TIl Pin 6 Pin 46 

Value J3 Package C1, L 1 Packa{1e 

Open None Pins 9, 26, 43, 60 

LSI Products Division 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

SIGNAL 
~~+-4-~~_+-+~--r_~+-4--r-+_+~ 

DIGIT VALUE 

SIGNAL 
r_r-+-4--r~_+-+~--r_r-+-1--r-+-+~ 

DIGIT VALUE 

SIGNAL 
~~+-4-~~_+-+~--r_+-+-4--r-+_+~~--r-+-+-4--r-+-+~--r_r-+-1-4--r-; 

'--r-....L...--'---'----'----'-----1.---'--'--"'----'---'----'----'----'---t---''--.L-...I..--'---'----'----'-......... ---'--'--'''---....L...--'---'----'---' DIGIT VALUE IRS = 0 I 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

MSP 

Figure 3. Fractional Mixed Notation 

BINARY POINT 

SIGNAL (TWO'S COMPLEMENn 
r-r-+-1--r-r-+-+--t~r_r-+-;--r-r-+~ 

DIGIT VALUE 
'--r-~~~~~~~~~~~~~~~ 

SIGNAL (UNSIGNED MAGNITUDE) 
r-+-+-;--r-r-+-+~--r_+-+-4--r-+-+~ 

DIGIT VALUE 
~~~~~~~~~~~~~~~~~ 

LSP 

SIGNAL 
r-+-+-4-~~_+-+~--r_~+-4-~~-+-4~r-r-+-+-4--r-+-+-4--r-r-+-;-4--r-; 

'__~~....L---'-~-..i...----1.----l--'--.1-~....L--L:.~-+---l.~~~...I...-~~~~-.L---l.--L....-.1-...I....-....L-...J.......J----1 DIGIT VALUE IRS = 11 
MANDATORY 
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Figure 4. Integer Two's Complement Notation 
BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE RS = 0 

Po SIGNAL 

20 DIGIT VALUE RS = 1 

Figure 5. Integer Unsigned Magnitude Notation 

BINARY POINT 

Xo SIGNAL 

2° DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE I RS = 11 
MSP LSP MANDATORY 

Figure 6. Integer Mixed Mode Notation 

BINARY POINT 

Xo SIGNAL (TWO'S CDMPLEMENTI 

2° DIGIT VALUE 

Yo SIGNAL (UNSIGNED MAGNITUDE) 

20 DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE IRS = 11 
MSP LSP MANDATORY 
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Figure 7. Timing Diagram, Clocked Mode 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

THREE-STATE 
CONTROL 

OUTPUT 

~------------tMC----------~~ 

FtDls 

(HIGH IMPEDANCE) 

Figure 8. Timing Diagram, Unclocked Mode 

INPUT 

INPUT 
CLOCK 

~-----------------tMUC--------------~~~~ 

OUTPUT 

OUTPUT 

THREE-STATE 
CONTROL FtDls ~~tE=N~A~~=========== 
OUTPUT ~-----------------------------l (HIGH IMPEDANCE) 
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Figure 9. Equivalent Input Circuit Figure 10. Equivalent Output Circuit 
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Figure 11. Test Load Figure 12. Transition Levels For Three-State Measurements 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to (VOO +0.5VI 

Output 

Applied voltage .............................................................................................................................................................................................. -0.5 to (VOO +0.5Vl2 

Forced current ..................................................................................................................................................................................................... -1.0 to + 6.0mA 3,4 

Short-circuit duration (single output in high state to groundl .......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

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

lead, soldering (10 secondsl ..................................................................................................................................................................................................... 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 10 specified range, and measured with respect 10 GND. 

3. Forcing voltage must be limited 10 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 

tpWl Clock Pulse Width, lOW 25 30 ns 

tpWH Clock Pulse Width, HIGH 25 30 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 3 3 ns 

Vll Input Voltage, logic LOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, logic lOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 + 125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

'OOQ Supply Current, Quiescent VOO - MAX, V,N - OV 5 10 mA 
TRIM, TRIL - 5.0V 

IOOU Supply Current, Unloaded 1 VOO - MAX, F - 6.BMHz 70 70 mA 
TRIM, TRIL - 5.0V 

'DOL Supply Current, Loaded 1, 2 VOO - MAX, F - 6.BMHz lBO lBO mA 

TRIM, TRIL - OV 

Test Load: VlOAO - VOO MAX 
," 

I,L Input Current, Logic LOW VOO - MAX, V, - 0.4V 
X'N, Controls, Clocks -10 + 10 -10 +10 flA 

Y,N -75 +75 -75 +75 flA 

I'H Input Current, Logic HIGH VOO - MAX, V, - 2.4V 

X'N' Controls, Clocks -10 +10 -10 +10 flA 

Y,N -75 +75 -75 +75 flA 

" 

Input Current, Max Input Voltage VOO - MAX, V, - VOO +75 +75 flA 

VOL Output Voltage, Logic LOW VOO - MIN, 10L - MAX 0.4 0.4 V 

VOH Output Voltage, logic HIGH VOO - MIN, 10H - MAX 2.4 2.4 V 

'OlL Hi - l Output Leakage Current, Output LOW VOO - MAX, V, - O.4V -75 +75 -75 +75 flA 

'OZH Hi-Z Output Leakage Current, Output HIGH VOO - MAX, V, - 2.4V -75 +75 -75 +75 flA 

lOS Short- Circuit Output Current VOO - MAX, Output HIGH, one pin to ground, -80 -BO mA 
one second duration max 

C, Input Capacitance TA - 25°C, F - lMHz 10 10 pF 

Co Output Capacitance TA - 25°C, F - lMHz 10 10 pF 

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 Conditions Min Max Min Max Units 

tMC Multiply Time, Clocked VOO - MIN 145 185 ns 

tMUC Multiply Time, Unclocked VOO - MIN, Test load: VLOAO - 2.2V 185 230 ns 

to Output Delay VOO - MIN, Test load: VLOAO - 2.2V 40 45 ns 

tENA Three-State Output Enable Delay VOO - MIN, Test load: VLOAO - 1.5V 40 45 ns 

tOiS Three - State Output Oisable Oelay VOO - MIN, Test Load: VlOAO - 2.6V 40 45 ns 

for tOISO, O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for lOIS and lENA, which are shown in figure 12. 

2. IOlS1 denoles the transition from logical 1 to three-state. 
IOISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
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Application Notes 

Mixed Mode Muhiplication 

There are several applications in which mixed mode 
multiplication may be advantageous. For example, inputs to a 
digital signal processor are ohen 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 ohen be negative. As a result, 
either the unsigned magnitude data must be converted to 

Muhiplication 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: 

(6/81 X (2/81 = 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 productL However, these scale factors do have 

Register Shih (RS) 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 
(ClK PI is not required in this mode of operation. The 

LSI Products Division 
TRW Electronic Components Group 

two's complement notation (which requires an additional bitl, or 
the multiplier must be capable of mixed mode operation. The 
TMC216H provides this capability by independently specifying 
the mode of the multiplicand (XI and the multiplier (YI 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 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 (and input and 
output signals ohen 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 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 B. 

The TMC216H has a Register Shih IRSI control that permits ~ 
shihing 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 Ii.e. shihed leh one positionl, 
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 1 

G 90 

Product Temperature Range Screening Package Package 
Number Marking 

TMC216HJ3C STD - TA - ODC to 70DC Commercial 64 lead DIP 216HJ3C 

TMC216HJ3G STD - TA - ODC to 70DC Commercial With Burn-In 64 lead DIP 216HJ3G 

TMC216HJ3F EXT - TC - -55DC to 125DC Commercial 64 lead DIP 216HJ3F 

TMC216HJ3A EXT - T C - -55DC to 125DC High Reliability2 64 lead DIP 216HJ3A 

TMC216HC1C STD - TA - ODC to 70DC Commercial 68 Contact Chip Carrier 216HC1C 
TMC216HC1G STD - TA - ODC to 70DC Commercial With Burn-In 68 Contact Chip Carrier 216HC1G 

TMC216HC1F EXT - T C - -55DC to 125DC Commercial 68 Contact Chip Carrier 216HC1F 

TMC216HC1A EXT - TC - -55DC to 125DC Hig h Reliability 2 68 Contact Chip Carrier 216HC1A 

TMC216Hl1C STD - TA - ODC to 70DC Commercial 68 leaded Chip Carrier 216Hl1C 

TMC216Hl1G STD - TA - ODC to 70DC Commercial With Burn-In 68 leaded Chip Carrier 216HllG 
TMC216Hl1F EXT - T C - -55DC to 125DC Commercial 68 leaded Chip Carrier 216Hl1F 

TMC216Hl1A EXT - T C - -55DC to 125DC High Reliability 2 68 leaded Chip Carrier 216Hl1A 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

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. 

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

LSI Products Division 

Multiplier-accumulators perform the 
sum of products operation found in 
most digital signal processing 
algorithms. TRW LSI offers a family 
of multiplier-accumulators in a variety 
of word sizes (8, 12, 16 bits) and 
speeds (lOOns to 165ns multiply­
accumulate time). 

The multiplier-accumulator is an 
extension of the multiplier. The 
operation of addition/subtraction has 
been included, along with a feedback 
path for accumulation and a preload 
path for initializing the accumulator. 
With the accumulator adder embedded 
in the multiplier array, the product and 
sum are generated in only slightly more 
time. than is required to derive the 
product alone. Clearing the accumulator 
is accomplished simultaneously with 
computation of the first product, and 
the accumulator may be disabled for 
operation as a multiplier. All TRW 
multiplier-accumulators are TTL 
compatible, and have full precision 
outputs (except as noted), plus three 
extended bits. 

Multiplier-accumulators consist of three 
functional sections: an input section, 
the multiply-accumulate array, and the 
output section. The input section has 
two independently clocked n-bit input 
registers for the operands, comprised of 
positive-edge-triggered D-type 
flip-flops. Four mode controls 
(ACCumulate, SUBtract, RouND, and 
Two's Complement) are also 
registered. 

TRW Electronic Components Group 

The multiply-accumulate array is an 
asynchronous group of AND gates and 
adders which generates the product of 
the two input operands and, if desired, 
adds or subtracts the current contents 
of the product register (the result of the 
previous calculation). The ACCumulate 
control (ACC) determines whether the 
feedback path from the product register 
to the multiply-accumulate array is 
enabled. The SUBtract control (SUB) 
determines whether to add or subtract 
the product register contents from the 
new product. The input operands may 
be interpreted as two's complement or 
unsigned magnitude. User selectable 
rounding is available. 

The output section includes the product 
registers and the three-state output 
ports. The product register receives the 
accumulated result from the multiply­
accumulate array. Accumulation can 
generate word growth; in addition to 
the n-bit Most Significant Product 
(MSP) and the Least Significant 
Product (LSP), there is an additional 
three bits of eXTended Product (XTP) 
in the product register. The output pins 
are bidirectional ports through which 
the product register may be preloaded 
by coordinating the PRELoad control 
(PREL) with the three-state controls. 

Bipolar Multiplier·Accumulators 
The TDC 1008, TDC 1009, TDC 10 1 0 
(8, 12 and 16 bits, respectively) and 
the TDC 1043 (16 bits) are triple­
diffused bipolar devices. The TDCI043 
is similar to the TDClOlO; however, 
there is no preload function, and the 
LSP, though internally used, is not 
output. 

H3 
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CMOS Multiplier-Accumulators 
The TMC2009 (l2-bit) and the 
TMC2010 (l6-bit) devices are pin and 
function compatible with the TDClO09 
and the TDClOlO, respectively_ They 
are fabricated using a two-micron 
CMOS process and operate at 
comparable speeds with reduced power 
consumption as compared to the bipolar 

Power 

devices. The TMC21 10 (l6-bit) 
multiplier-accumulator is fabricated 
using OMICRON-C\ TRW's state-of­
the-art one-micron CMOS process. It is 
pin and function compatible with the 
industry standard TDClOlO, yet 
operates at more than 50 % greater 
speed. 

Multiplication Dissipation 2 
Product Size TIme 1 (ns) (Watts) Package Notes 

TDC1008 BxB 100 2.4 J4, Cl, Ll 

TDC1009 12x12 135 3.9 Jl, Cl, Ll 

TDC10l0 16x16 165 5.B Jl, Cl, Ll 

TDC1043 16x16 100 1.2 J3, Cl, Ll 19-Bit Output 

TMC2009 12x12 135 .32 J3, C1, Ll CMOS 

TMC2010 16x16 160 .32 J3, Cl, L1 CMOS 

TMC2110 16x16 100 .53 J3, Cl, Ll CMOS 

Notes: 
1. Guaranteed, Worst Case, T A - O°C to 70DC. 

2. Bipolar: Worst Case, T A - ODC to 70DC. 
CMOS: All inputs toggling at MAX clock rate, unloaded. T A - DoC to 70°C. 
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VLSI Multiplier - Accumulator 
8 X 8 bit, lOOns 

The TOC1008 is a high -speed 8 x 8 bit parallel 
multiplier-accumulator which operates at a 100 nanosecond 
cycle time (10MHz multiply-accumulate ratel. 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 provided to 
maximize system throughput and simplify bus interfacing. These 
registers are positive - edge - triggered 0 - type flip - flops. The 
result is divided into a 3 - bit eXTended Product (XTPI, an 
8-bit Most Significant Product (MSPI, and an 8-bit Least 
Significant Product (LSPI. Individual three-state output ports 
are provided for the XTP, LSP and MSP. The output register 
can be preloaded directly via the output ports. 

Built with TRW's 2-micron bipolar process, the TOC1008 is a 
uniquely powerful LSI signal processing device. 

Features 

• 1 DOns Multiply - Accumulate Time (Worst Casel 

Functional Block Diagram 

XIN 
(X7 _ 0) '------,f------./ I 

ClKX 

YIN 
(Y7-0) '--.....---+--'1/ 

ClKy >-____ -------' 

LS I Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 8 x 8 Bit Parallel Multiplication With Accumulation To 19 - Bit 
Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Preloading 

• All Inputs And Outputs Are Registered TIL Compatible 

• Three - State Outputs 
• Two's Complement Or Unsigned Magnitude Operation 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• Available In 48 Lead Ceramic DIP, 68 Contact Chip Carrier, 
Or Leaded Chip Carrier 

Applications 

o Array Processors 

• Video Processors 
o Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

TSX 

Phone: (6191 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 

ClK P 

:.........-+"""'" MSPOUT 
(PI5-B) 

TSl 

©TRW Inc. 1985 
40G01343 Rev. B-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

TSX 
XIN 
(X7-01 '-----,f-~"I 

ClKX >-+-------1 

ACC. SUB '"""=~+=-==:>I RND. TC ..... 
:"oor-~A MSPDUT 

(P1S-BI 

YIN lSPDUT 
(Y7-01 (P7-DI 

ClKy 
ClK P TSl 

Pin Assignments 

~~~~~~~~~~~MN_Q~~ 
zzzz~~»»»»>zz 

~mffi~~~~~~~~~~~~~3 

P12 1 [gJ I '----/ 48 P13 
Pll 2 47 P14 NC 61 4J NC 
PlO 3 46 P15 NC 62 42 NC 
P9 4 45 P16 P18 63 41 CLK Y 
P8 5 44 P17 P17 64 40 CLK X 

TSM 6 4J P18 P16 65 39 X7 CLK P 7 42 TSX 
PREL 8 41 TC P15 66 38 X6 

II 

P7 I' 40 Y7 P14 67 37 X5 9 
I 

P6 10 'Ir 39 Y6 P13 68 36 ~ 
P5 11 ~ 38 Y5 P12 1 35 X3 

GND 12 I: 37 VCC Pll 2 34 X2 
P4 13 II, 36 Y4 PlO 3 33 Xl 

!I 
P3 14 Iii 

II 
35 Y3 P9 4 32 Xo 

P2 15 34 Y2 P8 5 31 RND 
Pl 16 33 Yl TSM 6 30 ACC 
Po 17 32 Yo NC 7 29 SUB 

TSL 18 31 CLK Y NC 8 28 NC 
SUB 19 I 30 CLK X 

NC 9 27 NC 
ACC 20 29 X7 
RND 21 28 X6 

Xo 22 27 X5 ~=~~~~~~~~~N~~~~~ 

Xl 23 26 X4 ~~~~~~~~~~~~~~~~~ 
X2 24 25 X3 

:S8: ~ ~ 
~ 

48 Lead DIP - J4 Package 68 Contact Or Leaded Chip Carrier - C1, L 1 Package 

LSI Products Division 
H6 TRW Electronic Components Group 



TDC1008 

Functional Description 

General Information 

The TOel008 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 complement or 
unsigned magnitude), output rounding, accumulation, 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 output registers 
can be preloaded with a constant to provide the sum of 

Power 

The TDC1008 operates from a single +5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

Data Inputs 

The TDC1008 has two 8-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits (MSBs), denoted X7 and Y7, carry the sign information for 
the two's complement notation. The remaining bits are denoted 
Xo through XB and YO through YB Iwith Xo and YO the Least 
Significant Bits!. Data present at the X and Y inputs are 

Name Function 

X7 X Data MSB 

Xs 
X5 

X4 

X3 

X2 

Xl 

Xc X Data LSB 

Y7 Y Data MSB 

Y6 

Y5 

Y4 

Y3 
Y2 

Yl 

YO Y Data LSB 

LSI Products Division 
TRW Electronic Components Group 

--~II_. 

o OUrJlr:J 

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 (XTPL 
Three-state output drivers permit the TDC1008 to be used on 
a bus, or allow the outputs to be multiplexed over the same 
8-bit output lines. 

Value J4 Package Cl, L1 Package 

+5.0V Pin 37 Pin 51 
O.OV Pin 12 Pin 18 

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 J4 Package Cl, LI Package 

TTL Pin 29 Pin 39 

TTL Pin 28 Pin 38 

TTL Pin 27 Pin 37 

TTL Pin 26 Pin 36 

TTL Pin 25 Pin 35 

TTL Pin 24 Pin 34 

TTL Pin 23 Pin 33 

TTL Pin 22 Pin 32 

TTL Pin 40 Pin 54 

TTL Pin 39 Pin 53 

TTL Pin 38 Pin 52 

TTL Pin 36 Pin 50 

TTL Pin 35 Pin 49 

TTL Pin 34 Pin 48 

TTL Pin 33 Pin 47 

TTL Pin 32 Pin 46 
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Data Outputs 

The TDC1008 has a 19-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 8-bit output 
words, the Most Significant Product (MSPI and least 
Significant Product (lSPI, and one 3 - bit output word, the 

Name Function 

P18 Product MSB 

P17 

P16 

P15 

P14 

P13 

P12 
Pll 

PIO 

P9 
P8 
P7 

P6 

P5 
P4 

P3 
P2 

PI 

Po Product lSB 

Clocks 

The TOC1008 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 is loaded into the registers at the 
rising edge of the appropriate clock. The RouND (ANDI, Two's 
Complement (TCI, ACCumulate (ACCI, and SUBtract (SUBI 
inputs are registered, with all four bits clocked in at the rising 

Name Function 

ClK X Clock Input Data X 

ClK Y Clock Input Data Y 
ClK P Clock Product Register 

H8 

eXTended Product (XTPI. The Most Significant Bit (MSBI 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 J4 Package C1. L 1 Package 

TIL Pin 43 Pin 63 

TIL Pin 44 Pin 64 

TTL Pin 45 Pin 65 

TTL Pin 46 Pin 66 

TIL Pin 47 Pin 67 

TIL Pin 48 Pin 68 

TIL Pin 1 Pin 1 

TIL Pin 2 Pin 2 

TIL Pin 3 Pin 3 

TIL Pin 4 Pin 4 
TIL Pin 5 Pin 5 

TIL Pin 9 Pin 15 
TTL Pin 10 Pin 16 

TIL Pin 11 Pin 17 
TIL Pin 13 Pin 19 

TTL Pin 14 Pin 20 
TTl Pin 15 Pin 21 

TIL Pin 16 Pin 22 
TTL Pin 17 Pin 23 

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 the loading of these four 
control signals can be avoided by the use of normally lOW 
clocks. 

Value J4 Package Cl, LI Package 

TTL Pin 30 Pin 40 

TIL Pin 31 Pin 41 

TTL Pin 7 Pin 12 

LSI Products Division 
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Controls 

The TDC1008 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, and PREload is lOW. 

PREload (PREll 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 (TSX, TSM, 
TSU, and to the data being preloaded. These setup and hold 
times are with respect to the rising edge of ClK P. 

RouND (AND) controls the addition of a 1 to the MSB of the 
lSP for rounding. When RND 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 it. 

Two's Complement (TC) 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. 

Name Function 

TSX XTP Three-State Control 
TSM MSP Three-State Control 
TSL LSP Three-State Control 
PREL Preload Control 

RND Round Control Bit 
TC Two's Complement Control 
ACC Accumulate Control 
SUB Subtract Control 

LSI Products Division 
TRW Electronic Components Group 
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When ACCumulate (ACC) is HIGH, the content of the output 
register is added to or subtracted from the next product 
generated, and their sum is stored back into the output 
registers at the next rising edge of elK 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 
avoid a separate "clear" operation. 

The SUBtract (SUB) 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. 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits 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 the loading of these four control signals can be avoided 
by the use of normally lOW clocks. 

Value J4 Package el, LI Package 

TTl Pin 42 Pin 56 
TTl Pin 6 Pin 6 

TTl Pin 18 Pin 24 

TTl Pin 8 Pin 13 

TTl Pin 21 Pin 31 ,. 
TTl Pin 41 Pin 55 
TTl Pin 20 Pin 30 
TIL Pin 19 Pin 29 
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Preload Truth Table 1 

PREL' TSX' TSM' TSL' 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 1 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: 
,. PREL, TSX, TSM, and TSL are not registered. 

2. PREL Hi inhibits any change of output register for those outputs in which the three -state control is LOW. 

LSI Products Division 
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Figure 1. Fractional Two's Complement Notation 
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Figure 3. Integer Two's Complement Notation 
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Figure 4. Integer Unsigned Magnitude Notation 
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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.OmA 

Output 

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

Forced current ..................................................................................................................................................................................................... -1.0 to +6.OmA3,4 

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, 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 

VCC SupplV Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpw Clock Pulse Width 25 30 ns 

ts Input Setup Time (Except PREU 25 30 ns 

ts Input Setup Time (PRELl 40 45 ns 

tH Input Hold Time 0 3 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 IJA 

TA Ambient Temperature, Still Air 0 70 °c 
TC Case Temperature -55 +125 °c 

LSI Products Division 
H 12 TAW Electronic Components Group 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current Vec - MAX, Static 1 450 525 mA 

',l Input Current, logic lOW VCC - MAX, V, - 0.4V 
Data, Registered Controls -0.4 -0.4 mA 
Clocks, Unregistered Controls -1.0 -1.0 mA 

ClK P -2.0 -2.0 mA 

"H Input Current, logic HIGH VCC - MAX, V, - 2.4V 
Data, Registered Controls 75 100 /LA 
Clocks, Unregistered Controls 75 100 /LA 
ClK P 150 200 /LA 

, I, Input Current, Max Input Voltage VCC - MAX, V, - 5.5 1.0 1.0 mA 

VOL Output Voltage, logic lOW VCC - MIN, 10l - MAX 0.5 0.5 V 

VOH Output Voltage, logic HIGH VCC - MIN, 10H = MAX 2.4 2.4 V 

'Oll Hi-l Output leakage Current, Output lOW VCC - MAX, V, = O.4V -400 -400 /LA 

10ZH Hi-l Output leakage Current, Output HIGH VCC - MAX, V, - 2.4V 75 100 /LA 

lOS Short-Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -50 -50 mA 
one second duration 

C, Input Capacitance TA - 25°C, F = lMHz 10 10 pF 

Co Output Capacitance TA = 25°C, F - lMHz 10 10 pF 

Note: 
1. Worst case, all inputs and outputs lOW. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

tMA Multiply-Accumulate Time Vec - MIN 100 125 ns 

to Output Delay Vec - MIN, Test load: VLOAO - 2.2V 40 45 ns 

tENA Three - State Output Enable Delay Vec - MIN, Test load: VloAO - 1.8V 40 45 ns 

tOIS Three-State Output Disable Delay Vec - MIN, Test load: VLOAD - 2.6V 40 45 ns 

for tDISO, O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tDIS and tENA, which are shown in Figure 9. 

2. tDISl denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
TRW Electronic Components Group H 13 
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Figure 5. Timing Diagram 
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Figure 6. Equivalent Input 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 desired register 
not be loaded again until a new constant is desired. The 

Selection of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the TO C1 008 does not differentiate between this 
operation: 

6 X 2 = 12 
and this operation: 

16/81 X 12/81 = 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 

Ordering Information 

Product Temperature Range 
Number 

TDC1008J4C STD-T A - O°C to 70°C 
TDC1008J4G STD-T A - O°C to 70°C 
TDC1008J4F EXT - T C - -55°C to 125°C 

TDC1008J4A EXT - TC - -55°C to 125°C 

TDC1008C1F EXT - TC - -55°C to 125°C 
TDC1008C1A EXT-TC - -55°C to 125°C 

TDC100811F 1 EXT - TC - -55°C to 125°C 
TDC100811A 1 EXT-TC - -55°C to 125°C 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z1757. 

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 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 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 

Commercial 48 lead DIP 1008J4C 

Commercial With Burn-In 48 lead DIP 1008J4G 

Commercial 48 lead DIP 1008J4F 

High Reliability 2 48 lead DIP 1008J4A 

Commercial 68 Contact Chip Carrier 1008C1F 

High Reliability 2 68 Contact Chip Carrier 1008C1A 

Commercial 68 leaded Chip Carrier 100811F 
High Reliability 2 68 leaded Chip Carrier 100Bl1A 

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. 

LSI Products Division 
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VLSI Multiplier-Accumulator 
12 X 12 bit, 135ns 

The TOC1009 is a high-speed 12 x 12 bit parallel 
multiplier-accumulator which operates at a 135 nanosecond 
cycle time 17.4MHz multiply-accumulate ratel. 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 IXTP), a 
12-bit Most Significant Product IMSP), and a 12-bit Least 
Significant Product ILSPI. 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 bipolar process, the TOC1009 is a 
uniquely powerful LSI signal processing device. 

Features 

• 135ns Multiply-Accumulate Time IWorst Case) 

Functional Block Diagram 

XIN 
(X,,-ol 

ClK x 

ACC,SUB 
RND.TC 

YIN 
(Y 11-0) '--"T':'""lf--~ 

ClK Y >-..... ---..... 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 12 x 12 Bit Parallel Multiplication With Accumulation To 
27 - Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Preloading 

• All Inputs And Outputs Are Registered TIL Compatible 

• Three - State Output 
• Two's Complement Or Unsigned Magnitude Operation 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier, 
Or 68 Leaded Chip Carrier 

Applications 

• Array Processors 

• Video Processors 

• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

Phone: 16191 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

ClK P 

XTPOUT 
(PZ6-Z.v 

MSPOUT 
(PZ3-1Z) 

LSPOUT 
(P11-0) 

©TRW Inc. 1985 
40G01345 Rev. B-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

XIN 
IX11-o) '--~-""'I 

ClK x >-___ ----' 

ACC.SUB """=:;::;i::::::>1 
RND.TC ... 

YIN 
1Y11-o) '--~~...., I 

ClK Y ).-~----' 

Pin Assignments 

H 18 

><.,1 
X3 2 
X2 3 
X1 4 
Xo 5 

ACC 6 
SUB 7 
RND & 
TSl 9 

Po 10 
P1 11 
P2 12 
P3 13 
P4 14 
P5 15 

GND 16 
P6 17 
~ 1& 
p& 19 
P9 20 

P10 21 
P11 22 

ClK P 23 
PREl 24 
TSM 25 
P12 26 
P13 27 
P14 2& 
P15 29 
P16 3D 
P17 31 
P1& 32 

64 Lead DIP - J1 Package 

ClK P 

64 X5 
63 X6 
62 X7 
61 X& 
60 X9 
59 X10 
58 X11 
57 ClK X 
56 ClK V 
55 Vo 
54 V1 
53 V2 
52 V3 
51 V4 
50 V5 
49 VCC 
48 V6 
47 V7 
46 V& 
45 V9 
44 V10 
43 V11 
42 TC 
41 TSX 
40 P26 
39 P25 
38 P24 
37 P23 
36 P22 
35 P21 
34 P20 
33 P19 

TSl 

LSI Products Division 
TRW Electronic Components Group 
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Pin Assignments 

ClK Y 81 
Yo 82 
Y1 83 
Y2 84 
Y3 65 
Y4 66 
Y5 67 

VCC 68 
NC 1 

Vce 2 
Y6 3 
Y7 4 
YB 5 
Y9 6 

Y1D 7 
Y11 B 
TC 9 

43 Po 
42 P1 
41 P2 
40 P3 
39 P4 
38 P5 
37 GND 
36 GND 
35 P6 
34 GND 
33 ~ 
32 PB 
31 P9 
30 P10 
29 P11 
2B ClK P 
27 PREl 

68 Contact or Leaded Chip Carrier - C1, L 1 Package 

Functional Description 

General Information 

The TOC1009 consists of four functional sections: Input 
registers, an asynchronous multiplier array, an adder, and 
output registers. The input registers store the two 12-bit 
numbers which are to be multiplied, and the control lines 
which control the input numerical format (two's complement or 
unsigned magnitudel, output rounding, accumulation, 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 output registers 
can be preloaded with a constant to provide the sum of 

Power 

The TOC1009 operates from a single + 5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

lSI Products Division 
TRW Electronic Components Group 

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 (MSPl, the 
Least Significant Product (LSPl, and the eXTended Product 
(XTPL Three-state output drivers permit the TDC1009 to be 
used on a bus, or allow the outputs to be multiplexed over 
the same 12 - bit output lines. 

Value J1 Package C1, LI Package 

+5.0V Pin 49 Pins 68, 2 

O.OV Pin 16 Pins 34, 36, 37 

H 19 
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Data Inputs 

The TOC1009 has two 12-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits (MSBs), denoted X 11 and Y", carry the sign information 
for the two's complement notation. The remaining bits are 
denoted Xo through XlO and YO through YlO (with Xo and YO 
the Least Significant Bits!. Data present at the X and Y inputs 

Name Function 

Xll X Data MSB 

XlO 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

Xl 

Xo X Data LSB 

Yll Y Data MSB 

YlO 

Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 

YO Y Data LSB 

Data Outputs 

The TDC1009 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. The output is divided into two 12 - bit output 
words, the Most Significant Product (MSPI and Least 
Significant Product (LSPI, and one 3 -bit output word, the 

Name Function 

P26 Product MSB 

P25 

P24 

P23 

P22 

P21 

H 20 

are 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 J1 Package C1, LI Package 

TTL Pin 58 Pin 59 

TTL Pin 59 Pin 58 

TTL Pin 60 Pin 57 

TTL Pin 61 Pin 56 

TTL Pin 62 Pin 55 
TTL Pin 63 Pin 54 

TTL Pin 64 Pin 53 

TTL Pin 1 Pin 52 

TTL Pin 2 Pin 51 

TTL Pin 3 Pin 50 

TTL Pin 4 Pin 49 

TTL Pin 5 Pin 48 

TTL Pin 43 Pin 8 

TTL Pin 44 Pin 7 

TTL Pin 45 Pin 6 

TTL Pin 46 Pin 5 

TTL Pin 47 Pin 4 

TTL Pin 48 Pin 3 

TTL Pin 50 Pin 67 

TTL Pin 51 Pin 66 

TTL Pin 52 Pin 65 

TTL Pin 53 Pin 64 

TTL Pin 54 Pin 63 

TTL Pin 55 Pin 62 

eXTended Product IXTP!. The Most Significant Bit IMSBI of the 
MSP 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 J1 Package C1, LI Package 

TTL Pin 40 Pin 11 

TTL Pin 39 Pin 12 

TTL Pin 38 Pin 13 

TTL Pin 37 Pin 14 

TTL Pin 36 Pin 15 

TTL Pin 35 Pin 16 

lSI Products Division 
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Data Outputs (Cont.) 

Name Function 

P20 

P19 

P18 
P17 

P16 

P15 
P14 

P13 

P12 

P11 
PlO 
P9 

P8 

P7 

P6 

P5 

P4 

P3 

P2 

P1 

Po Product lSB 

Clocks 

The TDC1009 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 is loaded into the registers at the 
rising edge of the appropriate clock. The RouND lAND), Two's 
Complement (TC), ACCumulate (ACC), and SUBtract (SUB) 

Name Function 

ClK X Clock Input Data X 

ClK Y Clock Input Data Y 

ClK P Clock Product Register 

Controls 

The TDC1009 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 (PRELl is an active - HIGH control which has several 
effects when active (see Table 1), 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 

LSI Products Division 
TRW Electronic Components Group 

Value Jl Package Cl, LI Package 

TIL Pin 34 Pin 17 

TIL Pin 33 Pin 18 

TIL Pin 32 Pin 19 

TIL Pin 31 Pin 20 

TTL Pin 30 Pin 21 

TIL Pin 29 Pin 22 

TIL Pin 28 Pin 23 

TIL Pin 27 Pin 24 

TIL Pin 26 Pin 25 

TIL Pin 22 Pin 29 

TTL Pin 21 Pin 30 

TTL Pin 20 Pin 31 

TIL Pin 19 Pin 32 

TIL Pin 18 Pin 33 

TTL Pin 17 Pin 35 

TTL Pin 15 Pin 38 

TTL Pin 14 Pin 39 

TTL Pin 13 Pin 40 

TTL Pin 12 Pin 41 

TTL Pin 11 Pin 42 

TTL Pin 10 Pin 43 

inputs are registered, with all four bits 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 the loading of these four 
control signals can be avoided by the use of normally lOW 
clocks. 

Value Jl Package Cl, LI Package 

TTL Pin 57 Pin 60 

TTL Pin 56 Pin 61 

TTL Pin 23 Pin 28 

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 (TSX, TSM, 
TSU, and to the data being preloaded. These setup and hold 
times are with respect to the rising edge of ClK P. 

H 21 
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Controls (Cant.) 

RouND !AND! controls the addition of a 1 to the MSB of the 
lSP for rounding. When RND is HIGH, a 1 is added to the 
MSB of the lSP for rounding the product in the MSP and 
XTP lif appropriatel rather than truncating it. 

Two's Complement ITCI 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 their sum 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. 

Name Function 

TSX XTP Three - State Control 

TSM MSP Three-State Control 

TSl lSP Three - State Control 

PREl Preload Control 

RND Round Control Bit 

TC Two's Complement Control 

ACC Accumulate Control 

SUB Subtract Control 

Preload Truth Table 1 

PREL' TSX' TSM' TSL' 

This operation is used for the first term in a summation to 
avoid a separate "clear" operation. 

The SUBtract ISUBI 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. 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits 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 the loading of these four control signals can be avoided 
by the use of normally lOW clocks. 

Value J1 Package C1, LI Package 

TTl Pin 4' Pin 10 

TTl Pin 25 Pin 26 

TTl Pin 9 Pin 44 

TTl Pin 2 Pin 27 

TTl Pin 8 Pin 45 

TTl Pin 42 Pin 9 

TTl Pin 6 Pin 47 

TTl Pin 7 Pin 46 

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 
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 Hi inhibits any change of output register for those outputs in which the three -state control is LOW. 

lSI Products Division 
H 22 TRW Electronic Components Group 



TDC1009 

Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 
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Figure 3. Integer Two's Complement Notation 
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Figure 4. Integer Unsigned Magnitude Notation 
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Absolute maximum ratings (beyond which the device will be damaged) 1 

Supply Vohage ........................................................................................................................................................................................................................................ -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 ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

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

Temperature 

Operating, case ................................................................................................................................... ;...................................................................... - 55 to + 125DC 

junction ....................................................................................................................................................................................................................... 175DC 

Lead, soldering (10 seconds) ..................................................................................................................................................................................................... 300DC 

Storage ........................................................................................................................................................................................................................ -65 to + 150DC 

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 

VCC Supply voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpw Clock Pulse Width 25 30 ns 

ts Input Setup Time (Except PREU 25 30 ns 

ts Input Setup Time (PRELl 40 45 ns 

tH Input Hold Time 0 3 ns 

VIL Input Voltage, Logic LOW O.B O.B V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOl Output Current, logic lOW 4.0 4.0 rnA 

IOH Output Current, logic HIGH -400 -400 f.1A 

TA Ambient Temperature, Still Air 0 70 DC 

Tc Case Temperature -55 + 125 DC 

LSI Products Division 
H 24 TRW Electronic Components Group 



TDC1009 

Electrical characteristics within specified operating conditions 

Temperature Range 

Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current Vcc - MAX, Static 1 750 850 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.4V 

XIN, YIN, RND, ACC, SUB, TC -0.4 -0.4 

CLK Y, P, PREL -2.0 -2.0 

CLK X, TSL, TSM, TSX -1.0 -1.0 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 

XIN, YIN, R~D, ACC, SUB, TC 75 100 

CLK Y, P, PREL 150 200 

CLK X, TSL, TSM, TSX 75 100 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 

VOL Output Voltage, Logic LOW VCC - MIN, 10L - MAX 0.5 0.5 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 

10ZL Hi-Z Output Leakage Current, Output LOW VCC - MAX, VI - 0.4V -400 -400 

10ZH Hi-Z Output Leakage Current, Output HIGH VCC - MAX, VI - 2.4V 75 100 

lOS Short- Circuit Output Current VCC - MAX, output HIGH, one pin to ground, -50 -50 

one second duration 

CI Input Capacitance TA - 25°C, F - lMHz 10 10 

Co Output Capacitance TA - 25°C, F - lMHz 10 10 

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

Switching characteristics within specified operating conditions 

Temperature Range 

Standard Extended 

Parameter Test Conditions Min Max Min Max 

tMA Multiply-Accumulate Time Vee - MIN 135 170 

tD Output Delay Vee - MIN, Test Load: VLOAD - 2.2V 40 45 

tENA Three-State Output Enable Delay Vee - MIN, Test Load: VLOAD - 1.8V 40 45 

tOlS Three-State Output Disable Delay Vee - MIN, Test Load: VLOAD - 2.6V 40 45 

for tDlSO' O.OV for tDlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in Figure 7. 
2. tOISl denotes the transition from logical 1 to three-state. 

tOISO denotes the transition from logical a to three-state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

mA 

mA 

mA 

mA 

IJ.A 

IJ.A 

IJ.A 

mA 

V 

V 

IJ.A 

IJ.A 

mA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 

H 25 



TDC1009 

Figure 5. Timing Diagram 
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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 desired register 
not be loaded again until a new constant is desired. The 

Selection of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the TDC1009 does not differentiate between this 
operation: 

B X 2 = 12 
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 

Ordering Information 

Product Temperature Range 
Number 

TDC1009J1C STD- TA - O°C to lO°C 

TDC1009J1G STD-T A - O°C to lO°C 

TDC1009J1F EXT - TC - -55°C to 125°C 
TDC1009J1A EXT - TC - -55°C to 125°C 

TDC1009C1F EXT-TC - -55°C to 125°C 

TDC1009C1A EXT - T C - -55°C to 125°C 

TDC100911F 1 EXT - TC - -55°C to 125°C 
TDC100911A 1 EXT - TC - -55°C 10 125°C 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z1757. 

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 (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. 

Screening Package Package 
Marking 

Commercial 64 lead DIP 1009J1C 

Commercial With Burn-In 64 lead DIP 1009J1G 

Commercial 64 lead DIP 1009J1F 

High Reliability 2 64 lead DIP 1009J1A 

Commercial 68 Contact Chip Carrier 1009C1F 

High Reliability 2 68 Contact Chip Carrier 1009C1A 

Commercial 68 leaded Chip Carrier 100911F 

High Reliabilily2 68 leaded Chip Carrier 100911A 

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. 

LSI Products Division 
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VLSI Multiplier - Accumulator 
16 X 16 bit, 165ns 

The ToCl0l0 is a high-speed 16 x 16 bit parallel 
multiplier-accumulator which operates at a 165 nanosecond 
cycle time I6MHz multiply-accumulate rateL The input data 
may be specified as two's complement or unsigned magnitude, 
yielding a full-precision 32 - bit product. Products may be 
accumulated to a 35 - bit result. 

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 
result is divided into a 3 - bit eXTended Product (XTPI, a 
16-bit Most Significant Product (MSPI, and a 16-bit Least 
Significant Product (LSPL Individual three-state output ports 
are provided for the XTP and the MSP; the LSP is multiplexed 
with the Y input. The output register can be preloaded directly 
via the output ports. 

Built with TRW's 2 - micron bipolar process, the ToCl 01 0 is a 
uniquely powerful LSI signal processing device. 

Functional Block Diagram 

X1N 
IXI5- XOI '----1'----./ 

elK x >-..-___ ---J 

YIN/lSPOUT 
IY 15-Yo/PI5- PO' 

elK Y 

LSI Products Division 
TRW Electronic Components Group 
P.o. Box 2472 
La Jolla, CA 92038 

Features 

• 165ns Multiply-Accumulate Time (Worst Casel 

• 16 x 16 Bit Parallel Multiplication With Accumulation to 
35 - Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Pre loading 

• All Inputs And Outputs Are Registered TIL Compatible 

• Three-State Outputs 

• Two's Complement Or Unsigned Magnitude Operation 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or 
68 Leaded Chip Carrier 

Applications 

• Array Processors 

• Video Processors 

• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

TSl 

Phone: 1619) 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 

PREl 

elK P 

TSX 

©TRW Inc. 1985 
40G01321 Rev. 8-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

XIN 
(XI5- XOI '---,{-----..,V' 

eLK x 

YINfLSPOUT 
(YI5-YOfPI5-POI 

CLK Y 

Pin Assignments 

H 30 

TSL 

x6 1 64 

X5 2 63 
X4 3 62 
X3 4 61 
X2 5 60 
X, 6 59 
Xo 7 58 

Po·Yo 0 57 
P,.Y, 9 56 
P2.Y2 10 55 
P3.Y3 11 54 
P4.Y4 12 53 
P5.Y5 13 52 
P6.Y6 14 51 
P7.Y7 15 50 
GND 16 49 

Po.Yo 17 4B 
P9.Y9 10 47 

P,0.Y1O 19 46 
P".Y11 20 45 
P,2'Y,2 21 44 
P,3.Y,3 22 43 
P,4'Y,4 23 42 
P,5'Y,5 24 41 

P'6 25 40 
P17 26 39 

P'0 27 30 

P'9 20 37 
P20 29 36 
P21 30 35 
P22 31 J4 
P23 32 33 

64 Lead DIP - Jl Package 

PREL TSX 

CLK P 

X7 
Xo 
X9 
X10 
X11 
X,2 
X,3 
X,4 
X,5 
TSL 
RND 
SUB 
ACC 
CLK X 
CLK Y 
VCC 
TC 
TSX 
PREl 
TSM 
ClK P 
PJ4 
PJJ 
P32 . 
P31 
P30 
P29 
P20 
P27 
P26 
P25 
P24 
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Pin Assignments 

Pl'Yl 61 
PO,YO 62 

Xo 63 
Xl 64 
X2 65 
X3 66 
X4 67 
X5 68 
X6 1 
X7 2 
X8 3 
X9 4 

Xl0 5 
X11 6 
X12 7 
X13 8 
X14 9 

43 P17 
42 P18 
41 P19 
40 P20 
39 P21 
38 P22 
37 P23 
36 P24 
35 P25 
34 P26 
33 P27 
32 P28 
31 P29 
30 P30 
29 P31 
28 P32 
27 P33 

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

Functional Description 

General Information 

The TDC10l0 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 magnitudel, output rounding, 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 TDC1010 operates from a single +5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

Vee Positive Supply Voltage 

GNO Ground 

LSI Products Division 
TRW Electronic Components Group 

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 16 - bit words 
and one 3-bit word: the Most Significant Product (MSPI, the 
Least Significant Product (LSPI, and the eXTended Product 
(XTPI. Three-state output drivers permit the TDC10l0 to be 
used on· a bus, or allow the outputs to be multiplexed over 
the same 16 - bit output lines. The Least Significant Product 
(LSPI is multiplexed with the Y input. 

Value Jl Package Cl. LI Package 

+5.0V Pin 49 Pins 17, 18, 19, 20 

O.OV Pin 16 Pins 53, 54 

H 31 
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Data Inputs 

The TOe1 01 0 has two 16 - bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBs), denoted X 15 and Y 15, carry the sign information 
for the two's complement notation. The remaining bits are 
denoted X14 through Xo and Y14 through YO Iwith Xo and YO 
the Least Significant Bits!. Data present at the X and Y inputs 

Name Function 

X15 'X Data MSB 

X14 

X13 

X12 

Xll 

XIO 

Xg 
X8 

X7 

X6 

X5 

X4 

X3 

X2 

Xl 

Xo X Data lSB 

Y15 Y Data MSB 

Y14 

Y13 

Y12 

Yl1 

YIO 

Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Yl 

YO Y Data lSB 

H 32 

are 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 J1 Package C1, LI Package 

TTL Pin 56 Pin 10 

TTL Pin 57 Pin 9 

TTL Pin 58 Pin 8 

TTL Pin 59 Pin 7 

TTL Pin 60 Pin 6 

TTL Pin 61 Pin 5 

TTL Pin 62 Pin 4 

TTL Pin 63 Pin 3 

TTL Pin 64 Pin 2 

TTL Pin 1 Pin 1 

TTL Pin 2 Pin 68 

TTL Pin 3 Pin 67 

TTL Pin 4 Pin 66 

TTL Pin 5 Pin 65 

TTL Pin 6 Pin 64 

TTL Pin 7 Pin 63 

TTL Pin 24 Pin 45 

TTL Pin 23 Pin 46 

TTL Pin 22 Pin 47 

TTL Pin 21 Pin 48 

TTL Pin 20 Pin 49 

TTL Pin 19 Pin 50 

TTL Pin 18 Pin 51 

TTL Pin 17 Pin 52 

TTL Pin 15 Pin 55 

TTL Pin 14 Pin 56 

TTL Pin 13 Pin 57 

TTL Pin 12 Pin 58 

TTL Pin 11 Pin 59 

TTL Pin 10 Pin 60 

TTl Pin 9 Pin 61 

TTL Pin 8 Pin 62 

LSI Products Division 
TRW Electronic Components Group 
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Data Outputs 

The TOC1D10 has 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 Most Significant Product IMSP) and Least 
Significant Product ILSP), and one 3 - bit output word, the 

Name Function 

P34 Product MSB 

P33 

P32 

P31 

P30 
P29 
P28 

P27 

P26 

P25 
P24 

P23 
P22 
P21 

P20 
P19 
P18 
P17 

P16 

P15 

P14 
P13 

P12 
P11 
Pm 

P9 
P8 
P7 
P6 
P5 

P4 
P3 
P2 
P1 

Po Product LSB 

LSI Products Division 
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eXTended Product IXTPL The Most Significant Bit IMSB) 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 J1 Package Cl, LI Package 

TIL Pin 43 Pin 26 

TIL Pin 42 Pin 27 

TIL Pin 41 Pin 28 

TIL Pin 40 Pin 29 

TIL Pin 39 Pin 30 

TIL Pin 38 Pin 31 

TIL Pin 37 Pill 32 

TIL Pill 36 Pill 33 

TIL Pin 35 Pin 34 

TIL Pin 34 Pin 35 
TIL Pin 33 Pin 36 

TIL Pin 32 Pin 37 

TIL Pin 31 Pin 3B 

TIL Pin 30 Pin 39 

TIL Pin 29 Pin 40 

TIL Pin 28 Pin 41 

TIL Pin 27 Pin 42 

TIL Pin 26 Pin 43 

TIL Pin 25 Pin 44 

TIL Pin 24 Pin 45 

TIL Pin 23 Pin 40 

TIL Pin 22 Pin 47 

TIL Pin 21 Pin 4B 

TIL Pin 20 Pin 49 

TIL Pin 19 Pin 50 

TIL Pin 18 Pin 51 
TIL Pin 17 Pin 52 

TIL Pin 15 Pin 55 

TIL Pin 14 Pin 56 

TIL Pin 13 Pin 57 

TIL Pin 12 Pin 58 

TIL Pin 11 Pin 59 

TIL Pin 10 Pin 60 

TIL Pin 9 Pin 61 

TIL Pin 8 Pin 62 

H 33 
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Clocks 

The mC1010 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 is loaded into the registers at the 
rising edge of the appropriate clock. The RouND lANDI, Two's 
Complement ITC), ACCumulate IACC), and SUBtract ISUB) 
inputs are registered, with all four bits clocked in at the rising 

Name Function 

ClK X Clock Input Data X 
ClK Y Clock Input Data Y 
ClK P Clock Product Register 

Controls 

The TDC1010 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 IPREU is an active-HIGH control which has several 
effects when active Isee 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. 

RouND IANDI controls the addition of a 1 to the MSB of the 
LSP for rounding. When RND is HIGH, a 1 is added to the 
MSB of the lSP for rounding the product in the MSP and 
XTP lif appropriate) rather than truncating it. 

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 
magnitude only inputs. 

Name Function 

TSX XTP Three-State Control 
TSM MSP Three-State Control 
TSl lSP Three - State Control 
PREl Preload Control 

RND Round Control Bit 
TC Two's Complement Control 
ACC Accumulate Control 
SUB Subtract Control 

H 34 

edge of the logical OR of both ClK X and elK 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 J1 Package C1, LI Package 

TIL Pin 51 Pin 15 
TIL Pin 50 Pin 16 
TIL Pin 44 Pin 25 

When ACCumulate IACC) is HIGH, the content of the output 
register is added to or subtracted from the next product 
generated, and their sum 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 
avoid a separate "clear" operation. 

The SUBtract ISUB) 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. 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits 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 the loading of these four control signals can be avoided 
by the use of normally LOW clocks. 

Value J1 Package C1, LI Package 

TIL Pin 47 Pin 22 

TIL Pin 45 Pin 24 

TIL Pin 55 Pin 11 

TIL Pin 46 Pin 23 

TIL Pin 54 Pin 12 

TIL Pin 48 Pin 21 

TIL Pin 52 Pin 14 

TIL Pin 53 Pin 13 

LSI Products Division 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Figure 3. Integer Two's Complement Notation 
BINARY POINT 

Xo SIGNAL 

2° DIGIT VALUE 

Yo SIGNAL 

2° DIGIT VALUE 

Po SIGNAL 
I 

2° DIGIT VALUE IIII 
Figure 4. Integer Unsigned Magnitude Notation. I 

BINARY POINT 

Xu SIGNAL 

2° DIGIT VALUE 

Yo SIGNAL 

2° DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE 
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TRW Electronic Components Group H 35 



TDC1010 

Absolute maximum ratings Ibeyond which the device will be damaged I 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 + 5.5V 2 

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 (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 Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpw Clock Pulse Width 25 30 ns 

ts Input Setup Time (Except PREll 25 30 ns 

ts Input Setup Time (PREll 4ij 45 ns 

tH Input Hold Time 0 3 ns 

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

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 IlA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 + 125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current Vcc - MAX, Static 1 1100 1250 

IlL Input Current, Logic LOW VCC - MAX, VI - O,4V 

XIN, RND, ACC, SUB, TC -0,4 -0,4 

YIN -O,B -O,B 

CLK X, TSX, TSM, and TSL -1.0 -1.0 

CLK P, CLK Y, PREl -2,0 -2,0 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2,4V 

XIN, RND, ACC, SUB, TC 75 100 

YIN 75 100 

CLK X, TSX, TSM, and TSL 75 100 

CLK P, eLK Y, PREl 150 200 

II Input Current, Max Input Voltage VCC - MAX, VI - 5,5V 1.0 1,0 

VOL Output Voltage, Logic LOW VCC - MIN, IOL - MAX 0,5 0,5 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2,4 2,4 

10ZL Hi-Z Output Leakage Current, Output LOW VCC - MAX, VI - O,4V -BOO -BOO 

10ZH Hi-Z Output Leakage Current, Output HIGH VCC - MAX, VI - 2,4V 75 100 

lOS Short - Circuit Output Current VCC - MAX, Output HIGH, one pin to ground, -50 -50 

one second duration 

CI Input Capacitance TA - 25°C, F - lMHz 15 15 

Co Output Capacitance TA - 25°C, F - lMHz 15 15 

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

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

tMA Multiply-Accumulate Time Vee - MIN 165 200 

to Output Delay Vce - MIN, Test Load: VLOAD - 2.2V 40 45 

tENA Three-State Output Enable Delay Vec - MIN, Test Load: VLOAD - I,BV 40 45 

tDiS Three - State Output Disable Delay Vec - MIN, Test Load: VLOAD - 2,6V 40 45 

for tOlSO, O,OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in Figure 9. 
2. tOlS1 denotes the transition from logical 1 to three-state. 

tOISO denotes the transition from logical 0 to three -state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

mA 

mA 

mA 

mA 

mA 

I1A 

I1A 

I1A 

I1A 

mA 

V 

V 

I1A 

I1A 
mA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 
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Figure 5. Timing Diagram 

NON· MULTIPLEXED INPUTS 
(XIN' CONTROLSI ".XX¥ ¥XX." 

INPUT CLOCKS 
(eLK X. CLK YI 

I--- IS ---j I- IH 

1 ~~--------------------------------------------------------I IpW--1 ~ 

OUTPUT CLOCK 

THREE·STATE CONTROL 

MULTIPLEXED LEADS 
(YIN' LSPOUTI 

NON· MULTIPLEXED 
DUTPUTS (XTP. MSPI 

I I 
---JIOISk­

I 

I f-IMA 
I I 

INPUT DATA 

PREVIOUS 

I 

I 
~IOIS 

r---~~----------~I 
PRELOAD IN DATA 

________ -.I I : '--________ -.1 i ---j l-tENA 

==D=AT=A=OU=T====»)!-i ------{K .... __ PR_EL_OA_D_IN_D_A_TA __ ~II II II DATA OUT 

CYCLE r-----------------------""\ I I 
PREL _________________ OU_T_PU_T ____________________ -.J/ \ .... ______ _ 

Note: On multiplexed leads, input data and preload in data are applied to the ToC1010, and data out is produced and driven by the TDC10l0. 

Figure 6. Equivalent Input Circuit 

vee-...... ---e--

INPUT 

eLK X. Y. P. PREL 
R1 = 25K 
R2 = 10K 

Figure 8. Test Load 

TO 500n 

OUTPUT PIN~ VLOAD 

1
40PF 

GND 
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Figure 7. Equivalent Output Circuit 

Vee -----c~-o--------o-----

R1 = 35K 
R2 = 50K 
R3 = 1Don 

R3 

------.... --0 OUTPUT 

Figure 9. Transition Levels For Three-State Measurements 
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Preload Truth Table 1 

PRELl TSXl TSMl TSLl 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 
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 H 1-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 Hi inhibits any change of output register for those outputs in which the three -state control is LOW. 

Application Notes 

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 

Selection of Numeric Format 

Essentially, the difference between integer, mixed, and 
fractional notation in system design is only conceptual. For 
example, the TDC1010 does not differentiate between this 
operation: 

6 X 2 == 12 
and this operation: 

16/8) 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 

LSI Products Division 
TRW Electronic Components Group 

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 4. 

H 39 



TDC1010 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TOC101OJ1C STO-T A - O°C to 70°C Commercial 64 lead DIP 101OJ1C 
TOC101OJ1G STO-T A - O°C to 70°C Commercial With Burn-In 64 lead DIP 101OJ1G 
TOC101OJ1F EXT - TC - -55°C to 125°C Commercial 64 lead DIP 101OJ1F 
TOC101OJ1A EXT-TC - -55°C to 125°C High Reliability 2 64 lead DIP 101OJ1A 

TOC101OC1F EXT-TC - -55°C to 125°C Commercial 68 Contact Chip Carrier 101OC1F 
TOC1010C1A EXT - TC - -55°C to 125°C High Reliability 2 68 Contact Chip Carrier 1010C1A 

TOCl 01 Oll F 1 EXT - T C - -55°C to 125°C Commercial 68 leaded Chip Carrier 101011F 
TOClOlO11A 1 EXT-TC - -55°C to 125°C High Reliability 2 68 leaded Chip Carrier 10 lOll A 

Notes: 
1. Contact factory for availability. 

2. Per TAW document 70Z1757. 

TAW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TAW Inc. or 
others. 

LSI Products Division 
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TDC1043 
Preliminary Information 

VLSI Multiplier-Accumulator 
16 X 16 bit, 1 DOns 

The TRW TOCl043 is a high-speed 16 X 16 bit parallel 
multiplier-accumulator which operates at a 100 nanosecond 
cycle time (10MHz multiply-accumulate rate!. The input data 
may be specified as two's complement or unsigned magnitude. 

Individually clocked input and output registers are provided 10 

maximize system throughput and simplify bus interfacing. These 
registers are positive - edge triggered D - type flip - flops. All 
outputs are three -state. 

Built with TRW's OMICRON-STM l-micron bipolar process, the 
TDC1043 is pin -compatible with the industry standard 
TOCl 01 0, but does not provide the preload and Least 
Significant Product (LSP) output capabilities of the TOC101O. 
However, the LSP bits are used internally for accurate 
accumulation. The TDC1D43 operates with almost twice the 
speed of the TOC101D at less than one-third the power 
dissipation. 

Features 

• lOOns Multiply-Accumulate Time (Worst Case) 

Functional Block Diagram 

ClK X >----e----.I 

ACC, SUB, ~~==~ 
RNO, TC c.. 

ClK Y >----e----.I 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 16 X 16 Bit Parallel Multiplication With Selectable 
Accumulation And Subtraction, And 19-Bit Limited Precision 
Output 

• Pin Compatible With TRW TOC10l0 

• All Inputs And Outputs Are Registered TIL Compatible 

• Three -State TIL Outputs 

• Two's Complement Or Unsigned Magnitude Multiplication 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68 
Leaded Chip Carrier 

Applications 

• Array Processors 

• Video Processors 

• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

.--,---1/ XTP 

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

MSP 

©TRW Inc. 1985 
40G01133 Rev. 0 -3/85 
Printed in the U.S.A. 

IIII 
I 



TDC1043 

Functional Block Diagram 

elK x >--....----' 

elK Y >---.----' 

Pin Assignments 

X6 , 
X5 2 
X4 3 
X3 4 
X2 5 
X, 6 
Xo 7 
Vo 8 
V, 9 
V2 10 
V3 11 
V4 12 
V5 13 
V6 14 
V7 15 

GND 16 
V8 17 
V9 18 

V10 19 
V" 20 
V,2 21 
V,3 22 
V,4 23 
V,5 24 
P'6 25 
P17 26 
P'8 27 
P'9 28 
P20 29 
PZ1 30 
P22 31 
PZ3 32 

H 42 

64 Lead DIP - J3 Package 

64 X7 
63 X8 
62 X9 
61 X,0 
60 X" 
59 X,2 
58 X,3 
57 X,4 
56 X,5 
55 NC 
54 RND 
53 SU8 
52 ACC 
51 ClK X 
50 ClK V 
49 VCC 
48 TC 
47 TSX 
46 GND 
45 TSM 
44 ClK P 
43 P34 
42 P33 
41 P32 
40 P31 
39 P30 
38 P29 
37 P28 
36 PZ7 
35 PZ6 
34 P25 
33 P24 

V, 61 
Vo 62 
Xo 63 
X, 64 
X2 65 
X3 66 
X4 67 
X5 68 
X6 1 
X7 2 
X8 3 
Xg 4 

X,0 5 
X,1 6 
X12 7 
X,3 8 
X,4 9 

35 

_,..--, ........ XTP 

MSP 

CICI CI_N"'~Lnu::l 
~~~~~~~~~~;;;;;;~ 
sm~~~~~~~~~~~~W~3 

43 P17 
42 P'8 
41 P'9 
40 P20 
39 P21 
38 P22 
37 P23 
36 P24 
35 P25 
34 P26 
33 P27 
32 P28 
31 P29 
30 P30 
29 P31 
28 P32 
27 P33 

~~~~~~=~~~~N~~~~~ 
Ln(')Cla:I(')><> (')(')(')(')(')><CI:5o..;S; 
xZ~~~~~~~~~~~~~~o.. 

(,)(,) (,) 

68 Contact Or Leaded Chip Carrier - Cl , L 1 Package 
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TDC1043 

Functional Description 

General Information 

The TOC1043 has four functional sections: Input registers, an 
asynchronous multiplier array, an adder, and output registers. 
The input registers store the two l6-bit numbers which are to 
be multiplied and the control lines which control the input 
numerical format (two's complement or unsigned magnitude), 
output roundings, accumulation and subtraction. Each number is 
stored independently, simplifying multiplication by 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 

Power 

The TOC1043 operates from a single +5 Volt supply. The 
voltage tolerance is different for the standard and extended 
temperature range parts. All power and ground lines must be 
connected. A good ground must be provided due to the large 
number of data outputs capable of changing simultaneously. A 
O.1,uF (minimum) bypass capacitor between Vce and ground is 
recommended. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

LSI Products Division 
TRW Electronics Components Group 

registers hold the complete result. Three -state output drivers 
are provided for one l6-bit word, the Most Significant Product 
(MSP), and one 3-bit word, the eXTended Product (XTPI. The 
Least Significant Product (LSP) is not available with the 
TOC1043. It is held internally for use in accumulation. 
Three-state output drivers permit the TOC1043 to be used on 
a bus, or allow the outputs to be multiplexed over the same 
16 - bit output lines. The unit is pin - compatible with the 
TOC1 01 0 with the exception that there is no preload capability 
or least significant product output. 

TOC1010 Compatibility Note: Permanently connect pin 46 IJ3 
package) or pin 23 IC1, L1 package) on the TOC1043 to 
ground. Do not leave this pin open or connected to a TTL 
output. (On the TOCl 01 0, this pin is the preload pin.! 

Value J3 Package el, Ll Package 

+5.0V Pin 49 Pins 17/ lB, 19/ 20 
O.OV Pins 16/ 46 Pins 23/ 53/ 54 

H 43 
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TDC1043 

Data Inputs 

The TOC1043 has two 16-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBs), denoted X 15 and Y 15, carry the sign information 
for the two's complement notation. The remaining bits are 
denoted X14 through Xo and Y14 through YO Iwith Xo and YO 
the Least Significant Bits!. Data present at the X and Y inputs 

Name Function 

X,5 X Data MSB 

X,4 
X,3 

X,2 

X" 
XlO 

X9 

X8 
X7 
X6 

X5 
X4 

X3 

X2 
X, 

Xo X Data lSB 

Y,5 Y Data MSB 

Y,4 

Y,3 

Y,2 

Y,1 

Y,0 
Yg 

Y8 

Y7 

Y6 
Y5 

Y4 

Y3 

Y2 
Y, 

YO Y Data lSB 

H 44 

are 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 C1, l1 Package 

TTL Pin 56 Pin 10 
TIL Pin 57 Pin 9 
TIL Pin 58 Pin 8 

TTL Pin 59 Pin 7 

TIL Pin 60 Pin 6 
TTL Pin 61 Pin 5 

TIL Pin 62 Pin 4 

TIL Pin 63 Pin 3 

TIL Pin 64 Pin 2 

TIL Pin 1 Pin 1 
TIL Pin 2 Pin 68 

TTL Pin 3 Pin 67 

TIL Pin 4 Pin 66 

TIL Pin 5 Pin 65 
TIL Pin 6 Pin 64 
TIL Pin 7 Pin 63 

TTL Pin 24 Pin 45 

TTL Pin 23 Pin 46 

TIL Pin 22 Pin 47 

TTL Pin 21 Pin 48 

TIL Pin 20 Pin 49 

TTL Pin 19 Pin 50 

TIl Pin 18 Pin 51 

TIL Pin 17 Pin 52 

TIl Pin 15 Pin 55 

TIL Pin 14 Pin 56 

TIl Pin 13 Pin 57 

TIl Pin 12 Pin 58 

TIL Pin 11 Pin 59 

TIl Pin 10 Pin 60 

TIL Pin 9 Pin 61 

TIl Pin 8 Pin 62 

lSI Products Division 
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TDC1043 

Data Outputs 

The TDC1043 has 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. Only the most significant 19 bits are available 
off - chip. The output is divided into one 16 - bit output word, 
the Most Significant Product IMSP), and one 3-bit output 

Name Function 

P34 Product MSB 

P33 
P32 

P31 
P30 

P29 

P28 

P27 

P26 

P25 
P24 

P23 

P22 

P21 
P20 
P19 
P18 
P17 
P16 

Clocks 

The TDC1043 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. Note that the input to the 
output register comes only from the internal adder and 
multiplier array. The RouND lAND), Two's Complement ITC), 

Name Function 

ClK X Clock Input Data X 

ClK Y Clock Input Data Y 

ClK P Clock Product Register 

lSI Products Division 
TRW Electronics Components Group 

word, the eXTended Product IXTPI. The Most Significant Bit 
IMSB) 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 and 4, respectively. 

Value J3 Package C1, L1 Package 

TIl Pin 43 Pin 26 

TIl Pin 42 Pin 27 

TIl Pin 41 Pin 28 

TIl Pin 4D Pin 29 

TIL Pin 39 Pin 30 

TIL Pin 38 Pin 31 

TIL Pin 37 Pin 32 

TIl Pin 36 Pin 33 

TIl Pin 35 Pin 34 

TIL Pin 34 Pin 35 

TIl Pin 33 Pin 36 

TIl Pin 32 Pin 37 

TIl Pin 31 Pin 38 

TIL Pin 30 Pin 39 

TIL Pin 29 Pin 4D 

TIl Pin 28 Pin 41 

TIL Pin 27 Pin 42 

TIL Pin 26 Pin 43 

TIL Pin 25 Pin 44 

ACCumulate lAC C), and SUBtract ISUB) inputs are registered, 
with all four bits 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 the loading of these four control signals can be 
avoided by use of normally lOW clocks. 

Value J3 Package Cl, l1 Package 

TIl Pin 51 Pin 15 

TIl Pin 50 Pin 16 

TIL Pin 44 Pin 25 

H 45 



TDC1043 

Controls 

The TDC1043 has six control lines. TSX and TSM are 
three -state enable lines for the XTP and the MSP. The output 
driver is in the high -impedance state when TSX or TSM is 
HIGH, and enabled when the appropriate control is lOW. TSX 
and TSM are not registered. 

RouND IRND) controls the addition of a 1 to the MSB of the 
lSP for rounding. When RND 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 it. 

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 and TC lOW makes both inputs magnitude 
only inputs. 

When ACCumulate IACC! is HIGH, the contents of the output 
register are added to or subtracted from the next product 
generated, and their sum is stored back into the output 

Name Function 

TSX XTP Three-State Control 
TSM MSP Three-State Control 

RND Round Control Bit 
TC Two's Complement Control 
ACC Accumulate Control 
SUB Subtract Control 

No Connects 

The TDC1D43 has one pin labeled "No Connect" INC!. No 
connection is made between the chip and this pin. 

Name Function 

NC No Connection 

H 46 

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 
avoid a separate "clear" operation. 

The SUBtract ISUB! control is used in conjunction with the 
ACC control. When both the ACC and SUB controls are HIGH, 
the contents of the output register are 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. 

The RND, TC, ACe, and SUB inputs are registered, with all 
four bits 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 the loading of these four control signals can be avoided 
by the use of normally lOW clocks. 

Value J3 Package Cl, L1 Package 

TTL Pin 47 Pin 22 
TTl Pin 45 Pin 24 

TTl Pin 54 Pin 12 
TTl Pin 48 Pin 21 
TTL Pin 52 Pin 14 

TTl Pin 53 Pin 13 

Value J3 Package Cl, Ll Package 

Open Pin 55 Pin 11 

LSI Products Division 
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TDC1043 

Figure 1. Fractional Two's Complement Notation 

BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 

BINARY POINT 

Figure 3. Integer Two's Complement Notation 

BINARY POINT 

I 

m. 
I 

Figure 4. Integer Unsigned Magnitude Notation 

BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE 
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TDC1043 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Input 

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

Forced current ........................................................................................................................................................................................................... - S.O 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 .......................................................................................................................................................................................................... -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, 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 

Parameter Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 V 

tpWl Clock Pulse Width, LOW 25 ns 

tpWH Clock Pulse Width, HIGH 25 ns 

ts Input Setup Time 25 ns 

tH Input Hold Time 0 ns 

Vll Input Voltage, logic lOW O.B V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOl Output Current, logic lOW 4.0 mA 

IOH Output Current, logic HIGH -400 f.JA 

TA Ambient Temperature, Still Air 0 70 °c 

LSI Products Division 
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TDC1043 

Electrical characteristics within specified operating conditions 

Parameter Test Conditions 

ICC Supply Current Vcc - MAX, Static 1 

T A - O°C to 70°C 

TA~ 25°C 

Vec - 5.0V 

TA~ 25°C 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.4V 
Data Inputs, RND, ACC, SUB, TC 

TSX, TSM, CLK X, CLK Y, ClK P 

IIH Input Current, Logic HIGH Vec - MAX, VI - 2.4V 
Data Inputs, RND, ACC, SUB, TC 

TSX, TSM, eLK X, CLK Y, CLK P 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 

VOL Output Voltage, Logic LOW Vec - MIN, IOL - MAX 

VOH Output Voltage, Logic HIGH Vec - MIN, IOH - MAX 

IOZL Hi-Z Output Leakage Current, Output LOW Vec - MAX, VI - O.4V 

IOZH Hi-Z Output Leakage Current, Output HIGH Vec - MAX, VI - 2.4V 

lOS Short Circuit Output Current Vec - MAX, One pin to ground, 

one second duration, output HIGH. 

CI Input Capacitance TA - 25°C, F - lMHz 

Co Output Capacitance TA - 25°e, F - lMHz 

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

Switching characteristics within specified operating conditions 1 

PBrBmBter Test Conditions 

tMA 

to 

tENA 

tOiS 

Notes: 

Mu~iply-Accumulate Time Vee· MIN 
Output Delay VCC • MIN, Test load: VlOAD - 2.2V 

Three - State Output Enable Delay VCC • MIN, Test load: VlOAD • 1.BV 

Three-State Output Disable Delay Vee· MIN, Test load: VlOAD • 2.BV 

for tOlSo, o.oV for tDIS1 2 

1. All transitions are measured at a 1.5V level except for tOIS end tENA, which are shown in Figure 9. 

2. tOlS1 denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three -state. 

LSI Products Division 
TRW Electronics Components Group 

Temperature Range 
Standard 

Min Max 

220 

200 

195 

-0.2 

-0.8 

50 

100 

1.0 

0.5 

2.4 

-20 

20 

-5 -50 

15 

15 

Temperatura Ranga 
Standard 

Min Max 

100 

35 
35 
35 

Units 

mA 

mA 

mA 

mA 

mA 

f..lA 

f..lA 

mA 

V 

V 

f..lA 

f..lA 

mA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 
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TDC1043 

Figure 5. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

~------------tMA-----------~~ OUTPUT 

THREE-STATE 
CONTROL 

OUTPUT 

Figure 6. Equivalent Input Circuit 

VCC-.... --..... -

INPUT 

ClK X, Y, P 
R1 = 25K 
R2 = 10K 

Figure 8. Test Load 

INPUT 

XIN' YIN, 
RND, TC, 
ACC, SUB 

FtDls 

TO 500n 

OUTPUT PIN~ VlOAD 

1
40PF 

GND 

H 50 

k7r:tEN::-:A ==:;-:;:::=== 
>--------------------------< HIGH IMPEDANCE 

Figure 7. Equivalent Output Circuit 

---..... ----0 vcc 

R3 

6--..0 OUTPUT 

Figure 9. Transition Levels For Three-State Measurements 

TSM, TSX, 

THREE-STATE 
OUTPUTS 

tDiS 

HIGH IMPEDANCE 

o.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 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, the TDC1043 does not differentiate between this 
operation: 

6 X 2 = 12 
and this operation: 

(6/8) X (2/8) = 12/64. 

Ordering Information 

Product Temperature Range 
Number 

TDC1D43J3C STD-TA - DOC to 7DOC 

TDC1D43J3G STD-T A - DOC to 7DoC 

TDC1D43C1C1 STD-T A - DOC to 7DoC 

TDC1043C1G 1 STD- TA - DOC to 7DoC 

TDC1D43L1C 1 STD-T A - DOC to 7DoC 

TDC1043L1G 1 STD-T A - DOC to 7DoC 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z1757. 

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. 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. 

Screening Package Package 
Marking 

Commercial 64 Lead DIP lD43J3C 

Commercial With Burn-In 64 Lead DIP lD43J3G 

Commercial 68 Contact Chip Carrier lO43C1C 

Commercial With Burn-In 68 Contact Chip Carrier lD43C1G 

Commercial 68 Leaded Chip Carrier lD43C1C 

Commercial With Burn-In 68 Leaded Chip Carrier 1043C1G 

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. 

Prefiminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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lMC2009 
Preliminary Information 

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 135 nanosecond 
cycle time 17.4MHz multiply-accumulate ratel. 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 (XTPI, a 
12 - bit Most Significant Product IMSPI, and a 12 - bit Least 
Significant Product ILSPI. 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 state-of-the-art 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. 

Features 

• Low Power Consumption CMOS Process 

Functional Block Diagram 

XIN 
(X"-01 '---f---v 

ClK X >-....... ___ -1 

ACC.SUB -=:!=t=~ 
RNO.TC .... 

YIN 
(Y 11-01 '--or-fo--v 

ClK Y >-....... ----1 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla. CA 92038 

• Pin And Function Compatible With TRW TDC1009 

• 135ns Multiply-Accumulate Time (Worst Casel 

• 12 x 12 Bit Parallel Multiplication With Accumulation To 
27 - Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Preloading 

• All Inputs And Outputs Are Registered TIL Compatible 

• Three - State Output 
• Two's Complement Or Unsigned Magnitude Operation 

• Single +5V Power Supply 
• Available In 64 Lead DIP, 68 Contact Chip Carrier, Or 68 

Leaded Chip Carrier 

Applications 

• Array Processors 

• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 

• Microcomputer/Minicomputer Accelerators 

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

XTPOUT 
:;,.--"........" (P26-2~ 

MSPOUT 

(P23-12' 

lSPOUT 

(P11-o' 

©TRW Inc. 1985 
40GOl277 Rev. C-2/85 
Printed in the U.S.A. 



TMC2009 

Functional Block Diagram 

XIN 
(Xl1-o) L..--+_~ 

CLKX ~""", ___ -.J 

ACC.SUB -=::;:-=t=.=:>1 
RND.TC L. 

VIN 
(V 11-0) '--..,--,~--v' 

CLK V )-....... -----' 

Pin Assignments 

~ 
X3 
X2 
XI 
Xu 

ACC 
SUB 
RND 
TSL 9 

Po 10 
PI II 
P2 12 
P3 13 
P4 14 
P5 15 

GND 16 
P6 17 
F1 18 : 
P8 19 ! 

Pg 20 I 

Plo 21 
P" 22 

elK P 23 
PREL 24 
TSM 25 
PI2 26 
PI3 27 
PI4 28 
PI5 29 
PI6 30 
PI7 31 
PIS 32 .'L-____ --LI 

64 X5 
63Xs 
62 X7 
61 Xs 
60 Xg 
59 XIo 
58 XII 
57 ClK X 
56 ClK Y 
55 Yo 
54 YI 
53 Y2 
52 Y3 
51 Y4 
50 Y5 
49 VDD 
48 Y6 
47 Y7 
46 Ya 
45 Yg 
44 YID 
43 YII 
42 TC 
41 TSX 
40 P26 
39 P25 
38 P24 
37 P23 
36 P22 
35 P21 
34 P20 
33 PIg 

64 Lead DIP - J3 Package 

H 54 

ClK Y 61 
Yo 62 
YI 63 
Y2 64 
Y3 65 
Y4 66 
Y5 67 

VDD 68 
NC I 

VDD 2 
Ys 3 
Y7 
Va 
Yg 6 

Vlo 7 
YII 
TC 

CLK P 

)( 

~~~~~R~~~~~x~~~~a 
mmm~~~~~~~~~~~~~$ 

S=~~~~~~~~2N~~~~~ 

~~~~~~~~l~~~~c~~~ 

LSPOUT 
(Pl1-o) 

43 Po 
42 PI 
41 P2 
40 P3 
39 P4 
38 P5 
37 GND 
36 GND 
35 P6 
34 NC 
33F1 
32 Pa 
31 Pg 
30 PIO 
29 Pll 
28 ClK P 
27 PREL 

68 Contact or Leaded Chip Carrier - Cl, L 1 Package 

lSI Products Division 
TRW Electronic Components Group 



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 Itwo's complement or 
unsigned magnitude), output rounding, 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 TM C2009 operates from a single + 5 Volt supply. All 
power and ground lines must be connected. 

Name Function 

VDD Positive SupplV Voltage 

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 IMSBs), X11 and Y", carry the sign information for the 
two's complement notation. The remaining bits are denoted 
XlO through Xo and YlO through YO Iwith Xo and YO the 
Least Significant Bits!. Data present at the X and Y inputs are 

Name Function 

X11 X Data MSB 

XlO 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

Xl 

Xo X Data LSB 

LSI Products Division 
TRW Electronic Components Group 

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 IMSP), the 
Least Significant Product ILSP), and the eXTended Product 
IXTP!. 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 C1, L1 Package 

+5.0V Pin 49 Pins 68, 2 

O.OV Pin 16 Pins 34, 36, 37 

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 C1, L 1 Package 

TTL Pin 58 Pin 59 

TTL Pin 59 Pin 58 

TTL Pin 60 Pin 57 

TTL Pin 61 Pin 56 

TTL Pin 62 Pin 55 

TTL Pin 63 Pin 54 

TTL Pin 64 Pin 53 

TTL Pin 1 Pin 52 

TTL Pin 2 Pin 51 

TTL Pin 3 Pin 50 

TTL Pin 4 Pin 49 

TTL Pin 5 Pin 48 

H 55 

ilii 
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Data Inputs (Cont.) 

Name Function 

Yll Y Data MSB 

YlO 

Y9 

~B 
Y7 

Y6 
Y5 

Y4 

Y3 
Y2 

Yl 
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 (MSP) and Least 
Significant Product (LSP), and one 3 - bit output word, the 

Name Function 

P26 Product MSB 

P25 

P24 

P23 
P22 
P21 

P20 

P19 
PIB 
P17 

P16 
P15 
P14 

P13 

P12 

H 56 

Value J3 Package Cl, L1 Package 

TTL Pin 43 Pin B 
TTL Pin 44 Pin 7 
TTL Pin 45 Pin 6 
TTL Pin 46 Pin 5 
TTL Pin 47 Pin 4 
TTL Pin 4B Pin 3 
TTL Pin 50 Pin 67 
TTL Pin 51 Pin 66 
TTL Pin 52 Pin 65 
TTL Pin 53 Pin 64 

TTL Pin 54 Pin 63 
TTL Pin 55 Pin 62 

eXTended Product (XTPI. The Most Significant Bit (MSB) 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 Cl, Ll Package 

TTL Pin 4D Pin 11 

TTL Pin 39 Pin 12 
TTL Pin 38 Pin 13 

TTL Pin 37 Pin 14 
TTL Pin 36 Pin 15 
TTL Pin 35 Pin 16 
TTL Pin 34 Pin 17 

TTL Pin 33 Pin lB 
TTL Pin 32 Pin 19 

TTL Pin 31 Pin 20 
TTL Pin 30 Pin 21 

TTL Pin 29 Pin 22 
TTL Pin 2B Pin 23 

TTL Pin 27 Pin 24 

TTL Pin 26 Pin 25 

LSI Products Division 
TRW Electronic Components Group 
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Data Outputs (Cont.) 

Name Function 

Pll 
PlO 

P9 

P8 

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 RouND lANDI, Two's 
Complement (TCI, ACCumulate (ACCI and SUBtract (SUBI 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 (PREll is an active -HIGH control which has several 
effects when active (see Table 11. First, a" output buffers are 
forced into the high - impedance state. Second, when any or a" 
of TSX, TSM, and TSl are also HIGH, external data present at 
the output pins wi" 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 (TSX, TSM, 
TSLI, and to the data being preloaded. These setup and hold 
times are with respect to the rising edge of ClK P. 

RouND (RNDI controls the addition of a 1 to the MSB of the 
lSP for rounding. When AND is high, a 1 is added to the 
MSB of the lSP for rounding the product in the MSP and 
XTP (if appropriatel rather than truncating them. 

LSI Products Division 
TRW Electronic Components Group 

Value J3 Package Cl, l1 Package 

TIL Pin 22 Pin 29 
TTL Pin 21 Pin 30 

TTL Pin 20 Pin 31 

TIL Pin 19 Pin 32 

TIL Pin 18 Pin 33 

TIL Pin 17 Pin 35 
TIL Pin 15 Pin 38 

TTL Pin 14 Pin 39 

TIL Pin 13 Pin 40 

TIL Pin 12 Pin 41 

TTL Pin 11 Pin 42 

TTL Pin 10 Pin 43 

are registered, with a" four bits 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 the loading of these four control 
signals can be avoided by the use of normally lOW clocks. 

Value J3 Package Cl, l1 Package 

TIL Pin 57 Pin 60 
TTL Pin 56 Pin 61 
TIL Pin 23 Pin 28 

Two's Complement (TCI 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 (ACCI 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 (SUBI 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. 

H 57 

IlII 

• 
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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 OR of 
both ClK X and ClK Y. Special attention to the clock signals 

Name Function 

TSX XTP Three - State Control 

TSM MSP Three-State Control 

TSl lSP Three-State Control 

PREl Preload Control 

RND Round Control Bit 

TC Two's Complement Control 

ACC Accumulate Control 

SUB Subtract Control 

No Connects 

The contact and leaded chip carrier versions of the TMC2009 
have two pins which are not connected internally. These 
should be leh unconnected. 

Name Function 

NC No Connection 

Preload Truth Table 1 

PREL1 TSX1 TSM1 TSL1 

l l l l 

l l l H 

l l H l 
l l H H 

l H l l 

l H l H 

l H H l 

l H H H 
H2 l l l 
H2 l l H 
H2 l H l 
H2 l H H 
H2 H l l 
H2 H l H 
H2 H H l 
H2 H H H 

Notes: 
1. PREl, TSX, TSM, and TSl are not registered. 

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 J3 Package Cl, L 1 Package 

TIL Pin 41 Pin 10 

TIL Pin 25 Pin 26 

TIL Pin 9 Pin 44 
TIL Pin 2 Pin 27 

TIL Pin B Pin 45 

TIL Pin 42 Pin 9 

TIL Pin 6 Pin 47 

TIL Pin 7 Pin 46 

Value J3 Package C1, L1 Package 

Open None Pins 1, 34 

XTP MSP LSP 

Register --+ Output pin Register --+ Output pin Register --+ Output pin 

Register --+ Output pin Register --+ Output pin Hi-Z 

Register --+ Output pin Hi-Z Register --+ Output pin 
Register --+ Output pin Hi-Z Hi-Z 

Hi-Z Register --+ Output pin Register --+ Output pin 

Hi-Z Register --+ Output pin Hi-Z 

Hi-Z Hi-Z Register --+ Output pin 

Hi-Z Hi-Z Hi-Z 

Hi-Z Hi-Z Hi-Z 
Hi-Z Hi-Z Hi-Z Preload 

Hi-Z Hi-Z Preload Hi-Z 

Hi-Z Hi-Z Preload Hi - Z Preload 

Hi - Z Preload Hi-Z Hi-Z 

Hi - Z Preload Hi-Z Hi-Z Preload 

Hi-Z Preload Hi-Z Preload Hi-Z 

Hi-Z Preload Hi-Z Preload Hi-Z Preload 

2. PREl Hi inhibits any change of output register for those outputs in which the three-state control is lOW. 

LSI Products Division 
H 58 TRW Electronic Components Group 



TMC2009 

Figure 1. Fractional Two's Complement Notation 

BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

SIGNAL 
r-+-+-~-r-r-r-+-+~~~~ 

DIGIT VALUE 

SIGNAL 
~+-+-~~~-r-+-+~~~~ 

DIGIT VALUE 
r-~~~~~~~~~~~~ 

SIGNAL 
r-~+-~-r-r-r-+-+~~--r-~~+-~~-r-r-r-+-+~~~r-r-~ 

DIGIT VALUE 

Figure 3. Integer Two's Complement Notation 
BINARY POINT 

SIGNAL 
~~~~~+-+-+-+-~~4-~ 

DIGIT VALUE 

SIGNAL 
~~~+-+-+-+-~~4-4-~~ 

DIGIT VALUE 

Figure 4. Integer Unsigned Magnitude Notation 
BINARY POINT 

Xo SIGNAL 
r-r-+-+-~~-r-r-r-+-+~~ 

20 DIGIT VALUE 
~~~~~~~-L-L~~~~ 

Yo SIGNAL 
r-r-+-+-~~-r-r-r-+-+~~ 

20 DIGIT VALUE 
~~~~~~~~-L~~~~ 

Po SIGNAL 
~~~+-+-~4-~-r-+-+-+~~--~~~+-+-~~~-r-+-+-+~~ 

20 DIGIT VALUE 
~~~+-~~~~~~~~~~--~.r-~~~~~~~-L~~~~ 

LSI Products Division 
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Absolute maximum ratings (beyond which the device will be damaged) 1 

Supply Voltage ........................................................................................................................................................................................................................................ - 0.5 to + 7.OV 

Input Voltage ................................................................................................................................................................................................................................ -0.5 to (VOO +0.5V) 

Output 

Applied voltage .............................................................................................................................................................................................. - 0.5 to (V 00 + 0.5V) 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.omA3.4 

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

Temperature 

Operating. case .......................................................................................................................................................................................................... -60 to + 130°C 

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

lead, soldering (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. 

Op!nating 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 

tpWl Clock Pulse Width, LOW 25 35 ns 

tpWH Clock Pulse Width, HIGH 25 35 ns 

ts Input Setup Time 25 3D ns 

tH Input Hold Time 3 3 ns 

VIL Input Voltage, Logic LOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOL Output Current, Logic lOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -2.0 -2.0 mA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 +125 °c 

LSI Products Division 
H 60 TRW Electronic Components Group 



TMC2009 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

IOOQ Supply Current, Quiescent VOO - MAX, VIN - OV 5 10 

TSt. TSM, TSX - 5.0V 

IOOU Supply Current, Unloaded 1 VOO - MAX, F - 7.4MHz 60 60 

TSl, TSM, TSX - 5.0V 

IDOL Supply Current, loaded 1, 2 VOO - MAX, F - 7.4MHz 150 170 

TSl, TSM, TSX - OV 

Test load: VLDAO - VOO MAX 

III Input Current, logic lOW VOO - MAX, VI - 0.4V -10 +10 -10 +10 

IIH Input Current, logic HIGH VOO - MAX, VI - 2.4V -10 + 10 -10 +10 

II Input Current, Max Input Voltage VOO - MAX, VI - VOO +75 +75 

VOL Output Voltage, logic lOW VOO - MIN, IOl - MAX 0.4 0.4 

VOH Output Voltage, logic HIGH VOO - MIN, IOH - MAX 2.4 2.4 

IOZl Hi-Z Output leakage Current, Output lOW VOO - MAX, VI - 0.4V -75 +75 -75 +75 

IOZH Hi-Z Output leakage Current, Output HIGH VOO - MAX, VI - 2.4V -75 +75 -75 +75 

lOS Short- Circuit Output Current VOO - MAX, Output HIGH, one pin to ground, -100 -100 

one second duration max 

CI Input Capacitance TA - 25°C, F - lMHz 15 15 

Co Output Capacitance TA - 25°C, F - lMHz 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 Conditions Min Max Min Max 

tMA Multiply-Accumulate Time VOO - MIN 135 170 

to Output Delay VOO - MIN, Test load: VLDAO - 2.2V 40 45 

tENA Three - State Output Enable Delay VOO - MIN, Test load: VLDAO - 1.5V 40 45 

tOlS Three - State Output Disable Delay VOO - MIN, Test load: VLDAO - 2.6V 35 40 

for tOlSO, O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in figure 9. 

2. tOlS1 denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

rnA 

rnA 

rnA 

fjA 

fjA 

fjA 

V 

V 

fjA 

fjA 

rnA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 
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Figure 5. Timing Diagram 

INPUT 

INPUT 
CLOCK 

OUTPUT 
CLOCK 

==>!(CONTROL AND DATA IN>K ____ _ 

~tS___t:tH~ 
_rtpw=-\_ 

.1--tMA --l_-~ 

PRELOAD __ -:-;:======~_I/ ___ _ 
THREE-STATE 
CONTROL 

OUTPUT 
HIGH IMPEDANCE 

Figure 6. Equivalent Input Circuit 

n SUBSTRATE 

D1 

CONTROL O--IVVv-~"-" 
INPUT 

1KO 

02 

Figure 8. Test Load 

TO 5000 

OUTPUT PIN~ VLOAD 

J
40PF 

GND 

H 62 

~-~~- tH -----l f---- tENA 
-~-----I 

>--~-<I DATA OUT PRELOAD IN DATA 

Figure 7. Equivalent Output Circuit 

VDD 

D1 

__ ---4~-O OUTPUT 

02 

P WELL 

Figure 9. Transition Levels For Three-State Measurements 

TSM. TSX. 
TSL 

THREE-STATE 
OUTPUTS 

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 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 TM C2009 does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

(6/81 x (2/81 = 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 

Ordering Information 

Product Temperature Range 
Number 

TMC2DD9J3C 8m - TA - DOC to lDOC 

TMC2DD9J3G 8m - TA - DOC to lDoC 

TMC2DD9J3F 1 EXT - TC - -55°C to 125°C 
TMC2DD9J3A 1 EXT - T C - -55°C to 125°C 

TMC2DD9C1C 1 8m - TA - DOC to lDoC 
TMC2DD9C1G 1 8m - TA - DOC to lDoC 

TMC2DD9C1Fl EXT - TC - -55°C to 125°C 
TMC2DD9C1A 1 EXT - T C - -55°C to 125°C 

TMC2DD9L1 C 1 8m - TA - DOC to lDoC 

TMC2DD9L1G 1 8m - TA - DOC to lDoC 

TMC2DD9L 1 F 1 EXT - T C - -55°C to 125°C 
TMC2DD9L1A 1 EXT - T C - -55°C to 125°C 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

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 (and 
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 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 

Commercial 64 lead DIP 2DD9J3C 

Commercial With Burn-In 64 lead DIP 2DD9J3G 

Commercial 64 lead DIP 2DD9J3F 
High Reliability 2 64 Lead DIP 2DD9J3A 

Commercial 68 Contact Chip Carrier 2DD9C1C 

Commercial With Burn-In 68 Contact Chip Carrier 2DD9C1G 

Commercial 68 Contact Chip Carrier 2DD9C1F 
High Reliability 2 68 Contact Chip Carrier 2DD9C1A 

Commercial 68 Leaded Chip Carrier 2DD9L1C 

Commercial With Burn-In 68 Leaded Chip Carrier 2DD9L1G 

Commercial 68 Leaded Chip Carrier 2DD9L1F 
High Reliability 2 68 Leaded Chip Carrier 20D9L1A 

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. 

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TMC2010 
Preliminary Information 

eM os Multiplier - Accumulator 
16 X 16 bit, 160ns 

The TMC2010 is a high-speed 16 x 16 bit parallel 
multiplier -accumulator which operates at a 160 nanosecond 
cycle time (more than 6MHz multiply-accumulate ratel. The 
input data may be specified as two's complement or unsigned 
magnitude, yielding a full- precision 32 - bit product. Products 
may be accumulated to a 35 - 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 (XTPI, a 
16-bit Most Significant Product (MSPI, and a 16-bit Least 
Significant Product (LSPI. Individual three -state output ports 
are provided for the XTP and the MSP; the LSP is multiplexed 
with the Y input. The output register can be preloaded directly 
via the output ports. 

Built with TRW's state-of-the-art 2-micron CMOS process, 
the TM C2010 is pin and function compatible with the industry 
standard TOC1 01 0 and operates with the same speed at 
one-sixth or less power dissipation, depending on the 
multiply-accumulate rate. 

Functional Block Diagram 

XIN 
IX1S-Xol '---f--v 

eLK x >---4.------' 

YIN'LSPOUT 
IY1S-YII'P1S-Pol Vrl~-+-V 

eLK Y 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• Low Power Consumption CMOS Process 
• Pin And Function Compatible With TDC1010 
o 160ns Multiply-Accumulate Time (Worst Casel 

• 16 x 16 Bit Parallel Multiplication With Accumulation To 
35-Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Preloading 

• All Inputs And Outputs Are Registered TIL Compatible 
• Three-State Output 
• Two's Complement Or Unsigned Magnitude Operation 
• Single +5V Power Supply 
• Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68 

Leaded Chip Carrier 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

TSL 

Phone: 16191 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

eLK P 

©TRW Inc. 1985 
40G01150 Rev. 0-2/85 
Printed in the U.S.A. 
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Functional Block Diagram 

XIN 
(X1S-Xo' "----,<_--,/ 

eLK x ~,....-------I 

Pin Assignments 

Xs 
X5 
x., 
X3 
X2 
XI 
Xo 

Po·Yo 
Pl.Yl 9 
P2.Y2 10 
P3.Y3 11 
P4.Y4 12 
P5.Y5 13 
P6.Y6 14 
PJ.Y7 15 

GNO 16 
PB.YB 17 
P9.Y9 lB 

Pl0.YID 19 
Pll.Yll 20 
PI2'Y12 21 
P13.Y13 22 
PI4-YI4 23 
P15.Y15 24 

P16 25 
P17 26 
PIB 27 
P19 2B 
P20 29 
P21 30 
P22 31 
P23 32 

YIN'LSPOUT 
(Yls-YoIP1S- PO' 

eLK Y 

64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
4B 
47 
46 
45 
44 
43 
42 
41 
40 
39 
3B 
37 
36 
35 
34 
33 

64 Lead DIP - J3 Package 

H 66 

X7 
XB 
X9 
XIO 
Xl1 
X12 
X13 
X14 
X15 
TSl 
RNO 
SUB 
ACC 
ClK X 
ClK Y 
VOO 
TC 
TSX 
PREL 
TSM 
ClK P 
P34 
P33 
P32 
P31 
P30 
P29 
P2B 
P27 
P26 
P25 
P24 

TSL eLK P 

c::I ... N ,., IV Ln 

N C"'J _ &n = ..... CD fZ''';';;;>~ 

~~~~~~~~~~£if2;~~ 
sm~~~m~~~~~~~~~~~ 

Pl.Yl 61 43 P17 
Po.Yo 62 42 PIB 

Xo63 41 P19 
XI 64 40 P2Q 
X2 65 39 P21 
X3 66 3B P22 
x., 67 37 P23 
X5 68 36 P24 
X6 1 35 P25 
X7 2 34 P26 
XB 3 33 P27 
X9 4 32 P2B 

XIO 5 31 P29 
XII 6 30 P30 
X12 7 29 P31 
X13 B 2B P32 
X14 9 27 P33 

~=~~~~~~=m~N~~~~~ 
II'I~ c = u >< >- c c c c~ >< m :IE a. ~ x ~~~~~~~~~ ~f~~a. 

uu u 

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

General Information 

The TMC2010 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, 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 TMC201D operates from a single +5 Volt supply. All 
power and ground lines must be connected. 

Name Function 

VDD Positive Supply Voltage 

GND Ground 

Data Inputs 

The TMC2010 has two 16-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits IMSBs), X 15 and Y 15, carry the sign information for the 
two's complement notation. The remaining bits are denoted 
X14 through Xo and Y14 through YO (with Xo and YO the 
Least Significant Bits). Data present at the X and Y inputs are 

Name Function 

X15 X Data MSB 

X14 

X13 
X12 
Xll 

XlO 

X9 

XB 

Xl 

X6 

X5 

X4 

X3 

X2 

Xl 

Xo X Data LSB 

LSI Products Division 
TRW Electronic Components Group 

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 16 - bit words 
and one 3-bit word: the Most Significant Product (MSP), the 
Least Significant Product (LSP), and the eXTended Product 
(XTPI. Three-state output drivers permit the TMC2010 to be 
used on a bus, or allow the outputs to be multiplexed over 
the same 16 - bit output lines. The Least Significant Product 
(LSPI is multiplexed with the Y input. 

Value J3 Package Cl. L1 Package 

+5.DV Pin 49 Pins 17, lB, 19, 20 
O.DV Pin 16 Pins 53, 54 

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 Cl, L1 Package 

TIL Pin 56 Pin 10 

TIL Pin 57 Pin 9 

TIL Pin 58 Pin B 
TIL Pin 59 Pin 7 

TIL Pin 60 Pin 6 
TIL Pin 61 Pin 5 

TIL Pin 62 Pin 4 

TIL Pin 63 Pin 3 
TIL Pin 64 Pin 2 
TIL Pin 1 Pin 1 
TIL Pin 2 Pin 68 

TIL Pin 3 Pin 67 

TIL Pin 4 Pin 66 

TIL Pin 5 Pin 65 

TIL Pin 6 Pin 64 

TIL Pin 7 Pin 63 

H 67 
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Data Inputs (Cont.) 

Name Function 

Y15 Y Data MSB 

Y14 

Y13 

Y12 
Y11 

YlO 
Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 
Y2 

Y1 

YO Y Data lSB 

Data Outputs 

The TMC2010 has 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 Most Significant Product (MSP) and Least 
Significant Product (LSPl, and one 3-bit output word, the 

Name Function 

P34 Product MSB 

P33 
P32 

P31 
P30 

P29 
P28 

P27 

P26 

P25 
P24 
P23 
P22 

P21 
P20 

P19 
P18 
P17 

P16 

H 68 

Value J3 Package Cl, L1 Package 

TIL Pin 24 Pin 45 
TIL Pin 23 Pin 46 

TIL Pin 22 Pin 47 

TIL Pin 21 Pin 48 

TIL Pin 20 Pin 49 
TIL Pin 19 Pin 50 

TIl Pin 18 Pin 51 

TIL Pin 17 Pin 52 

TIl Pin 15 Pin 55 

TIL Pin 14 Pin 56 

TIl Pin 13 Pin 57 

TIL Pin 12 Pin 58 

TIL Pin 11 Pin 59 

TIL Pin 10 Pin 60 

TIL Pin 9 Pin 61 

TIL Pin 8 Pin 62 

eXTended Product (XTPI. The Most Significant Bit IMSBl 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 Cl, L1 Package 

TIL Pin 43 Pin 26 

TIL Pin 42 Pin 27 

TIL Pin 41 Pin 28 

TIL Pin 40 Pin 29 

TIL Pin 39 Pin 30 

TIL Pin 38 Pin 31 
TIL Pin 37 Pin 32 

TIL Pin 36 Pin 33 

TIL Pin 35 Pin 34 

TIL Pin 34 Pin 35 

TIL Pin 33 Pin 36 
TIL Pin 32 Pin 37 

TIL Pin 31 Pin 38 
TIL Pin 30 Pin 39 

TIL Pin 29 Pin 40 

TIl Pin 28 Pin 41 
TIL Pin 27 Pin 42 

TIL Pin 26 Pin 43 

TIL Pin 25 Pin 44 

LSI Products Division 
TRW Electronic Components Group 



TMC2010 

Data Outputs (Cont.) 

Name Function 

PIS 

P14 

P13 
P12 
P11 

Pto 

P9 

PB 

P7 

P6 

P5 
P4 

P3 

P2 

PI 

Po Product LSB 

Clocks 

The TMC2010 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 is loaded into the registers at the 
rising edge of the appropriate clock. The RouND (RNDI. Two's 
Complement (TCI, ACCumulate (ACCI and SUBtract (SUBI inputs 

Name Function 

CLK X Clock Input Data X 

CLK Y Clock Input Data Y 

CLK P Clock Product Register 

LSI Products Division 
TRW Electronic Components Group 

Value J3 Package C1. L1 Package 

TIL Pin 24 Pin 45 

TIL Pin 23 Pin 46 

TIL Pin 22 Pin 47 

TIL Pin 21 Pin 48 

TIL Pin 20 Pin 49 

TIL Pin 19 Pin 50 
TIL Pin 18 Pin 51 

TIL Pin 17 Pin 52 

TIL Pin 15 Pin 55 

TIL Pin 14 Pin 56 

TIL Pin 13 Pin 57 

TIL Pin 12 Pin 58 

TIL Pin 11 Pin 59 

TIL Pin to Pin 60 

TIL Pin 9 Pin 61 

TIL Pin B Pin 62 

are registered, with all four bits clocked in at the rising edge 
of the logical OR of both elK x and elK 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 J3 Package C1. L1 Package 

TIL Pin 51 Pin 15 

TIL Pin 50 Pin 16 

TIL Pin 44 Pin 25 

H 69 
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Controls 

The TMC2010 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 IPRELI 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 a/l 
of TSX, TSM, and TXl 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 (TSX, TSM, 
TSU, and to the data being preloaded. These setup and hold 
times are with respect to the rising edge of ClK P. 

RouND (RND! controls the addition of a 1 to the MSB of the 
lSP for rounding. When RND is HIGH, a 1 is added to the 
MSB of the lSP for rounding the product in the MSP and 
XTP Of appropriatel rather than truncating it. 

Two's Complement (TCI 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 
magnitude only inputs. 

Name Function 

TSX XTP Three - State Control 
TSM MSP Three-State Control 

TSl lSP Three-State Control 

PREl Preload Control 

RND Round Control Bit 

TC Two's Complement Control 

ACC Accumulate Control 

SUB Subtract Control 

H 70 

When ACCumulate (ACCI is HIGH, the content of the output 
register is added to or subtracted from the next product 
generated, and their sum is stored back into the output 
registers at the next rising edge of clock 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 IS UBI 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. 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits 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 the loading of these four control signals can be avoided 
by the use of normally lOW clocks. 

Value J3 Package el, L1 Package 

TIl Pin 47 Pin 22 

TIl Pin 45 Pin 24 

TIl Pin 55 Pin 11 

TIl Pin 46 Pin 23 

TIl Pin 54 Pin 12 

TIl Pin 48 Pin 21 

TIl Pin 52 Pin 14 

TIl Pin 53 Pin 13 

LSI Products Division 
TRW Electronic Components Group 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Figure 3. Integer Two's Complement Notation 

Figure 4. Integer Unsigned Magnitude Notation 

LSI Products Division 
TRW Electronic Components Group 
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BINARY POINT 

Xo SIGNAL 

2° DIGIT VALUE 

Yo SIGNAL 

2° DIGIT VALUE 

Po SIGNAL 

2° DIGIT VALUE 1[11 

BINARY POINT 

Xo SIGNAL 

2° DIGIT VALUE 

Yo SIGNAL 

2° DIGIT VALUE 

Po SIGNAL 

20 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 (VOO +0.5VI 

Output 

Applied voltage .............................................................................................................................................................................................. -0.5 to (VOO +0.5VJ 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short- circuit duration (single output in high state to groundl .............. , ........................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -60 to + 130°C 

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

lead, soldering (10 secondsl ..................................................................................................................................................................................................... 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. 

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 

tpWl Clock Pulse Width, lOW 25 30 ns 

tpWH Clock Pulse Width, HIGH 25 30 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 3 3 ns 

Vll Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, logic lOW 4.0 4.0 rnA 

IOH Output Current, logic HIGH -2.0 -2.0 rnA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 + 125 °c 

LSI Products Division 
H72 TRW Electronic Components Group 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

IOOQ Supply Current, Quiescent VOO - MAX, VIN - OV 5 10 mA 

TSt. TSM, TSX - 5.0V 

IOOU Supply Current, Unloaded 1 VOO - MAX, F - 6.2MHz 60 60 mA 

TSl, TSM, TSX - 5.0V 

IDOL Supply Current, Loaded 1. 2 VOO - MAX, F - 6.2MHz 150 210 mA 

TSt. TSM, TSX - OV 

Test Load: VLOAO - VOO MAX 

III Input Current, logic LOW VOO - MAX. VI - 0.4V 
XIN. Controls, Clocks -10 +10 -10 +10 f-lA 

YIN -75 +75 -75 +75 f-lA 

IIH Input Current. logic HIGH VOO - MAX. VI - 2.4V 
XIN• Controls, Clocks -10 +10 -10 + 10 f-lA 

YIN -75 +75 -75 +75 f-lA 

II Input Current, Max Input Voltage VOO - MAX. VI - VOO +75 +75 f-lA 

VOL Output Voltage, logic lOW VOO - MIN. IOl - MAX 0.4 0.4 V 

VOH Output Voltage. logic HIGH VOO - MIN. IOH - MAX 2.4 2.4 V 

IOZl Hi - Z Output leakage Current, Output lOW VOO - MAX, VI - 0.4V -75 +75 -75 +75 f-lA 

IOZH Hi-Z Output leakage Current. Output HIGH VOO - MAX, VI - 2.4V -75 +75 -75 +75 f-lA 

lOS Short- Circuit Output Current VOO - MAX, Output HIGH. one pin to ground. -100 -100 mA 

one second duration max 

CI Input Capacitance TA - 25°C. F - lMHz 15 15 pF 

Co Output Capacitance TA - 25°C. F - lMHz 15 15 pF 

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 Conditions Min Max Min Max Units 

tMA Muttiply-Accumulate Time VOO - MIN 160 200 ns 

to Output Delay VOO - MIN. Test load: VlOAO - 2.2V 45 45 ns 

tENA Three - State Output Enable Delay VOO - MIN. Test load: VlOAO - 1.5V 40 45 ns 

tOiS Three - State Output Disable Delay VOO - MIN. Test load: VLOAO - 2.6V 35 45 ns 

for tOiSO. O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA. which are shown in figure 9, 

2. tOISl denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three -state. 

LSI Products Division 
TRW Electronic Components Group H 73 
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Figure 5. liming Diagram 

NON· MULTIPLEXED INPUTS 
(XIN' CONTROLSI ... XX¥ ¥XX". 

INPUT CLOCKS 
(CLK X. CLK YI 

l-- IS --J f- IH 

i ~~--------------------------------------------------------I Ipw---t ~ 

OUTPUT CLOCK 

THREE·STATE CONTROL 

MULTIPLEXED LEADS 
(YIN' LSPOUTI 

I I--IMA 
1 I 

INPUT DATA 

I 

I 
i--tDIS 

r---~~----------~I 
PRELOAD IN DATA '--____ -.J I : '--______ -.J: --I r--tENA 

NON·MULTIPLEXEO 
OUTPUTS IXTP. MSP) 

~----,,~--------~I IKI ~ 
)>1-1-----«- . PRELOAD IN DATA ~ 

PREVIOUS /--- _,\~ ___ -.J ~--------- I I I 
CYCLE PREVIOUS r--------------------~ I I 

PREL ________________ OU_T_PU_T _______________ g~_~_~~_T __ --'I \ .... ___ _ 
Note: On multiplexed leads. input data and preload in data are applied to the TMC2010. and data out is produced and driven by the TMC2010. 

Figure 6. Equivalent Input Circuit 

n SUBSTRATE 

01 

CONTROL o---JW\r---4~'" 
INPUT 

1Kn 

02 

Figure 8. Test Load 

TO 500n 

OUTPUT PIN~ VLOAO 

1
40PF 

GND 
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Figure 7. Equivalent Output Circuit 

n SUBSTRATE 

01 

..... ----4I~-O OUTPUT 

02 

p WELL 

Figure 9. Transition Levels For Three-State Measurements 

TSM, TSX, 
TSL 

THREE-STATE 
OUTPUTS 

tDiS O.5V 

HIGH IMPEDANCE 

O.5V 
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Preload Truth Table 1 

PREll TSXl TSMl TSll 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 
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 Hi inhibits any change of output register for those outputs in which the three-state control is LOW. 

Application Notes 

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 TMC2010 does not differentiate between this 
operation: 

6 x 2 = 12 
and this operation: 

16/81 x 12/81 = 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 

lSI Products Division 
TRW Electronic Components Group 

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 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 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. 
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Ordering Information 

H 76 

Product Temperature Range Screening Package Package 
Number Marking 

TMC201OJ3C STD - TA - O°C to 70°C Commercial 64 Lead DIP 201OJ3C 
TMC201OJ3G STD - TA - O°C to 70°C Commercial With Burn-In 64 Lead DIP 201OJ3G 
TMC201OJ3F1 EXT - T C - -55°C to 125°C Commercial 64 Lead DIP 2010J3F 
TMC201OJ3A 1 EXT - TC - -55°C to 125°C High Reliability 2 64 Lead DIP 2010J3A 

TMC2010C1C 1 STD - TA - O°C to 70°C Commercial 68 Contact Chip Carrier 2010C1C 
TMC2010C1G 1 STD - TA - O°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 2010C1G 
TMC2010C1F1 EXT - T C - - 55°C to 125°C Commercial 68 Contact Chip Carrier 201OC1F 
TMC2010C1A 1 EXT - T C - - 55°C to 125°C High Reliability 2 68 Contact Chip Carrier 2010C1A 

TMC2010L1C1 STD - TA - O°C to 70°C Commercial 68 Leaded Chip Carrier 2010L1C 
TMC201OL1G 1 STD - TA - O°C to 70°C Commercial With Burn-In 68 Leaded Chip Carrier 2010L1G 
TMC201 OL1 F 1 EXT - TC - -55°C to 125°C Commercial 68 Leaded Chip Carrier 2010L1F 
TMC2010L1A 1 EXT - T C - - 55°C to 125°C High Reliability 2 68 Leaded Chip Carrier 2010L1A 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

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

LSI Products Division 
TRW Electronic Components Group 



TMC2110 
Preliminary 

CMOS Multiplier-Accumulator 
16 X 16 bit, 100ns 
The TMC2110 is a high-speed 16 x 16 bit parallel 
multiplier -accumulator which operates at a 100 nanosecond 
cycle time 110MHz multiply-accumulate ratel. The input data 
may be specified as two's-complement or unsigned magnitude, 
yielding a full-precision 32-bit product. Products may be 
accumulated to a 35-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 IXTPI, a 
16-bit Most Significant Product IMSPI, and a 16-bit Least 
Significant Product ILSPl. Individual three -state output ports 
are provided for the XTP and the MSP; the LSP is multiplexed 
with the Y input. The output register can be preloaded directly 
via the output ports. 

Built with TRW's state-of-the-art l-micron OMICRON -C ™ 
CMOS process, the TMC2110 is pin and function compatible 
with the industry standard TDC10l0, yet operates at more than 
50% greater speed. 

X1N 
(X I5 -XO) l..---,t----,/ 

eLK x }--.--__ ---J 

YIN'LSPOUT 
(Y15-YulP15-PO) 

CLK Y 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

Features 

• lOOns Multiply-Accumulate Time 
• Pin And Function Compatible With TRW TDC1010 And 

TMC2010 
• 16 x 16 Bit Parallel Multiplication With Accumulation To 

35 - Bit Result 

• Selectable Accumulation, Subtraction, Rounding, And 
Preloading 

• All Inputs And Outputs Are Registered TTL Compatible 

• Three-State TTL Compatible CMOS Outputs 
• Two's Complement Or Unsigned Magnitude Operation 

• Low Power Consumption CMOS Process 

• Single +5V Power Supply 
• Available In A 64 Lead Ceramic DIP, 68 Contact Chip Carrier, 

Or 68 Leaded Chip Carrier 

Applications 

• Array Processors 
• Video Processors 
• Radar Signal Processors 

• FFT Processors 
• General Purpose Digital Signal Processors 
• Microcomputer/Minicomputer Accelerators 

TSL 

Phone: 16191 457 - 1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

CLK P 

©TRW Inc. 1985 
40G0181O Rev. B-1/85 
Printed in the U.S.A. 
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Functional Block Diagram 
XIN 
(X1S- X01 '---'---,/ 

ClK X }-~ ___ .....J 

YIN'lSPOUT 
(Yls-YoIP1S- Po1 

Pin Assignments 

Xsl 
X5 2 
~ 3 
X3 4 
X2 5 
Xl 6 
Xo 7 

PO.YO 8 
Pl.Yl 9 
P2.Y2 10 
P3.Y3 11 
P4.Y4 12 
P5.Y5 13 
P6.Y6 14 
~'Y7 15 
GND 16 

P8.Y8 17 
P9.Y9 18 

P1O.Yl0 19 
P11.Y11 20 
P12.Y12 21 
P13.Y13 22 
Pl40Y14 23 
P15.Y15 24 

P16 25 
P17 26 
P18 27 
P19 28 
P20 29 

CLK Y 

P21 30 I 

P22 31 
P23 32 

64 X7 
63 X8 
62 X9 
61 Xl0 
60 Xll 
59 X12 
58 X13 
57 X14 
5& X15 
55 TSl 
54 RND 
53 SUB 
52 ACC 
51 ClK X 
50 ClK Y 
49 VDD 
48 TC 
47 TSX 
46 PREL 
45 TSM 
44 elK P 
43 P34 
42 P33 
41 P32 
40 P31 
39 P30 
38 P29 
37 P28 
36 P27 
35 P28 
34 P25 
33 P24 

64 Lead DIP - J3 Package 
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Pl.Yl 61 
Po.Yo 62 

Xo63 
Xl 64 
X2 65 
X3 66 
~ 67 
X5 68 
X6 1 
X7 2 
Xa 3 
X9 4 

Xl0 5 
Xll 6 
X12 7 
X13 8 
X14 9 

TSL eLK P 

43 P17 
42 Pla 
41 P19 
40 Pzo 
39 P2l 
38 P22 
37 P23 
36 P24 
35 P25 
34 P26 
33 P27 
32 P28 
31 P29 
30 P30 
29 P3l 
28 P32 
27 P33 

68 Contact Or Leaded Chip Carrier - C" L' Package 
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TMC2110 

Functional Description 

General Information 

The TMC2110 consists of four functional sections: input 
registers, an asynchronous multiplier array, an adder, and 
output registers. The input registers store the two 1 B-bit 
numbers which are to be multiplied, and the control lines 
which control the input numerical format (two's complement or 
unsigned magnitudel, output rounding, 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 TMC2110 operates from a single +5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

VDD Positive Supply Voltage 
GND Ground 

Data Inputs 

The TMC2110 has two 1B-bit two's complement or unsigned 
magnitude data inputs, labeled X and Y. The Most Significant 
Bits (MSBsl, denoted X15 and Y15, carry the sign information 
when two's complement notation is used. The remaining bits 
are denoted X14 through Xo and Y14 through YO (with Xo and 
YO the Least Significant Bitsl. Data present at the X and Y 

Name Function 

X15 X Data MSB 

X14 
X13 
X12 
Xll 
XlO 
Xg 
X8 
X7 

Xs 
~ 
X4 
X3 
X2 
Xl 

Xu X Data LSB 

LSI Products Division 
TRW Electronic Components Group 

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 1 B - bit words and 
one 3-bit word: the Most Significant Product (MSPI, the Least 
Significant Product (LSPI, and the eXTended Product (XTPl. 
Three -state output drivers permit the TMC2110 to be used on 
a bus, or allow the outputs to be multiplexed over the same 
1 B -bit output lines. The Least Significant Product (LSPI is 
multiplexed with the Y input. 

Value J3 Package Cl, L 1 Package 

+5.0V Pin 49 Pins 17, 18, 19, 20 

O.OV Pin 16 Pins 53, 54 

inputs are 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 C1, L1 Package 

TIL Pin 56 Pin 10 
TIL Pin 57 Pin 9 

TIL Pin 58 Pin 8 
TIL Pin 59 Pin 7 
TIL Pin 60 Pin 6 

TIL Pin 61 Pin 5 

TIL Pin 62 Pin 4 

TIL Pin 63 Pin 3 
TIL Pin 64 Pin 2 

TIL Pin 1 Pin 1 

TIL Pin 2 Pin 68 

TIL Pin 3 Pin 67 

TIL Pin 4 Pin 66 
TIL Pin 5 Pin 65 
TIL Pin 6 Pin 64 

TIL Pin 7 Pin 63 

H 79 
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TMC2110 

Data Inputs (Cont.) 

Name Function 

Y15 Y Data MSB 

Y14 

Y13 
Y12 
Yll 
YIO 
Y9 
YB 

Y7 
Y6 

Y5 
Y4 

Y3 
Y2 

Yl 

YO Y Data lSB 

Data Outputs 

The TMC2110 has 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 Most Significant Product (MSPI and Least 
Significant Product (LSPI, and one 3 - bit output word, the 

Name Function 

P34 Product MSB 

P33 

P32 

P31 

P30 
P29 
P28 

P27 
P26 

P25 
P24 

P23 

P22 
P21 

P20 
P19 

PIB 
P17 
P16 

H 80 

Value J3 Package Cl, L1 Package 

TIL Pin 24 Pin 45 
TIl Pin 23 Pin 46 

TIl Pin 22 Pin 47 

TIL Pin 21 Pin 48 

TIl Pin 20 Pin 49 

TIl Pin 19 Pin 50 

TIl Pin lB Pin 51 

TIL Pin 17 Pin 52 

TIl Pin 15 Pin 55 

TIl Pin 14 Pin 56 

TIl Pin 13 Pin 57 

TIL Pin 12 Pin 58 

TIL Pin 11 Pin 59 

TIl Pin 10 Pin 60 

TIl Pin 9 Pin 61 

TIl Pin B Pin 62 

eXTended Product (XTPI. The Most Significant Bit (MSB I 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 Cl, L1 Package 

TIl Pin 43 Pin 26 
TIl Pin 42 Pin 27 
TIL Pin 41 Pin 2B 

TIL Pin 40 Pin 29 

TIL Pin 39 Pin 30 

TIL Pin 3B Pin 31 
TIL Pin 37 Pin 32 

TIL Pin 36 Pin 33 
TIL Pin 35 Pin 34 

TIL Pin 34 Pin 35 

TIl Pin 33 Pin 36 
TIL Pin 32 Pin 37 

TIL Pin 31 Pin 38 

TIL Pin 30 Pin 39 

TIL Pin 29 Pin 40 

TIL Pin 28 Pin 41 
TIl Pin 27 Pin 42 

TIL Pin 26 Pin 43 

TIL Pin 25 Pin 44 

LSI Products Division 
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Data Outputs (Cont.) 

Name Function 

PI5 
PI4 
PI3 
PI2 
P11 
PIO 
P9 
PB 
P7 

P6 
P5 
P4 
P3 
P2 

PI 

Po Product LSB 

Clocks 

The TMC2110 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 is loaded into the registers at the 
rising edge of the appropriate clock. The RouND (RNDI, Two's 
Complement (TCI, ACCumulate (ACCI, and SUBtract (SUBI 
inputs are registered, with all four bits clocked in at the rising 

Name Function 

CLK X Clock Input Data X 

CLK Y Clock Input Data Y 

ClK P Clock Product Register 

LSI Products Division 
TRW Electronic Components Group 

Value J3 Package Cl, L 1 Package 

TTL Pin 24 Pin 45 
TTL Pin 23 Pin 46 
TTL Pin 22 Pin 47 
TTL Pin 21 Pin 48 
TTL Pin 20 Pin 49 
TTL Pin 19 Pin 50 
TTL Pin 18 Pin 51 
TTL Pin 17 Pin 52 
TTL Pin 15 Pin 55 
TTL Pin 14 Pin 56 
TTL Pin 13 Pin 57 
TTL Pin 12 Pin 58 
TTL Pin 11 Pin 59 
TTL Pin 10 Pin 60 
TIL Pin 9 Pin 61 
TTL Pin B Pin 62 

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 the loading of these four 
control signals can be avoided by the use of normally lOW 
clocks. 

Value J3 Package Cl, L1 Package 

TIL Pin 51 Pin 15 
TTL Pin 50 Pin 16 
TTL Pin 44 Pin 25 
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Controls 

The TMC2110 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 (PREll 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 (TSX, TSM, TSU, and to 
the data being preloaded. These setup and hold times are with 
respect to the rising edge of ClK P. 

RouND (RNDI controls is the addition of a 1 to the MSB of 
the lSP for rounding. When RND is HIGH, a 1 is added to the 
MSB of the lSP for rounding the product in the MSP and XTP 
(if appropriate I rather than truncating it. 

Two's Complement (TCI 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. The necessary sign extension for 
negative two's complement numbers is provided internally. 

Name Function 

TSX XTP Three-State Control 
TSM MSP Three-State Control 
TSl lSP Three-State Control 
PREl Preload Control 

RND Round Control Bit 
TC Two's Complement Control 
ACC Accumulate Control 
SUB Subtract Control 

H 82 

When ACCumulate (ACCI 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 will be 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 (SUBI 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. 

The RND, TC, ACC, and SUB inputs are registered, with all 
four bits 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 
the loading of these four control signals can be avoided by the 
use of normally lOW clocks. 

Value J3 Package C1, L 1 Package 

TTL Pin 47 Pin 22 
TTL Pin 45 Pin 24 
TTL Pin 55 Pin 11 
TTL Pin 46 Pin 23 

TTL Pin 54 Pin 12 

TTL Pin 46 Pin 21 
TTL Pin 52 Pin 14 
TTL Pin 53 Pin 13 

LSI Products Division 
TRW Electronic Components Group 
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Figure 1. Fractional Two's Complement Notation 
BINARY POINT 

Figure 2. Fractional Unsigned Magnitude Notation 
BINARY POINT 

Figure 3. Integer Two's Complement Notation 

Figure 4. Integer Unsigned Magnitude Notation 

LSI Products Division 
TRW Electronic Components Group 

BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE 1111 
BINARY POINT 

Xo SIGNAL 

20 DIGIT VALUE 

Yo SIGNAL 

20 DIGIT VALUE 

Po SIGNAL 

20 DIGIT VALUE 
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Absolute maximum ratings Ibeyond which the device will be damagedP 

Supply Voltage ......................................................................................................................................................................................................................................... -0.5 to + 7.0V 

Input Voltage ................................................................................................................................................................................................................................. -0.5 to (VOO +0.5V1 

Output 

Applied voltage ................................................................................................................................................................................................ -0.5 to (VOO +0.5V12 

Forced current ........................................................................................................................................................................................................... -1.0 to 6 mA3,4 
Short· circuit duration (single output in high state to ground) ............................................................................................................................................. 1 sec 

Temperatll'e 
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. 
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 

tpWL Clock Pulse Width, LOW 25 30 ns 

tpWH Clock Pulse Width, HIGH 25 30 ns 

ts Input Setup Time 25 30 ns 

tH Input Hold Time 0 3 ns 

V,L Input Voltage, Logic LOW O.B O.B V 

V,H Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 rnA 

IOH Output Current, Logic HIGH -:-2.0 -2.0 rnA 

TA Ambient Temperature, Still Air 0 70 °e 

TC Case Temperature -55 + 125 °C 

LSI Products Division 
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TMC2110 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

100Q Supply Current, Quiescent VOO - MAX, VIN - OV 10 10 

TSl, TSM, TSX - 5.0V 

100U Supply Current, Unloaded 1 VOO - MAX, F - lOMHz 100 100 

TSl, TSM, TSX - 5.0V 

IDOL Supply Current, loaded I, 2 VOO - MAX, F - 10MHz 250 250 

TSl, TSM, TSX - OV 

Test load: VloAO - VOO MAX 

III Input Current, logic lOW VOO - MAX, VI - 0.4V 
XIN' Controls, Clocks -10 +10 -10 +10 

YIN -75 +75 -75 +75 

IIH Input Current, logic HIGH VOO - MAX, VI - 2.4V 
XIN, Controls, Clocks -10 +10 -10 +10 

YIN -75 +75 -75 +75 

II Input Current, Max Input Voltage VOO - MAX, VI - VOO +75 +75 

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 

lOll Hi - l Output leakage Current, Output lOW VOO - MAX, VI - 0.4V -75 +75 -75 +75 

loZH Hi-l Output leakage Current, Output HIGH VOO = MAX,. VI - 2.4V -75 +75 -75 +75 

lOS Short - Circuit Output Current VOO - MAX, Output HIGH, one pin to ground, -100 -100 

one second duration max 

CI Input Capacitance TA - 25°C, F - lMHz 10 10 

Co Output Capacitance TA - 25°C, F - lMHz 10 10 

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 Conditions Min Max Min Max 

tMA Multiply-Accumulate Time VOO = MIN 100 120 

to Output Delay VOO = MIN, Test load: VLDAO = 2.2V 35 40 

tENA Three-State Output Enable Delay VOO - MIN, Test load: VLDAO - 1.5V 30 35 

tOiS Three-State Output Disable Delay VOO = MIN, Test load: VloAO - 2.6V 30 35 

for tOlSO, O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA, which are shown in figure 9. 

2. tOISl denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three -state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

rnA 

rnA 

rnA 

f.1.A 

f.1.A 

f.1.A 

f.1.A 

f.1.A 

V 

V 

f.1.A 

f.1.A 
rnA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 
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Figure 5. Timing Diagram 

NON·MULTIPLEXED INPUTS 
(XIN' CONTROLS) ... XXi ¥XX". 

INPUT CLOCKS 
ICLK X. CLK Y) 

f-- IS ---j I-- IH 

i ~~---------------------------------------------------------I Ipw ---1 r--
OUTPUT CLOCK 

THREE·STATE CONTROL 
I I 

~IDISI-­
I 

I I--IMA 
I I 

INPUT DATA 

I 

I 
I--IOIS 

~-~","---------"""'\I 
DATA OUT PRELOAD IN DATA 

MULTIPLEXED LEADS 
(YIN' LSPOUT) 

NON· MULTIPLEXED 
OUTPUTS (XTP. MSP) 

'------~I :~----~l ~ r--IENA 

lI-----------------:----\'\.r----DA-TA-O-U-T -"""")>1-: --...... k, ~RELOAD IN DATA H----E 
PREVIOUS /'-----' ~~--------' '----------- I I I 
CYCLE PREVIOUS ,.. _____________________ "" I I 

PREL _________________ OU_T_PU_T ______________ gY_U~_~~_T _ __J1 \""' ___ _ 
Note: On multiplexed leads, input data and preload in data are applied to the TMC2110, and data out is produced and driven by the TMC2110. 

Figure 6. Equivalent Input Circuit 

VDD 

D1 

CDNTRDL o--""'~-....... 
INPUT 

Figure 8. Test Load 

TO soon 
OUTPUT PIN~ VLOAD 

140PF 

GND 
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Figure 7. Equivalent Output Circuit 

n SUBSTRATE 

D1 

....--4I~-O DUTPUT 

D2 

Figure 9. Transition Levels For Three-State Measurements 

T8M, TSX, 
TSL 

THREE-STATE 
OUTPUTS 

O.5V 

HIGH IMPEDANCE 

O.5V 
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Preload Truth Table 1 

PREll TSXl TSMl TSll 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 
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 Hi inhibits any change of output register for those outputs in which the three - state control is LOW. 

Application Notes 

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 

Selection of Numeric Format 

Essentially, the difference between integer, mixed, and fractional 
notation in system design is only conceptual. For example, the 
TMC2110 does not differentiate between this operation: 

6 X 2 = 12 
and this operation: 

16/81 X 12/81 = 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 

LSI Products Division 
TRW Electronic Components Group 

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 (and input and 
output signals often share the same line I, 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. 
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Ordering Information 

H 88 

Product Temperature Range 
Number 

TMC211OJ3C STD - TA - DOC to 7DoC 

TMC211OJ3G STD - TA - DOC to 7DoC 

TMC211OJ3F 1 EXT - T C - -55°C to 125°C 
TMC211OJ3A-'- EXT - T C - -55°C to 125°C 

TMC211DC1C 1 STD - TA - DOC to 7DoC 

TMC211DC1G1 STD - TA - DOC to 7DoC 

TMC211DC1F1 EXT - T C - -55°C to 125°C 

TMC2110CIA 1 EXT - TC - -55°C to 125°C 

TMC211Dl1C1 STD - TA - DOC to 7DoC 

TMC211Dl1G 1 STD - TA - DOC to 7DoC 

TMC211Dl1F1 EXT - TC - -55°C to 125°C 

TMC211Dl1A 1 EXT - T C - -55°C to 125°C 

Notes: 
I. Contact factory for availability. 

2. Per TRW document 70Z01757. 

Screening Package Package 
Marking 

Commercial 64 lead DIP 211OJ3C 

Commercial With Burn-In 64 lead DIP 211OJ3G 

Commercial 64 lead DIP 2110J3F 

High Reliability 2 64 lead DIP 211OJ3A 

Commercial 68 Contact Chip Carrier 211DCIC 

Commercial With Burn-In 68 Contact Chip Carrier 2110CIG 

Commercial 68 Contact Chip Carrier 211DClF 

High Reliability 2 68 Contact Chip Carrier 2110CIA 

Commercial 68 leaded Chip Carrier 2110l1C 

Commercial With Burn-In 68 leaded Chip Carrier 211011G 

Commercial 68 leaded Chip Carrier 211Dl1F 

High Reliability 2 68 leaded Chip Carrier 211Dl1A 

TAW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TAW Inc. or 
others. 
Pre6minary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TAW for current information. 
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Special Function Products 

LSI Products Division 

TRW LSI has several special function 
devices to address particular 
requirements found in digital signal 
processing. Floating point arithmetic 
has significant processing advantages 
over fixed point, specifically, a vastly 
improved dynamic range without 
excessive word size. Prior to the 
introduction of the TRW LSI floating 
point devices, performing floating point 
arithmetic required massive investments 
in hardware. 

Correlation is a function frequently 
found in digital signal processing 
systems. Digital correlators provide a 
measure of the similarity between two 
signals. 

Digital filtering often involves complex 
hardware; for even simple filtering 
functions, the sequencing of 
instructions can become difficult. The 
TDC 1028 is an 8-tap finite impulse 
response (FIR) filter element which 
handles 4-bit data and coefficients and 
can be easily expanded in coefficient 
size, data size, and filter length. 

The special function devices are all 
TTL compatible and are built using the 
triple-diffused bipolar technology. 

Floating Point Devices 
TRW LSI floating point hardware uses 
a 22-bit data format specifically suited 
to many digital signal processing 
applications. The I6-bit significand and 
6-bit exponent are both two's 
complement numbers. This data format 
allows the full precision of the 
significand to be maintained over the 
dynamic range of the exponent 
(equivalent to 64 bits fixed point). 

The TDC 1022 floating point arithmetic 
unit performs the following floating 
point operations: addition, subtraction, 
normalization, and denormalization. 
The device has a feedback path for 
accumulation. Two 22-bit operands are 
accepted through an input port, the 
desired arithmetic operations are 
performed, and the output emerges 
through a three-state output port. 
Internal pipeline registers may be 
enabled to allow a IOMHz data 
throughput rate. 

Correlators 
A digital correia tor is a device which 
measures, bit-by-bit, the congruence 

TRW Electronic Components Group 

between two strings of bits, 
"reference" and "data." The output is 
a binary number tallying the number of 
matches between the two bit strings. A 
correlation score of zero indicates 
perfect anticorrelation, such that each 
"1" in the reference aligns with a "0" 
in the data stream, and vice-versa. 
Conversely, a maximum score indicates 
that each bit in the reference stream 
matches the corresponding bit in the 
data stream. 

A digital correlator consists of two 
tapped shift registers, one for the data 
and one for the reference code. In the 
TDC 1004 and TDC 1023, each shift 
register is 64 taps long. At each tap, 
the contents of the reference register 
are exclusive-NORed with those of the 
data register; the 64 results are then 
tallied by a parallel counter. The output 
of the counter is the 6-bit 
binary-encoded correlation score, which 
runs between 0 and 64, inclusive. 

Both correlators also include a masking 
function, which permits the user to 
eliminate any of the taps from 
consideration in the correlation score. 
For example, a 32-tap correlator can be 
built by masking off the last half of a 
TDClO04 or TDC1023, leaving only 
the first 32 taps active. 

The TDC I 023 offers the additional 
benefit of a reference preload/holding 
latch structure, in which the contents of 
the reference register can be stored. 
With the latch in this hold mode, the 
reference register can be preloaded 
with the next sequence. Returning the 
latch to its "track" mode reprograms 
the chip to correlate with the new 
(preloaded) reference sequence. 

Digital Filter 
The TDC 1 028 consists of eight 4-bit 
Multiply-ADd (MAD) cells, organized 
into a one-dimensional systolic array. 
The chip accommodates 4-bit data 
through its data input port, and outputs 
I3-bit sums at the same rate, through 
its SUMOUT port. The TDC 1028 
performs the standard vector inner 
product or convolutional sum: 

SUM OUT ~ SUM IN + aOlnl + bOln·11 + 

+ hOln·7l, 

I 3 
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where a through h are the 
(preprogrammed) coefficients and the 
D(i) are the eight data values most 
recently clocked into the data input 
port. 

Power 
Clock 

Product Description Size Rate' (nsl 

TDC1004 Correlator 64xl 100 

TDC1022 Floating Point 22-Bit 100 
Arithmetic Unit 

TDC1023 Correlator 64xl 60 

TDC1028 FIR Filter 4x4x8 100 

Note: 1. Guaranteed, Worst Case, TAm DoC to 70°C. 

The SUMIN port permits the user to 
cascade the chips serially, to build 
either longer (more taps) or wider 
(greater resolution) filters from these 
"building block" chips. To facilitate 
parallel expansion, the data and 
coefficients have independent two's 
complement/unsigned magnitude 
controls. 

Dissipation 
(Wattsl Package Notes 

0.7 J9 Analog current output 

4.7 Jl Two's complement 

1.8 J7 Binary digital output 

3.7 J4 8 Taps 

LSI Products Division 
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TDC1004 

Analog Output, Digital Correlator 
64-bit 

The TRW TDC1004 is a 64-bit digital correlator with a current 
source analog output. The device consists of three 64-bit, 
independently-clocked shift registers capable of a shift speed 
of 15M Hz and a parallel correlation rate of 10M Hz. 

Correlation takes place when two binary words are serially 
shifted into the A and B registers. The two words are 
continually compared, bit for bit by exclusive-NOR (XNOR) 
circuits. Each XNOR circuit controls a current source. The 
current output of each current source is then summed to 
produce the correlation current that is proportional to the 
degree of correlation. 

The third 64-bit shift register (M registerl is provided to allow 
the user to mask or selectively choose "no compare" bit 
positions. 

Functional Block Diagram 

Features 

• 10MHz Correlator Speed 
• 15MHz Shift Speed (Static Shift Registers) 

• Current Output 

• Mask Register 

• TTL Compatible 
• Available In 16 Lead Ceramic DIP 

• Radiation Hard 

• 700mW Power Consumption 

Applications 

• Image Comparison/Recognition 

• Bit/Word Synchronization 

• Key Word Detection 
• Error Correction Coding 

• Radar And Sonar 

ClK A ----.----_~---+--

1----... AOUT 

.----+---+_-+-----+-- - - - - - -1-----+ COUT 

r---....L...f---r----'-+---'T--'4-......... - - - - - ....---....L...j.-..... 

'----r+-....L..---r+----L-~r-+----I - - - __ '--_.......+_...J 

ClK B -----++---__+_+-------4~- - - - - -
....------1..--.---..1...----.--_-'-....... ______ ---'--_ 

'--_~-....L..-_,_---'--___,,....-----J _____ L...-_ ........ _-' 

ClK M -----~---__+_---~~-

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

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

BOUT 
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TDC1004 

Functional Block Diagram 

elK A ------e----....... ----........ --

t----.. AOUT 

..-+----+--4----+--- - - - - - -+----.----.. 

,.....-"""-j'--___r--"-t--.,...---'--+-___.-----r-----'-+__~ 

L...--""T""'ll--.....L--r-+----'--'"""'T'-+----'-----'---"""'T""+__~ 

elK B ------++------+-I-----+--t-- - - - - -
,.....-~~___r--~-.,...--~___.-----r----~~ 

L...---r--.....L--r-----'--'"""'T'----'-----~-~---' 

elK M ------+------+-----+----

Pin Assignments 
IREF 16 VCC 

COUT 15 CLK B 
VBB 14 CLK A 

MOUT 13 CLK M 

BOUT 12 AIN 
AOUT 11 BIN 

NC 10 MIN 
GND 9 NC 

16 Lead DIP - J9 Package 

Functional Description 

General Information 

The TDC1004 has three 64-bit long shift registers: A,B and M. 
Shift registers A and Bare bit-by-bit XNORed (gate provides 
a true output if the two inputs are the samel. The 64 results 
are then bit-by-bit ANDed with the M register. Each of the 

I 6 

outputs of the AND gates are used to turn on one of the 64 
equally weighted current sources whose outputs are summed 
to provide the analog correlation output. 

LSI Products Division 
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TDC1004 

Reference 

The TDC1004 provides an output current of: 

lOUT = N x ISIT + ICOZ 

where ISIT is the individual bit output current, N is the 
number of correlating bits and ICOZ is the offset current. 

Name Function 

Reference Current 

Correlation Output 

The output of the TDC1004 is a current source at pin 2. The 
output stage consists of the collector of an NPN transistor 
whose base is connected to VBB; it is therefore critical that 

Name Function 

COUT Analog Output 

VBB Base Bias Voltage 

Power 

The TDC1004 operates from a +5.0V supply. A bias voltage of 
+6.0V is also required. Since less than 100J,l.A are drawn from 

Clocks 

ClK A, 
ClK M, 
ClK B 

Data Inputs 

Name Function 

VCC Supply Voltage 

VBB Secondary Supply Voltage 

GNO Electrical Ground 

Clock input pins for the A, M, and B registers, 
respectively. Each register may be independently 
clocked. 

Name Function 
ClK A A Register Clock 

ClK M M Register Clock 

ClK B B Register Clock 

Sy adjustment of IREF as described in the calibration 
procedure, the mean bit current variation can be zeroed. IREF 
is a current input. The voltage at this pin may vary from 
device to device due to input impedance variations. 

Value J9 Package 

350 J,l.A Pin 1 

the voltage at the output pin be kept 1.5V to 2.5V above VBB 
to avoid saturation of this output transistor. VSB should be set 
to a voltage level of VCC + lV ± O.3VDC. 

Value J9 Package 

300 to 3028 J,l.A Pin 2 

6V Pin 3 

this supply, a separate supply is not necessary and the VSS 
can be provided by the circuit shown in Figure 6. 

Value J9 Package 

+5V Pin 16 

+6V Pin 3 

OV Pin 8 

Value J9 Package 

TTL Pin 14 

TTL Pin 13 

TTL Pin 15 

MIN Input to the M register. Allows the user to AIN, SIN 
choose "no compare" bit positions. A "0" in any 

Input to the A and B 64-bit serial shift 
registers. 

bit location will result in a no -compare state 
for that location. 

Name Function Value J9 Package 

MIN Mask Register Input TTL Pin 10 

AIN Shift Register Input TTL Pin 12 

BIN Shift Register Input TTL Pin 11 

LSI Products Division 
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TDC1004 

Data Outputs 

BOUT, Outputs of the three 54-bit serial shih registers: 
AOUT, B, A, and M, respectively. 
MOUT 

Name Function 

BOUT Shih Register B Output 

AOUT Shih Register A Output 

MOUl Shih Register M Output 

No Connects 

There are two leads labeled no connect INCI, which have no 
connections to the chip. These leads may be connected to 
ground for increased noise reduction. 

Name 

NC 

Figure 1. Timing Diagram 

CLOCK 
A, B or M 

DIGITAL 
INPUT 

DIGITAL 
OUTPUT 

Function 

No Connect 

Value 

TIL 

TIL 
TIL 

Value 

GND 

,-..---ICO ----tl_~_1_ 

ANALOG 
OUTPUT 

Figure 2. Analog Output Test Load 
8.DV 

~~~~------------T9: OF FULL SCALE VOLTAGE 

Figure 3. Analog Output Equivalent Circuit 

J9 Package 

Pin 5 

Pin 6 

Pin 4 

J9 Package 

Pins 7, 9 

ANALOG OUTPUT 

TO OUTPUT PIN -----... 

4Kn (SINGLE BIT TESn 
86.6 n (FULL SCALE TESn 

~ 40pf 

I 8 
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TDC1004 -~.-. 
/I 8 vs.JlIflI 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to + 7.0V 

Current Source 

Reference signal, IREF ............................................................................................................................................................................................................. 5.0 mA 

Input Voltage 

Data and Clock ................................................................................................................................................................................................................... 0.0 to 5.5V 

Output Voltage 

Digital outputs, AOUT' BOUT, MOUT ............................................................................................................................................................................. 0.0 to 5.5V 

Analog output, COUT ...................................................................................................................................................................................................... VBB to 8.5V 

Applied voltage ............................................................................................................................................................................................................. - 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 groundl ......................................................................................................................................... 1 sec 

Temperature 

Operating, ambient .................................................................................................................................................................................................... -55 to + 150°C 

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

lead, soldering (10 secondsl .................................................................................................................................................................................................. + 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 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Positive Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

VBB Secondary Supply Voltage 5.7 6.0 6.3 5.7 6.0 6.3 V 

IREF Reference Current 320 350 320 350 IJ.A 

VCO Analog Output Voltage 6.5 VBB+2V 8.5 6.5 VBB+2V 8.5 V 

ICOFS Full- Scale Analog Output Current 2.73 3.03 2.73 3.03 mA 

tpw Clock Pulse Width 20 20 ns .. 
ts Input Register Set - Up Time 20 20 ns 

tH Input Register Hold Time 10 10 ns 

Vll Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, logic lOW 4.0 4.0 mA 

IOH Output Current, logic HIGH -400 -400 IJ.A 

V (lREFl Current Reference Voltage 2.2 2.2 V 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

LSI Products Division 
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TDC1004 

Electrical characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current Vcc - MAX 130 130 mA 

I (VBB) Secondary Supply Current 100 100 p.A 

VOL Output Voltage, Logic LOW VCC - MIN, IOL - 4.0mA 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, IOH - -0.4mA 2.4 2.4 V 

IlL Input Current, Logic LOW VCC - MAX, V,L - 0.4V Clock -4.0 -4.0 mA 
Oata -O.B -O.B mA 

"H Input Current, Logic HIGH VCC - MAX, VIH - 2.4V Clock 200 200 p.A 
Data 50 50 J.l.A 

IBIT Single - Bit Analog Output (Delta) See Note 2 37 43 37 43 J.l.A 

ICOZ Zero Correlation Analog Output (Offset) See Note 2 300 340 300 340 p.A 

Notes: 
1. Test conditions: VCC' Vss, 'REF - NOM, measured under DC conditions. 

2. After calibration to ICOFS IFull- Scale Analog Output Currentl. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICO Analog Output Delay See Figure 2 100 100 ns 

to Digital Propagation Delay See Figure 1 65 65 ns 

FSI Maximum Clock Frequency Analog output 10 10 MHz 
Oigital outputs 15 15 MHz 

LSI Products Division 
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Application Notes 

The TDC1004 is a 64-bit digital correlator with current source VBB may be provided by the circuit shown below: 
analog output. The device performs a bit-for-bit exclusive-OR 
correlation. In a mathematical sense the TDC1004 performs a 
convolution on 1-bit words which can be expressed in the Figure 6. 
general form: 

N 
ylk) = ~ kin)· xln - k) 

n=l [
Logical 1 = + 1 1 
Logical a = -1 

In some applications it may be useful to utilize the output 
current to generate a voltage source for threshold triggering. 
When converting the output to a voltage, insure that the 
voltage at the output pin remains above VBB in order to avoid 
saturation of the output transistor. It is recommended that the 
voltage at COUT be in the range of 7.5V to B.5V for a 6.0V 
VBB. Two methods for achieving this are shown below: 

Figure 4. 

Figure 5. 

R 

Note: 1. 7.5V < VH < B.5V 

lSI Products Division 
TRW Electronic Components Group 

+8V TO +18V 

1K 

BASE BIAS VOLTAGE VBB 

Vee 

.. 
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Calibration 

The TDC1004 requires two supplies NBB and Vee) and a 
reference current source IIREF) for proper operation. The 
voltage at the IREF pin will vary from part to part due to 
differences in input impedance; hence, the source will be 
specified as a current source. The analog output current will 
be directly proportional to IREF; therefore it is necessary to 
scale IREF to minimize output error due to variations. 

The total output current lIeONI is equal to the number of 
correlation bits (NI times the individual bit currents 
(lBIT = 4DIlA ± 31lAI plus the offset current 
(leOl = 32DIlA ± 20llAI. 

Therefore, the total output current can be expressed as: 

ICON = N x IBIT + ICOl 

As noted in the electrical characteristics, IBIT and leOl vary 

Ordering Information 

Product Temperature Range 
Number 

TDC1004J9C STD- TA - DOC to 70°C 
TDC1004J9G STD-T A - DoC to 70°C 

TDC1004J9F EXT - TC - -55°C to 125°C 
TDC1004J9A EXT - TC - -55°C to 125°C 

Note: 
1. Per TAW document 70Z01757. 

separately over the temperature range; thus, by using the 
following procedure, I REF can be adjusted to yield a 
statistically zero mean input current variation. 

Calibrate I REF as follows: 

11 Set VBS at Vee + 1 ± D.3V 
21 Set IREF to 320llA 
31 Measure ICOl Izero correlation analog output current) 

41 Measure leOFS (full scale correlation analog outputl 

51 Reset IREF to: 

2.56mA 
* New IREF = x Old IREF 

(leOFS-leOll 

*This procedure may be. done iteratively by taking the new 
IREF and repeating steps 3 through 5. 

Screening Package Package 
Marking 

Commercial 16 lead DIP 1004J9C 
Commercial with Burn-In 16 lead DIP 1004J9G 

Commercial 16 lead DIP 1004J9F 
High Reliability 1 16 lead DIP 1004J9A 

TAW reserves the right to change products and specifications without notice. This informaion does not convey any license under patent rights of TRW Inc. or 
others. 

LSI Products Division 
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IDC1022 
Preliminary Information 

Floating Point Arithmetic Unit 
22-bit 
The TDC1022 is a monolithic, 22 - bit floating point arithmetic 
unit. Its operands are two 22 - bit floating point numbers, each 
with a 16-bit two's complement significand and a two's 
complement 6 - bit exponent. All data inputs and outputs, 
instruction bits, and controls are registered. 

The TDC1022 allows parallel loading and outputting of data. 
Internal pipeline registers may be enabled to permit a 
throughput rate of 10MHz (lOOns). Three -state output buffers 
are provided. A" signals are TTL compatible. 

Features 

• Two's Complement Floating Point Operation 
• lOOns Pipelined Cycle Time 
• Dynamic Range Equivalent To 64-Bit Fixed Point 

• Parallel Data 110 Structure 

Functional Block Diagram 

INPUT 
SECTION 

LSI Products Division 

OENORMALIZE 
SECTION 

TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Selectable Pipelining 
• Selectable Add/Accumulate Function 
• Selectable Overflow/Underflow Characteristics 
• Three -State TTL Outputs 
• Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68 

Leaded Chip Carrier 

Applications 

• ALU In Array Processors 
• Microprogrammed Signal Processors 
• Conversion Between Fixed/Floating Point Numbers 
o Floating Point Digital Filters And FFT's 
o Geometric Transforms 

• Image Processing 

RENORMALIZE 
SECTION 

Phone: 16191 457 -1 000 
Telex: 697 -857 
TWX: 910-335-1571 

ROUNDSCAlE,ILlMIT 
SECTION 

OUTPUT 
SECTION 

©TRW Inc. 1985 
40G00270 Rev. 0-3/85 
Printed in the U.S.A. 

.. 



TDC1022 

Functional Block Diagram 
ACCUMULATOR PATH 

L--J 
~~~~~ON DENORMAlIIE RENORMALIZE ROUND/SCALE/LIMIT g~i~~1 SECTION SECTION SECTION 

Pin Assignments 

0015 64 0014 
GND 63 0013 
EUN 62 0012 

ZERO 61 0011 
EOV 60 0010 
SOV 59 009 

0016 58 008 
0017 57 007 
0018 9 56 006 
0019 10 55 005 
0020 11 54 004 
0021 12 53 003 
SCA 13 52 002 
lMT 14 51 001 
RND 15 50 000 
GND 16 49 VCC 
[jjj 17 48 DE 

'2 18 47 FT 

'1 19 46 ClK 
10 20 45 lDB 

ACC 21 44 lOA 
Dl21 22 43 010 
Dl20 23 42 011 
Dl19 24 41 Dl2 
0118 25 40 013 
Dl17 26 39 014 
Dl16 27 38 Dl5 
0115 28 37 016 
0114 29 36 0/7 
Dl13 30 35 Dl8 
Dl12 31 34 0/9 
DlI1 32 33 Dl10 

64 Lead DIP - J1 Package 

LSI Products Division 
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TDC1022 

Functional Description 

General Information 

The TDC1022 has six functional sections: input section, 
denormalizer, AlU, renormalizer, round/scalellimit section, and 
output section. 

Two 22-bit floating point operands, along with the instructions 
and controls, are brought into the TDC1022 at the input 
section. When accumulate mode is selected, the operands are 
the result of the previous calculation. 

The denormalizer selects the operand with the smaller 
exponent and downshifts its significand to compensate for the 
difference in exponents. The operands are then passed to the 
AlU. 

The AlU performs the selected arithmetic function and passes 
its result to the renormalizer. Data pipeline registers located 

Input Section 

The inputs to the TDC1022 are: data inputs 0121-0, latch A 
control (LOAI, enable signals for Registers B and I (lOB, lOll, 
mode controls ACCumulate IACC) and Pipeline Register 
FeedThrough (FTI, three AlU instruction bits 112-01, and three 
signals which control adjustment of the ALU result: RouND 
lANDI, SCAle ISCAI, and liMiT IlMTI. All inputs are registered 
except FT, ACC, and the register controls. 

Operand Input 

Input operands A and Bare timeshared on one 22-bit input 
port. Latch A is provided before the input to Register A to 
allow for proper demultiplexing to Registers A and B. Latch A 
is transparent when rnA is low. Data A is clocked into Latch 
A at the rising edge of LOA. MUXIA) selects between the 

LSI Products Division 
TRW Electronic Components Group 

between the ALU and the renormalizer may be enabled to 
permit a throughput rate of 10MHz (lOOnsl. 

The renormalizer removes redundant leading bits (zeroes in the 
case of positive numbers, ones in the case of negative 
numbersl by upshifting the significand and decrementing the 
exponent accordingly. The number is normalized when the MSB 
and the next bit differ (S15 G) S14 = 11. Flags are generated 
in this section which are used by the limiter. 

User selectable rounding, scaling (decrementing the exponent by 
one, thus performing division by twol, and limiting functions 
are available. The adjusted result, along with the flags, then 
enters the output registers. 

contents of latch A IACC = 0) and the result of the previous 
calculation IACC = 1) based on the state of the accumulate 
control, ACC. Register A is always loaded at the rising edge of 
ClK. 

Register B inputs are also connected to the input port 
10121-01. Register B is in hold mode when lOB is high, and is 
loaded at the rising edge of ClK when lOB is low. 

Instruction and Control Input 

The instruction register (Register II accepts inputs 12-0, RND, 
SCA, and LMT when lJTI is low. When lol is high, Register I 
is in hold mode. The rising edge of ClK loads Register I when 
lDI is low. 

I 15 

.. 



TDC1022 

Denormalizer Section 

Floating point addition is performed by forcing the two 
exponents to equal values and then adding the significands. 
The greatest accuracy is maintained by denormalizing the 
operand with the smaller exponent. This is done by 
right -shifting the significand n -places with sign - extension 
(downshifting I, where n is the difference between the two 
exponents. The exponent of the denormalized operand is 
incremented by n, thereby equating the exponents. These 
internal operations are performed automatically by the 
TDC1022. 

ALU Section 

Operation of the ALU section is controlled exclusively by the 
ALU instruction microcode, 12-0. The 17 bit significand 
emerging from the ALU (which includes one overflow bitl 
enters the significand pipeline register !Register SI, and the 
exponent enters the exponent pipeline register (Register EI. 
These registers may be made transparent by asserting the 
feedthrough control (FT = 11; they are functional when FT = O. 
Note that there is no pipeline register for the instructions. 
Detailed discussion of the pipelined mode is provided at the 
end of the ALU functional description. The eight ALU 
instructions are described below. 

ALU Instructions 

Instruction 12 10 

I 16 

Name 
ZERO 

A + B 
A - B 

B - A 

Normalize B 

Normalize 1-B) 

Denormalize A 

Denormalize (- A) 

With 16-bit significands, the maximum allowable shih is 15 
bits. If the exponents differ by 16 or more, the TDC1022 will 
yield a significand of zero (0.000 0000 0000 00001 when 
denormalizing a positive number and a significand of -1 LSB 
11.111 1111 1111 11111 when denormalizing a negative number. 
All bits shifted beyond the LSB position are truncated. 

After denormalization, the two significands are passed to the 
ALU where the selected arithmetic function is performed. 

Zero 

80th the A and B data fields are forced to ZERO (exponent = 
100 000, significand = 0.000 0000 0000 00001. The contents of 
the input registers are unchanged. The ZERO flag is set high, 
and the final output is 0.0 x 2- 32. 

A + 8 

The ALU adds the significands after the operand with the 
smaller exponent has been denormalized. Round should be 
enabled (RND = 11 in this mode. 

A-8 

The operand with the smaller exponent is denormalized. 
Negative 8 is generated in two's complement form by one's 
complementing the 8 significand, then adding 1 LSB. This 
addition of 1 LS8 is necessary due to the asymmetric nature 
of the two's complement number line and is called adding a 
"hot-one". The significands IA and -B) are then added. The 
rounding function must be disabled during subtraction !RND =01. 

8-A 

This operation is the same as A - 8, except the operands are 
reversed. As before, the rounding function must be disabled 
during subtraction. 

LSI Products Division 
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Normalize B 

This function is used to normalize a number entering the B 
data field. The A operand is forced to ZERO (0.0 x 2- 321 to 
ensure that B passes through the denormalizer unchanged. The 
ALU does not affect the B operand, which is passed through 
to the renormalizer. Redundant leading ones (negative numbersl 
or leading zeroes (positive numbersl are removed by 
left -shifting (upshiftingl the significand while decrementing the 
exponent, thereby normalizing the number. The number is 
normalized when the MSB of the significand does not match 
the next lower bit (see Data Format, page 3151. If B is already 
a normalized floating point number, this instruction is effectively 
a "pass-through." If B is an unnormalized floating point 
number, the TDC1022 will attempt to normalize it, generating 
an Exponent UNderflow flag (EUNI if the exponent exceeds its 
maximum negative value. This instruction would be most 
frequently used to convert a fixed point number into a floating 
point number. 

Normalize (- B) 

The B significand is one's complemented and a "hot-one" is 
added to the LSB, generating -B in two's complement form. 
This result is normalized as in the preceding instruction. 

Denormalize A 

This is used to convert a floating point number, A, to a fixed 
point number scaled by B. The B significand is zeroed, but not 
the B exponent. If the A exponent is less than the B exponent, 
the denormalizer downshifts the A significand up to 15 places. 
Beyond shifts of 15 places, positive significands become zero 
and negative significands become -1 LSB. If the A exponent 
exceeds the B exponent, the Significand OVerflow flag (SoVI is 
set. In this case, the significand output remains unchanged. 
This instruction disables the renormalizer section. 

Execution of the Denormalize instructions in pipelined mode 
must be handled carefully. Since the instructions are not 
pipe lined, it is necessary to execute a "fill" instruction 

LSI Products Division 
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(e.g., same instruction repeated I, prior to start of 
Denormalization to avoid interfering with other data going 
through the pipeline. The first result will be undefined; the true 
denormalized results start to emerge after the second result. It 
is also necessary to execute an extra denormalize instruction 
after the final desired denormalization to prevent the 
renormalize shifter from being enabled. The result of the 
calculation after the final denormalize will again be undefined. 
Basically, when doing the denormalize instruction n -times, n + 1 
denormalize instructions must be executed. Note that the SOV 
flag is generated before the pipeline register, and since there is 
no pipeline register for the flag, it will emerge' one clock cycle 
ahead of the data it represents. This will cause improper 
functioning of the limit section; the result of the calculation 
previous to the one causing the overflow will be limited in this 
case (when LMT = 11. Additionally, the overflow case will be 
passed through without being limited, since the SDV flag has 
already taken its effect. 

Denormalize (-A) 

The A significand is one's complemented and the "hot-one" is 
added to the LSB, creating -A in two's complement. This 
result is denormalized as in instruction Denormalize A. Note 
that the case where this instruction is executed with the A 
significand = 1.000 0000 0000 0000, and the A exponent = B 
exponent is undefined. 

This is due to the fact that -( -11 = + 1 is not representable 
in two's complement. This case will generate the SOV flag. 
The ZERO flag is set when Denormalize (-AI is executed with 
A = -1 any time the A exponent is greater than or e~ual .to 
the B exponent. In these cases, a clean zero (0.0 X 2 - 321 IS 

the output. Attempting to Denormalize (-AI for A = -1, 
where the A exponent is 16 or more than the B exponent, 
results in the output of the B exponent, a significand of 
+ 1 LSB, and no flags are set. Use of the Denormalize (-AI in 
pipelined mode causes the same situations which occur when 
Denormalize A is executed (see above!' 
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Operation of the TOC1022 in Pipelined Mode 

There is no pipeline register for 12-0, RND, SCA, and LMT. As 
a result, when the TDC1022 is operated in pipelined mode, the 
RND, SCA, and LMT functions must be delayed one clock 
cycle from the data and instructions 02 _ Ol with which they 
are associated for proper operation. This is true since these 
functions take effect after the pipeline registers, which delay 
the data resulting from execution of ALU instructions on the 
input operands. RND, SCA, and LMT affect the results of the 
ALU output on the current clock cycle, which is the result of 
the previous calculation when pipeline mode is used. 

Renormalizer Section 

The significand result emerging from the ALU is examined for 
possible positive or negative overflow into the 17th bit. If 
overflow is detected, the renormalization logic downshifts the 
significand one bit while incrementing the exponent by one. 
The resulting number is then assured to be a· normalized 
number. 

If no overflow is detected, the renormalize section removes 
redundant leading zeroes of positive numbers (leading ones of 
negative numbersl by upshifting the significand and 
decrementing the exponent. This process is continued until the 
number is normalized, which means that the MSB and the 
next bit are different (see also Data Format, page 3151. 

The TDC1022 will always produce a normalized number as the 
final output, except when either Denormalize A or Denormalize 
(-Al is executed. This is true regardless of the states of RND, 
SCA, and LMT. 

All flags except the Significand OVerflow (SOVl flag are 
generated in this section. Upon completion of rounding and 
scaling, the flags may need to be set. This is handled in the 
next section. The renormalized number and the flags are 
passed directly to the round/scalellimit section. 

Flag Generation 

EOV The EOV flag is set high (EDV = II when the 
exponent exceeds its maximum positive value of 
+31. 

I 18 

Use of the Denormalize instructions in pipelined mode is 
covered under the description of instruction "Denormalize A," in 
the ALU instructions. 

Changing the instructions when in pipelined mode requires 
consideration of all the above mentioned facts. Changing states 
on the FeedThrough control 1FT) is not permitted. 

EUN 

ZERO 

SOV 

The EUN flag is set high (EUN=ll when the 
exponent drops below its maximum negative 
value of -32. 

The ZERO flag is set high (ZERO = II when the 
significand is zero due to the subtraction of two 
identical significands, the execution of instruction 
ZERO, or Denormalization of positive numbers 
where the significand is shifted beyond the LSB. 
The ZERO flag is also set when Denormalize 
(- Al is executed where A = - 1 and the A 
exponent is greater than or equal to the B 
exponent. When the ZERO flag is set, a clean 
zero is always output. 

The SOV flag can only be set high (SOV = II 
when either instruction Denormalize A or 
Denormalize (-Al is executed. If either of these 
instructions is executed and the A (datal 
exponent exceeds the B (seedl exponent, the 
SOV flag will go high. The only other way to 
set SOV high is to execute Denormalize (-Al 
with the A exponent greater than or equal to 
the B exponent, and an A significand of -1. In 
this case, the ZERO flag is erroneously set and 
the TDC1022 outputs a clean zero. In any 
normalized mode, the significand cannot 
overflow. 

LSI Products Division 
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Round/Scale/Limit Section 

The round/scale/limit section operates on the normalized floating 
point number passed to it from the renormalizer. The 
operations of rounding and scaling occur before the limit 
function, since it is possible for rounding and scaling to 
generate exponent overflows or underflows. The flags ISoV, 
EOV, EUN, ZERO) are used by the limit section to produce the 
appropriate result of maximum positive, maximum negative, or 
zero. In pipelined mode, the controls RND, SCA, lMT must be 
delayed one clock cycle from the data which they are to 
influence. The output of the limit section, along with the flags, 
goes directly to the output registers. 

Rounding 

When the round control is high IRNo=11, the TDC1022 adds a 
1 to the 1/2 lSB position. This results in a carry propagation 
into the lSB if there was a 1 in the 1/2 lSB position. 

Scaling 

When the scale Idivide by twol control is high ISCA= 11, the 
exponent is decremented by one, resulting in a division by 
two. Note that if the exponent is -32 and SCA= 1, the EUN 
flag would be set and if the limiter is turned off IlMT =01, the 
resulting exponent is +31. This condition would produce the 
correct result of ZERO 10.0 x 2- 321 if the limiter is enabled 
IlMT = 1L 

Output Section 

The data and flag output registers are unconditionally loaded at 
the rising edge of ClK. The data output emerges through a 
three -state, 22 - bit output port. The output format is identical 

LSI Products Division 
TRW Electronic Components Group 

--~ ... .. ,,,.( 
Limiting 

When the limit function is disabled IlMT =01, the significand 
and exponent retain their two's complement characteristics 
upon overflow; adding one to maximum positive numbers 
return maximum negatives, and subtracting one from maximum 
negative yields maximum positives. 

When the limit function is enabled (lMT = 11 and exponent 
overflow occurs, the data output is clipped. The resulting 
output is the maximum positive number possible 
(exponent = 011111, significand = 0.111 1111 1111 11111 if 
the significand is positive. If the significand is negative, the 
resulting output is the maximum negative number possible 
(exponent = 011111, significand = 1.000 0000 0000 00 DOL 

When the limit function is enabled and exponent underflow 
occurs, the data output is forced to ZERO, regardless of the 
sign of the significand. This also occurs when a zero 
significand Idenoted by the ZERO flag being setl with an 
exponent other than - 32 exists. These cases will always be 
replaced with clean zeroes, regardless of the state of the lMT 
control. 

When the limit function is enabled and significand overflow 
occurs, the limiter clips the emerging result to a full -scale 
maximum positive or negative value, as appropriate. The case 
of Denormalize I-AI with A = - 1 and the A exponent greater 
than or equal to the B exponent results in the output of a 
clean zero, since the ZERO flag is also set. 

to the input format. The flags are not three-stated, and the 
flag buffers are always enabled. 
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Signal Definitions 

Signal Name Function Value J1 Package 

Power 

VCC Supply Voltage +5.0V Pin 49 
GND Ground O.OV Pins 2, 16 
ClK Clock TTL Pin 46 

Data Input 
lOA Latch A Control TTL Pin 44 
lOB Register B load Control TTL Pin 45 

Dl21-0 Data Input TTL Pins 22-43 

Control, Instructions 
[ijj Register I load Control TTL Pin 17 
FT Feedthrough Control TTL Pin 47 
ACC Accumulate Control TTL Pin 21 

12-0 ALU Instructions TTL Pins 18-20 
RND Round Control TTL Pin 15 
SCA Scale Control TTL Pin 13 
lMT Limit Control TTL Pin 14 

Flags 

ZERO Zero Flag TTL Pin 4 
SOV Significand Overflow Flag TTL Pin 6 
EOV Exponent Overflow Flag TTL Pin 5 
EUN Exponent Underflow Flag TTL Pin 3 

Data Output 

DE Three-State Output Enable TTL Pin 48 

0021-0 Data Output TTL Pins 1, 7-12, 50-64 

LSI Products Division 
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Floating Point Data Format 

Exponent 

The exponent is represented by bits 016 through On It is a 
two's complement integer with 021 the two's complement sign 
bit. The exponent ranges from -32 to 31. 

20 
Exponent = 021 x 1-251 + ~ On x 21n -161 

n=16 
Significand 

The significand Isometimes referred to as the MANTISSAI is 
represented by bits 015 through DO. It is a fractional two's 
complement number with 16-bit precision: 015 is the two's 
complement sign bit. The significand ranges from -1 to 
11-2- 151. 

14 
Significand = 015 x 1-11 + ~ On x 21n-151 

n=O 

LSI Products Division 
TRW Electronic Components Group 

Significand = 0.000 0000 0000 0000 
Exponent = 100 000 

Representable Floating Point (FLP) Number Range 

Normalized Floating Point Range: A normalized floating point 
number is one for which the first two bits of the significand 
1015 and 0141 are different, that is 015 e 014 = 1. 

I 21 
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TDC1022 Timing Diagrams 

General Information 

TOC1022 can be operated in anyone of the following four 
modes: 

In non - pipelined modes, the ClK period tCYN is approximately 
twice as long as the ClK periods of the pipelined modes tCYp. 

1. Non -Accumulate without Pipelining IACC=O, FT = 11 
IACC=O, FT =01 
IACC=l, FT =11 
IACC=l, FT =01 

The input register setup and hold times, the output delay time, 
the three -state enable and three -state disable times are the 
same in all four modes, thus they are only shown for the 

2. Non -Accumulate with Pipelining 
3. Accumulate without Pipelining 
4. Accumulate with Pipelining non -accumulate without pipelining mode Isee belowl. 

Figure 1. Non - Accumulate Mode Without Pipelining 
The output data is available one clock cycle after the input data is entered. 

~
-------'cYN------~--i 
r-----'PWL--~J-+----'PWH 

: ~ ,.-------+--~ ---------- '----------'t 
's IHAI- -'s 'H-

x.xxxxl Ao xxxxxxxxx 8a xx XXXXX X A, X X xx 8, X X 

XXX X xxx X XXXXA X ,XAXAA 'i xxxxxxxxxxx)" ,(XXXXXXXXX 

xx x x x x ~ ,xxx}\.x x x x xx xxxx XXXXX I, X X xx x ,x 

A AXX XAX xxx xxx X XXXXX x X xx I.}\'}\' x x xx 

~~ '0 I----H'ols 
XX OUT_I :)( ')()( OUTo 

I 

\ J 
-I '0 f---

FLAG_Z FLAG_I X FLAGg 

Ace HElD LOW FTHELD HIGH I 

Figure 2. Non-Accumulate Mode With Pipelining 1 

The output data is available two clock cycles after the input data is entered. 

E'~S 
~ ~ hj-:==:=+-----t L) t L) t L>= 

I 22 

01 XXXXXX Ao XXXX So xXXXX A, MXX 8, XXXXX AZ XXXX 8Z XXXXX A] XXXX 8] XXXXX Ao XX 
LOB XXXXXXXXXxxm I tOO<XXXXXXXXA AXXXXXXXXXXA AXXXXXXXXXXA AXXXXXXXXX 

XXXXXXXXXXXXXX '0 xXXXXXXxxxxx I, XXXXXXXXXXXX IZ XXXXXXXXXXXX ~ XXXXXXXxxx 
[OJ xxxXXXXXXXXXXb I AXXXXXXXXXXA I AXXXXXXXXXXb I AXXXXXXXXXXA I AXXXXXXXXX 

(XXXX OULz ) <XXXX OUT_, ) (XXXX OUTo ) <XXXX OUT, >--
\11 ~ \11 \1 I 

X FLAG_Z X FLAG_, X FLAGo x FLAG, 

ACC HELD lOW. FT HELD lOW 

Note: 1. Since RND, SeA, LMT are NOT pipelined, they must be entered one clock cycle after the data which they are to affect. 

LSI Products Division 
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Figure 3. Accumulate Mode Without Pipelining 

The first output data is available one clock cycle after the first 
input data is entered. The output is further described below: 

1. The first output is the result of performing the first 
instruction on the first two operands. 

OUTO=IO lAO, BOI 

0' xxXXXX Ao xxxxxXXxXX 
~ XXXXXXXXXXXXXXXXXXXXA 

XXXXXXXXXXXXXXXXXXXX 
~ XXXXXXXXXXXXXXXXXX~ 

,ilir. 

2. The second output is the result of performing the second 
instruction on the second two operands. 

OUTl =11 IA1, Bl1 

3. Any subsequent output depends on the previous output and 
the current instruction and incoming operand. 

OUTn=ln IOUTn-l, Bnl 

\ 

I AXXXXXXXXXXXXxxxXXXXXxxXXXA I AXXXXXXXX 
DO ----------«X~X~X~X~DU~L!:::, }) --------------(XXXX DUTO )-

\~~I~/ \~~I~r-
FLAGS ______ FLA_G.:..:.-2 ____ --,--....J.X:l.....-______ FLA_G-,~ ____ ~---LX.l..---FLA...:.GO-

ACC HElD HIGH. FT HELD HIGH. 

Figure 4. Accumulate Mode With Pipelining 1 

The first output data is available two clock cycles after the 
first input data is entered. The output is further described 
below: 

3. The third output is the result of performing the third 
instruction on the first output and the incoming operand. 

1. The first output is the result of performing the first 
instruction on the first two operands. 

OUT2=12 IDUTO, B21 

4. Any subsequent output depends on the output from two 
cycles ago, the current instruction, and the incoming 
operand. 

OUTO=IO lAO, BOI 

2. The second output is the result of performing the second 
instruction on the first output and the incoming operand. OUTn=ln IOUTn-2, Bn l 

OUTl =11 IDUTO, Bl1 

: ~~=+--,t 2; t \ t \ 

01 xXXXXX Ao XXXX Be XXXXX ., XXXX 8, XXxXXXxxXXXX ~ xxxXXXxxXXXX 83 XXXXXXXXXX 
WI XXXXXXXXxxxm I &XXXXXXXXXb I &XXXXXXXXXb I AX><XXXXXXXXA I AXXXXxxxxx 

xXXXxxXXXxXXXX ~ XXXXXXXXXXXX I, XXxXXXxxXXXX IZ xxxXXXXXxxxX ~ xXXXXXXXXX 
[DJ XXXXXXXXXXXXXb I AX><XXXXXXXXb I &XXXXXXXXXb I AXXXXXXXXXXA I AXXXXXXXXX' 
DO (XXXX OUT_Z ) (XXXX OUT_, ) (XXXX OUTo ) (XxxX OUT, }--

\ 1/ \ 1/ \ 1/ \ 1/ 
FLAGS ____ FLA.....;G-3~_-:--..LX:l....._ __ FLA_G-...:..Z _-:--.L.JX'--__ FLA_G-,~___;_--'Xr.l..---F-LAG.:....O _-:--..LX:I.....__FLA....:..G1_ 

ACCHELDHIGH,nHELOLDW 

Note: 1. Since AND, SeA, LMT are NOT pipelined, they must be entered one clock cycle after the data which they are to affect. 
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Figure 5. Equivalent Input Circuits 

VCC -.-.,--..... --

INPUT 

ClK 

Rl = 25K 
R2 = 10K 

INPUT 

All OTHER 
CONTROLS 
010-21 

Figure 7. Test load 

TO 500Q 

OUTPUT PIN~ VlOAD 

J
40PF 

GND 

I 24 

Figure 6. Equivalent Output Circuits 

---.__----0 VCC 

_--0 OUTPUT 

Figure 8. Transition levels For Three-State Measurements 

TSM. TSX. 
TSl 

THREE-STATE 
OUTPUTS 

tDiS 0.5V 

HIGH IMPEDANCE 

0.5V 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltaga ........................................................................................................................................................................................................................................... -0.5 to 7.0V 

Input 

Applied vo~age ............................................................................................................................................................................................................. - 0.5 to 5.5V 2 

Forced current ........................................................................................................................................................................................................... - 6.0 to + 6.0mA 

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 sec 

Temperatura 

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, 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 

Parameter Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 V 

tpWL Clock Pulse Width (LOW! 25 ns 

tpWH Clock Pulse Width (HIGH! 25 ns 

tpWA Clock Pulse Width (LDA! 35 ns 

ts Input Setup Time 3D ns 

tH Input Hold Time 3 ns 

tHA Input Hold Time (latch AI 4 ns 

VIL Input Voltage, Logic LOW O.S V 

VIH Input Voltage, Logic HIGH 2.0 V 

IOL Output Current, Logic LOW 4.0 mA 

IOH Output Current, Logic HIGH -0.4 mA 

.. 
I 

TC Case Temperature 20 100 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard 

Parameter Test Conditions Min Max 

ICC Power Supply Current Vcc - MAX, static 900 

IlL Input Current, Logic LOW VCC - MAX, VIL - 0.4V 
(all inputs except CLK, DEl -0.4 

CLK, DE -O.B 

IIH Input Current, Logic HIGH VCC - MAX, VIH - 2.4V 75 

II Input Current, MAX Input Voltage VCC - MAX, VI - 5.5V 1.0 

VOL Output Voltage, Logic LOW VCC - MIN, 10L - 4.0mA 0.5 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - -0.4mA 2.4 

lOlL HIGH-l Output Leakage Current, Output LOW VCC - MAX, VI - 0.4V -40 

10lH HIGH-l Output Leakage Current, Output HIGH VCC - MAX, VI - 2.4V 40 

lOS Short Circuit Output Current VCC - MAX, One pin to ground, -40 

one second duration, output HIGH 

CI Input Capacitance T A - 25°C, F - 1.0MHz 15 

Co Output Capacitance T A - 25°C, F - 1.0MHz 15 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard 

Parameter Test Conditions Min Max 

tCYp Cycle Time, Pipelined VCC - MIN 100 

tCYN Cycle Time, Non - pipelined VCC - MIN 200 

to Output Delay VCC - MIN, Test Load: VLOAO - 2.2V 40 

tENA Three - State Output Enable Delay VCC - MIN, Test Load: VLOAD - 1.BV 35 

tOlS Three - State Output Disable Delay VCC - MIN, Test Load: VLOAD - 2.6V 35 

for tOISo. O.OV for tOlS1 2 

Notes: 
1. All transitions are measured at a 1.5V level except for to IS and tENA, which are shown in Figure 8. 

I 26 

2. tOISl denotes the transition from logical 1 to three-state. 
tDISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
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Units 

rnA 

rnA 

rnA 

pA 

rnA 

V 

V 

pA 

pA 

rnA 

pF 

pF 

Units 

ns 

ns 

ns 

ns 

ns 
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Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1022J1C STD-TC - 20°C to 100°C Commercial 64 lead DIP 1022J1C 

TDClO22J1G STD - T C - 20°C to lOO°C Commercial With Burn-In 64 lead DIP 1022J1G 

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. 

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

LSI Products Division 
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Digital Output Correlator 
64-bit 

The TRW TDC1023 is a monolithic, all-digital 64-bit correlator 0 Output Format Flexibility 
with a 7 - bit three -state buffered digital output. This device 0 Three - State Outputs 
consists of three 64 - bit independently clocked shift registers, 
one 64-bit reference holding latch, and a 64-bit independently Applications 
clocked digital summing network. The device is capable of a 
17M Hz parallel correlation rate. 0 Check Sorting Equipment 

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 shih register (M registerl allows the user to 
mask or selectively choose fIno compare" bit positions enabling 
total word length flexibility. 

The reference word is serially shihed 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 anyone time between the A register and R 
latch. 

A control provides either true or inverted binary output 
formats. 

Features 

o 17MHz Correlation Rate 

o TTL Compatible 

o All Digital 

• Single +5V Power Supply 
o Serial Data Input, Parallel Correlation Output 

o Programmable Word Length 

o Independently Clocked Registers 

• Available In 24 Lead DIP 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• High - Density Recording 

• Bar Code Identification 
o Radar Signature Recognition 

o Video Frame Synchronization 

• Electro - Optical Navigation 

• Pattern And Character Recognition 

• Cross - Correlation Control Systems 
o Error Correction Coding 

o Asynchronous Communication 

Functional Block Diagram 

AIN 
elK A 

LOR 

elK B __ r-'-+~"""'" 

BIN -----'-----+L...-___t' 

MIN ---..Jr-----""'r------'-I 

elK M -'---_L...-........I 

---0 Vee 
---oGNO 

Phone: 1619) 457 -1000 
Telex: 697 -957 
TWX: 810-335-1571 

PIPELINED 
DIGITAL 
SUMMER 
13 STAGES) 

100-6 

TFlG 

elK T 

©TRW Inc. 1885 
40G00283 Rev. F-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

AIN 
elK A 

lOR 

elK B 

BIN 

MIN 

CLK M 

Pin Assignments 

I 30 

o Vee 
o GND 

••• AOUT 

••• 

••• BOUT 

••• MOUT 

vee 1 [QJ \J 24 
MIN 2 23 
AIN 3 22 
BIN 4 21 

elK T 5 20 
elK S 6 19 

INV 7 18 
TS 8 17 

106 9 16 
105 10 15 
104 11 14 
103 12 13 

24 Lead DIP - J7 Package 

• • • 

INV 

TS 

elK B 
elK M 
elK A 
lDR 

MOUT 
AOUT 
BOUT 
TFlG 
GND 
100 
101 
102 

elK S 

PIPELINED 
DIGITAL 
SUMMER 
(3 STAGES) 

/00-6 
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Functional Description 

General Information 

The TDC1023 consists of an input section and an output 
section. The input section contains A, 8, and M registers, an R 

Power 

The TDC1023 operates from a single +5 Volt supply. 

Control 

INV 

Name Function 

GND Ground 

VCC Supply Voltage 

Control that inverts the 7 -bit digital output. 
When a HIGH level is applied to this pin, the 
outputs IDa - 6 are logically inverted. 

TS Control that enables the three - state output 
buffers. A HIGH level applied to this pin forces 
outputs into the high - impedance state. 

Name Function 

INV Invert Output 

TS Three - State Enable 

LOR Load Reference 

latch, XOA/AND logic and a pipelined summer. The output 
section consists of threshold, inversion and three -state logic. 

lOR 

Value J7 Package 

O.OV Pin 16 

+5.0V Pin 1 

Control that allows parallel data to be loaded 
from the 8 register into the reference R latch 
for correlation. If lOR is held HIGH, the R latch 
is transparent. 

Value J7 Package 

TTL Pin 7 

TTL Pin B 

TTL Pin 21 

Clocks 

ClK A, 
ClK M, 
ClK 8 

Input clocks. Clock input pins for the A, M, and ClK S Digital summer clock. Clock input which allows 
independent clocking of pipelined summer 
network. 

CLK T 

8 registers, respectively. Each register may be 
independently clocked. 

Threshold register clock. Clock input pin for T 
register. 

Name Function 

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 

LSI Products Division 
TRW Electronic Components Group 

Value J7 Package 

TTL Pin 22 

TTL Pin 23 

TTL Pin 24 

TTL Pin 5 

TTL Pin 6 

I 31 
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Data Inputs 

MIN 

Data Outputs 

1D0-6 

I 32 

Allows the user to choose "no compare" bit 
positions. A "0" in any bit location will result in 
a no -compare state for that location. 

Name Function 

~IN Mask Register Input 

AIN Shift Register Input 

BIN Shift Register Input 

Bidirectional data pins. When outputs are 
enabled ITS lOW), data is a 7 - bit binary 
representation of the correlation between the 
unmasked positions of the R latch and the A 
register. 106 is the MSB. These pins also serve 
as parallel inputs to load the threshold register. 
Data present one setup time before elK T goes 
HIGH will be latched into the threshold register. 

Name Function 

lOS MSB 

1°5 

1°4 

1°3 

1°2 

1°1 

1°0 LSB 

TFLG Threshold Flag 

BOUT Shift Register B 

AOUT Shift Register A 

MOUT Shift Register M 

TFlG 

Shih register inputs to the A and B 64-bit 
serial registers. 

Value J7 Package 

TTL Pin 2 

TTL Pin 3 

TTL Pin 4 

TFlG output goes HIGH whenever the 
correlation score is equal to or greater than the 
number loaded into the T register ID to 64). 

Shih register outputs of the three 
64-bit serial shih registers: B, A, and M, 
respectively. 

Value J7 Package 

TTL Pin 9 

TTL Pin 10 

TTL Pin 11 

TTL Pin 12 

TTL Pin 13 

TTL Pin 14 

TTL Pin 15 

TTL Pin 17 

TTL Pin 18 

TTL Pin 19 

TTL Pin 20 

LSI Products Division 
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TDC1023 Timing Diagrams 

1. Continuous Correlation 

The TDClo23 contains three 1 X 64 serial shift registers lA, 8, 
and MI. The operation of these registers is identical and each 
has its own TIL -compatible input, output, and clock. As 
shown in the timing diagram IFigure 1), valid data is loaded 
into register A 18, M) on the rising edge of ClK A IClK 8, 
ClK MI. Data is valid if present at the input for a setup time 
of a least ts Ins) before and a hold time tH Ins) 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. Typically, 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 8 are 
copied into the R latch. With lOR lOW, a new template may 

Figure 1. Continuous Correlation 

ClK A 
ClK S 

100-6 

TFlG 

lDR = HIGH 
TS = lOW 
BIN = REFERENCE 
T REGISTER PRElOADED 

LSI Products Division 
TRW Electronic Components Group 

be entered serially into register 8, 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 
contents continuously track those of the 8 register. 

The summing network consists of three pipelined stages. 
Therefore, the total correlation score for a given set of A and 
8 register contents appears at the summer output three ClK S 
cycles later. Data on the output pins 100 _ 6 is available after 
an additional propagation delay, denoted to on the timing 
diagram. 

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 
Ins) from the third ClK S rising edge. 
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2. Cross- Correlation 

When lOR goes HIGH, the B register contents are copied into 
the reference latch (R latchl. 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 elK B to load this data into the B register. 
For the timing diagram (see Figure 21, n = 64. lOR is set 
HIGH during the final (nthl elK 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 (nsl 
and tpWH (nsl, respectively. 

Figure 2. Cross-Correlation 

--, 
ClK S \ 

ClK B 

100-6 

TS • lOW 
AIN • PRElOADED 
T REGISTER PRELOADED 
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After the new reference is loaded, the data to be correlated is 
clocked through the A register. Typically, elK A and elK 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 
correlation score for a particular alignment of the A register 
data and the R latch reference appears at the summer output 
three elK S cycles later. After an additional output delay of to 
(nsl, the correlation data is valid at the output pins (100 - 6l. If 
this correlation result is equal to or exceeds the value in the 
threshold register, then TFlG goes HIGH. TFlG is valid to (nsl 
after the third rising edge of elK S. 

LSI Products Division 
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3. Threshold Register Load 

The timing sequence for loading the threshold m 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 100 - 6 pins into 
the T register. 

The output buffers must be in a high - impedance state 
(disabledl when the T register is programmed from an external 
source. After a delay of tOIS (nsl from the time TS goes 
HIGH, the output buffers are disabled. The data pins 100-6 

Figure 3. Threshold Register Load 

ClK A 
ClK S 

TS 

100-6 

OUT 

--'l'DIS 
100-6 --------{ 
IN 

=t-NA 

THRESHOLD 
OATA 

ts---+­

-- - -- - - - 'b-tPWl 
ClK T ________ .;...a... __ ..1 

may then be driven externally with the new threshold data. 
The data must be present for a setup time of ts (nsl before 
and tH (nsl after the rising edge of elK T to be correctly 
registered. The minimum low and high level pulse widths for 
ClK T are shown below as tpWl (nsl and tpWH (nsl, 
respectively. 

After TS is set lOW, there is an enable delay of tENA (nsl 
before the internal correlation data is available at pins 100 - 6. 

to 1-== 
TFlG "t'""7'r"''"T''"7r"'''":~I(""7II~'"7'r''-X-7'l""""l~r-x-X-"'7'r""XXXXXXXXXX-r-7'l""""l~~""'"lIIr'~~ ~N-l X'-___ F_N ___ X FN+l 

BIN = REFERENCE 
lOR = HIGH 
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4. Mask Register 

In addition to the A and 8 shih registers, the TDC1023 has 
another independently clocked register - the M, or mask 
register. The M register functions identically to the A and 8 
registers, except that its parallel outputs are AN Oed with the 
exclusive - oRed outputs from the A register and R latch. 

Many uses of the TOC1023 digital correlator require disabling 
the correlation between certain bit positions IAi and Ril of 
input words A and R. While correlation data is being clocked 
into the A and/or 8 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 each bit position is ANDed with 
a bit from the M register. Thus, if a particular mask bit IMil is 
zero, the output correlation between A and 8 for that bit 
position will be disabled. Consequently, a zero correlation is 
presented to the digital summer for each masked bit position. 

The 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 register 
should contain zeroes. 

I 36 

The M register is useful for building logic functions. Note that 
for each bit Ai and Ri, the correlation logic is: 

Ai e Ri == AiRj + AlRi IAi exclusive-OR Ril 

This result is complemented at the input of the AND gates and 
AN Oed with the mask bit IMil resulting in: 

[AiRi + AiRiJ • Mi 
The last step, performed in the digital summer, is to sum the 
above result over all bit positions simultaneously for a 
correlation at time K: 

n 
CIKI = ~ [Ai Ri + Ai Ri J • Mi 

i=l 

where, 

i = 1, 2, 3 ... 

n = correlation word length 

LSI Products Division 
TRW Electronic Components Group 
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Figure 4. Equivalent Input Schematic 

---.... -~.-- vee 

R2 

PIN VALUES 

R1 R2 

NUMBER OF INTERNAL 

CIRCUITS LOADING PIN 

AIN' BIN' MIN 
CLK A. B. M 

50K 35K 

35K 20K 

35K 20K 

35K 20K 

35K 20K 

INPUT 0-41""'--

GNO 

Figure 5. Equivalent Circuit for 100-6. AOUT. BOUT. 
MOUT and TFLG. 

LOR 

eLK S 

eLK T. INV 

-~----e--~~--~--~-~-- vcc 

L. ___ ..J GNO 

100-6 ONLY 
OUT A. B. M 
100-6' TFLG o--....... ~ 

Figure 7. Test Load 

TO 5000 

OUTPUT PIN~ VLOAO 

J
40PF 

GND 
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2 

Figure 6. Equivalent Circuit for Three-State (TS) Input. 

The circuitry to the right of dashed line is repeated 7 times. 

-_+_--+---41.....--..... --- vec 

35K 

THREE-
STATE TS 0-..... ---.---1 
INPUT 

---....;....----41 ....... ---~- GNO 

Figure 8. Transition Levels For Three-State Measurements 

TS 

THREE-STATE 
OUTPUTS 

0.5V 

0.5V 

HIGH IMPEDANCE 
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Absolute maximum ratings (beyond which the device will be damagedl 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 ..................................................................................................................................................................................................... -1.0 to + 6.0mA 3,4 

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

Temperature 

Operating, ambient ........................................................................................................................................................................................................ -60 to 135°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 positive when flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpWL Clock Pulse Width, LOW ClK A, ClK B, CLK M, ClK S, lOR 20 20 ns 
CLK T 25 30 ns 

tpWH Clock Pulse Width, HIGH Clocks 25 30 ns 

lOR 30 35 ns 

ts Data Input Setup Time AIN' BIN, MIN 20 22 ns 

100-6 45 50 ns 

tH Data Input Hold Time AIN, BIN, MIN 3 3 ns 

100-6 0 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 rnA 

10H Output Current, Logic HIGH -400 -400 f..lA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC Supply Current VCC - MAX, static 1 
T A - DoC to 70°C 335 

TA - 70°C 295 
TC - -55°C to 125°C 395 

TC - 125°C 275 

',l Input Current, logic lOW VCC - MAX, V, - 0.4V 
100-6, TS, Data, INV -350 -400 
Clocks, lOR -1.0 -1.3 

"H Input Current, logic HIGH VCC - MAX, VI - 2.4V 

100-B' TS, INV, Data 50 50 
Clocks, lOR 100 100 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 500 500 

VOL Output Voltage, logic lOW VCC - MIN, 10l - MAX 0.5 0.5 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 

10Zl High - Z Output, leakage Current 2 VCC - MAX, VI - 0.4V -350 -400 

10ZH High-Z Output, leakage Current 2 VCC - MAX, V, - 2.4V 50 50 

C, Input Capacitance TA - 25°C, F - lMHz 
Clocks 10 10 

100-B, Controls 5 5 

Co Output Capacitance TA - 25°C, F - lMHz 15 15 

Notes: 
1. Worst case, all digital inputs and outputs lOW. 

2. Due to the 100-6 and T registernnection, these values are the IIH and III of the T register. 

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

FSH Shift -In Clock Rate VCC - MIN 20 17 

FC Correlation Rate VCC - MIN2 17 15 

to Digital Output Delay VCC - MIN, Test load: VLOAD - 2.2V 

100-B 45 50 

AOUT' BOUT, MOUT 35 40 
TFlG 40 45 

tENA Three- State Output Enable Delay VCC - MIN, Test load: VlOAD - 1.BV 40 45 

tDiS Three-State Output Disable Delay VCC - MIN, Test load: VlOAD - 2.BV 35 35 

for tOlSO' O.OV for tOlS1 3 

Notes: 
1. All transitions are measured at a 1.5V level except for tOIS and tENA' which are shown in Figure 8. 
2. Synchronous clocking: elK A - eLK B - elK M - elK S. 

3. tOISt denotes the transition from logical 1 to three-state. 
tOISO denotes the transition from logical 0 to three-state. 

LSI Products Division 
TRW Electronic Components Group 

Units 

rnA 

rnA 

rnA 
rnA 

pA 

rnA 

f.,lA 
f.,lA 

f.,lA 

V 

V 

f.,lA 

f.,lA 

pF 

pF 

pF 

Units 

MHz 
MHz 

ns .. 
ns 
ns 

ns 
ns 
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Application Notes 

1. The TOe1023 can be cascaded to implement correlations of 
more than 64 bits. Typically, all clocks are tied together and 
the A, 8, and M outputs of preceding stages are connected to 
the respective inputs of subsequent stages. An external 

Figure 9. Cascading For Extended- Length Correlation 

summer is required to generate the composite correlation 
score. Use of the T register and TFLG require additional 
hardware in this configuration. 

CLKA ------------~----------------------_.----------------------~ 

CLKB ----------.-~--------------------~~--------------------_, 
CLK M ------.-+--+-------------------.--+--+---------------------, 
CLK S ------4I....-t-+--+---------------~._-t--+--+---------------___, 

INPUT 
DATA 

2. When comparing a multi - bit word to a single - bit reference, 
the outputs from the individual correlators must be 
appropriately weighted. This weighting reflects the relative 

Figure 10. Multi - Bit x 1 Bit Correlation 

INPUT 
DATA REGISTER 
WORD 

I 40 

importance of the different bit positions. Normally, simple shifts 
( + 2, 4, 8, ... 1 provide the required weighting. 

SUMMER 

LSI Products Division 
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CORRELATION 
OUTPUT 
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3. The correlation of two multi - bit words requires evaluating 
the term: 

An example of two 3-bit words is shown below. 

N 
RIM) :2: h In) x 1M +n) 

n = 1 

Figure 11. Multi- Bit Correlation 

X2 (MSB) 

..... --.... A,N 

Y2 (MSB) ---+---..... ~ M,N ...... _--_ .... TDC1023 

TDC1023 

For additional TDel023 Digital Output Correlator applications, 
see Application Note TP-17, "Correlation - A Powerful 
Technique for Digital Signal Processing." This application note 
is available upon request from TRW LSI Products. 

TDC1023 

CDRR 1-----, 

TDC1023 

CORR 
TDC1023 

A'N TDC1023 

'------t---+-----+--4 __ --+---+------t--___ ~ M,N CORR 

Ordering Information 

Product 
Number 

1OC1023J7C 

1OC1023J7G 

1OC1023J7F 

1OC1D23J7A 

Note: 

DIGITAL SUMMER 

Temperature Range 

S1O-T A - DOC to 7DoC 

S1O- TA - O°C to 7DoC 

EXT - T C - - 55°C to 125°C 

EXT - T C - -55°C to 125°C 

CORRELATION 
OUTPUT 

Screening 

Commercial 

Commercial With Burn-In 

Commercial 
High Reliability 1 

1. Per TRW document 70Z01757. 

LSI Products Division 
TRW Electronic Components Group 

Package Package 
Marking 

24 lead DIP 1023J7C 

24 Lead DIP lD23J7G 

24 Lead DIP 1023J7F 

24 Lead DIP 1023J7A 
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1 (0)((; ~ [J)2~ 
Preliminary Information 

Digital Filter/Correlator 
Building Block, 10M Hz 

The TDC1028 is a video -speed, TTL compatible bit -slice 
building block for Finite Impulse Response (FIR) digital filters 
and multi - bit digital correlators. It is 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 TDC1D28 provides eight delay stages, eight multipliers, 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 
o Eight Coefficients 

• Cascadable (To> 36 Taps) Without External Components 

Functional Blocl( Diagram 

CLOCK IN (CLK) 

SUM IN (SI0-12) 

OATA IN (DI0-3) 

COEFFICIENT IN (CI0-3) 

COEFFICIENT AODRESS (CAO-2) 

CDEFFICIENT WRITE ENABLE (CWE) 

TWO'S COMPLEMENT DATA (TCD) 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• 4 - Bit Coefficient And Signal Data Words 

• Independently Expandable Coefficient And Signal Word Length 

• Independently Selectable Format For Coefficients And Signal 
Data Words (Two's Complement or Unsigned Magnitude) 

• Available In 48 Lead DIP 
o Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• TTL Compatible 

Applications 

• Digital Video Filters 
o Matched Filters 

• Pulse Compression 
o Multi - Bit Correlation 

o Waveform Synthesis 

• Adaptive Filters 

Phone: 16191 457 -1 000 
Telex: 697 - 957 
TWX: 910-335-1571 

SUM OUT 

(SOO-12) 

DATA OUT 

(000-3) .. 

©TRW Inc. 1985 
40G00817 Rev. C-3/85 
Printed in the U.S.A. 
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Functional Block Diagram 

CLOCK IN (ClK) 

SUM IN (SI0-1Z) 

DATA IN (010-3) 

COEFFICIENT IN (CI0-3) 

COEFFICIENT ADDRESS (CAO-Z) 

COEFFICIENT WRITE ENABLE (CWE) 

TWO'S COMPLEMENT DATA (TCO) 

Pin Assignments 

I 44 

SID 1 !ill I~ 48 
Sil 2 i 47 
SI2 3 1 46 
SI3 4 

'[ 
45 

SI4 5 44 
SI5 6 

I 
43 

SI6 7 

I 

42 
SI7 B 41 
SIB 9 40 
SI9 10 

II 
II 39 

SIlO 11 3B 
Sill 12 

I'I 

37 
GNO 13 36 
SI12 14 ' I 

JI 

35 
CA2 15 il 34 
CAl 16 33 
CAn 17 32 
TCO lB 31 
TCC 19 I 30 
ClK 20 29 
DID 21 2B 
Dll 22 27 
Dl2 23 26 
013 24 25 

48 Lead DIP - J4 Package 

SOD 
sal 
S02 
S03 
S04 
S05 
S06 
S07 
SOB 
S09 
SOlO 
GNO 
VCC 
SOll 
S012 
CI3 
CI2 
Cll 
Clo 
CWE 

D°D 
0°1 
0°2 
003 

lSI Products Division 
TRW Electronic Components Group 

SUM OUT 

(SOO-12) 

DATA OUT 

(000-3) 
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Functional Description 

General Information 

The TOC1028 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 TOC1028 operates from a single +5 Volt supply. All power 
and ground lines must be connected. 

Name Function 

VCC Positive SupplV Voltage 

GND Ground 

Inputs 

The TOC1028 has three types of inputs: signal data, 
coefficients, and sum (cascadingl inputs. 

Name Function 

Dl3 Signal Data Input MSB 

Dl2 

Dll 

DID Signal Data Input LSB 

CI3 Coefficient Input MSB 

CI2 

Cll 

CIO 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 
(see Figu re 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 

SI12 Cascading Sum Input MSB TTL Pin 14 

Sill TTL Pin 12 

SIlO TTL Pin 11 

SI9 TTL Pin 10 

SI8 TTL Pin 9 

SI7 TTL Pin 8 

SI6 TTL Pin 7 

SI5 TTL Pin 6 

SI4 TTL Pin 5 

SI3 TTL Pin 4 

SI2 TTL Pin 3 

Sil TTL Pin 2 

SID Cascading Sum Input LSB TTL Pin 1 

LSI Products Division 
TRW Electronic Components Group I 45 
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Data Outputs 

The TOC1028 has two outputs: a sum output and a data 
output. The data output is used to connect one TOC1028 to 

Name Function 

SO'2 Sum Output MSB 

SO" 
SOlO 

S09 

SOa 

S07 

S06 

S05 

S04 

S03 

S02 
SO, 

SOO Sum Output lSB 

[J°3 [Jata Output MSB 

[J°2 
[JO, 

[J°O [Jata Output lSB 

Clocks 

The TOC1028 operates synchronously from a single master 
clock, which can be clocked at up to 10MHz. All internal 
circuitry is static; there is no minimum clock frequency 
required. The rising edge of ClK latches the Coefficient Input 

Name Function 

ClK Clock 

Controls 

The TOC1028 has six control inputs. TCC and TCD 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 

TTL Pin 34 

TIl Pin 35 

TTL Pin 38 

TTL Pin 39 

TTL Pin 40 

TIl Pin 4' 

TIl Pin 42 

TTL Pin 43 

TIl Pin 44 

TIl Pin 45 

TIl Pin 46 

TTL Pin 47 

TIl Pin 4B 

TIl Pin 25 

TIl Pin 26 

TIl Pin 27 

TIl Pin 28 

(C13 - 0), the Coefficient Address (CA2 - 01, and the Coefficient 
Write Enable control (CWEl. 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 

TIl Pin 20 

HIGH is applied, and unsigned magnitude operation when a 
logic lOW is applied. One active lOW input (CWEI controls the 
writing of a coefficient, and three inputs (CA2 _ 01 control the 
selection of which coefficient is to be written. 

Value J4 Package 

TCC Two's Complement Coefficients TTL Pin 19 

TC[J Two's Complement [Jata TTL Pin 18 

CWE Coefficient Write Enable TTL Pin 29 

CA2 Coefficient Address MSB TTL Pin '5 

CAl TTl Pin 16 

CAO Coefficient Address lSB TTl Pin 17 

LSI Products Division 
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Figure 1. 

CANONICAL FIR ARCHITECTURE 

INPUT --...-..... DELAYS 

• • • MULTIPLIERS 

SUMMER 

OUTPUT 

TDC1028 EQUIVALENT ARCHITECTURE 

INPUT --..... ----------.----- ••• --..... --------, 

• • • 

Figure 2. 

ARITHMETIC SUMMATION OF "SUM" OUTPUTS FOR 8-BIT COEFFICIENT. 8-BIT SIGNAL DATA WORDS 

SIGN EXTENSION BITS REQUIRED IF TWO'S COMPLEMENT IS USED 

+ ~ ~ 
+ ~ ~ 
+ d12 dl1 

520 519 

Figure 3. 

d12 dll dlO 

~ ~ d12 dl1 dlO dg d8 d7 dS 

~ ~ d12 dll dl0 dg da d7 dS 

dlO dg da d7 dS d5 d4 d3 d2 

51a 517 51S 515 514 513 512 511 510 

COEFFICIENTS {MSB 

LSB 

LSI Products Division 

SIGNAL DATA 

MSB LSB 

EGJ rn 
RESULT WEIGHTS 
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dg 

d5 

d5 

dl 

sg 

d8 d7 dS d5 d4 d3 I d2 I dl I dO 

d4 d3 d2 dl dO .. -
d4 d3 d2 dl dO 

... 

dO ... -
5a 57 5S 55 54 53 I 52 I 51 I SO I 

MULTIPLIERS 

SUMMERS 
AND 
DELAYS 

OUTPUT 

TDC 102a INPUTS 
DATA COEFFICIENTS 

LSB5 LSB5 

LSB5 MSBs 

MSB5 LSB5 
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Figure 4. 

SUM IN SID SI'4 

COEFFICIENT 
DATA AND C3,1 C1.3 
ADDRESS IN 

SIGNAL 
Do D'4 DATA IN 

CLOCK 

SUM OUT 

DATA OUT 0_1 

Figure 5. 

SUM IN SID 

SIGNAL 
00 DATA IN 

CLOCK 

SUM OUT 

DATA OUT 00_1 

----~~--~~--~~--~~----~----~----~----~----~~--~~--~~--~~--~~--~~---
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit 

eLK ALL OTHER INPUTS 
Vee Vee 

INPUT 

Rl = 25K 
R2 = 10K 
R3 = 50K 
R4 = 35K 

INPUT 

Figure 8. Test Load 

TO 5000 

OUTPUT PIN~ VLOAD 

:J;:40PF 

GND 
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Absolute maximum ratings (beyond which the device will be damagedl 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 Imeasured to 0GNO) ................................................................................................................................................................... - 0.5 to + 5.5V 2 

Applied current, externally forced .................................................................................................................................................................... -1.0 to +6.0mA3,4 

Short-circuit duration Isingle output in HIGH state to ground) ......................................................................................................................................... 1 sec 

Temperature 

Operating, case .......................................................................................................................................................................................................... -55 to + 125°C 

junction ....................................................................................................................................................................................................................... 175°e 

Lead, soldering 110 seconds) ..................................................................................................................................................................................................... 3000 e 

Storage ........................................................................................................................................................................................................................... -65 to 1500 e 

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 Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 v 

tpWL Clock Pulse Width, LOW 48 65 ns 

tpWH Clock Pulse Width, HIGH 48 65 ns 

tCY 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 Write Enable 30 30 ns 

tH Input Hold Time IAII inputs) 5 5 ns 

VIL Input Voltage, Logic LOW O.B o.B V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 /i A 

TA Ambient Temperature, Still Air 0 70 cC 

TC Case Temperature -55 +125 cC 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current VCC - MAX, Static 1 

T A = O°C to 70°C 700 mA 

TA = 70°C 550 mA 

TC = -55°C to 125°C 800 mA 

TC = 125°C 500 mA 

III Input Current, logic lOW VCC = MAX, VI = O.4V 
Data Inputs -0.4 -0.4 mA 

Clock Input -1.0 -1.0 mA 

IIH Input Current, Logic HIGH VCC = MAX, VI = 2.4V 
Data Inputs 75 75 I1A 
Clock Input 75 75 I1A 

II Input Current, Max Input Voltage VCC = MAX, VI = 5.5V 1.0 1.0 mA 

VOL Output Voltage, Logic LOW VCC = MIN, IOL = MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC = MIN, IOH = MAX 2.4 2.4 V 

lOS Short-Circuit Output Current VCC = MAX, Output HIGH, one pin to ground, -50 -50 mA 

one second duration 

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

Co Output Capacitance TA = 25°C, F = lMHz 15 15 pF 

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

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

tCY Cycle Time VCC = MIN 100 135 ns 

to Output Delay VCC = MIN, Test load: VlOAD = 1.8V 30 35 ns 

Note: 
1. All transitions are measured at a 1.5V level. .. 

LSI Products Division 
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Application Notes 

More than one TDC1028 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 TDC1028 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 Ithe 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 TDC1028. 
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 

I 52 

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. (A filter section is assigned for each 
element in the cross-product of the signal data and coefficient 
data word spaces.! 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 (TCo) 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 (TCC) 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 TDC1028 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. 

LSI Products Division 
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Figure 9. 
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Figure 10. 
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Product Temperature Range Screening Package Package 
Number Marking 

TDC1028J4C STD-T A - O°C to 70°C Commercial 48 lead DIP 1028J4C 

TDC1028J4G STD-T A - O°C to 70°C Commercial with Burn-In 48 lead DIP 1028J4G 

TD C 1028J4F 1 EXT - T C - -55°C to moc Commercial 48 lead DIP 1028J4F 
TDC1028J4A 1 EXT - T C - -55°C to moc High Reliability 2 48 lead DIP 1028J4A 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z1757. 

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. 

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

LSI Products Division 
TRW Electronic Components Group 
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Memorv/Storage Products 

LSI Products Division 

Shift Registers 
The TDC 1005 and TDC 1006 are very 
high-speed, synchronous shift registers. 
Both devices are TTL compatible and 
support 20MHz clock rates. The 
TDC 1006 stores a serial string of 256 
bits, while the TDC1005 stores two 
parallel 64-bit strings. 

Designed as a companion for the 
TDC 1028 FIR filter chip, the 
TDC 10 11 byte wide programmable 
shift register can be used for delays 
from 3 to 18 stages. Both the registers 
and controls can be clocked at 18MHz. 
A 4-bit synchronous instruction controls 
the length to provide variable-delay 
capabilities at video speeds. A special 
split-word mode (two 4-bit words) is 
also provided for use with the 
TDC1028. The device is expandable in 

Shift 
Rate1 

Product Description Size (MHz) 

TDC1005 Shih Register 64x2 25 

TDC1006 Shih Register 256x1 25 

TDC1011 Programmable 
Shih Register 18x8 18 

TDC1030 FIFO 64x9 15 

Note: 1. Guaranteed, Worst Case, T A ~ DoC to 70°C. 

TRW Electronic Components Group 

both the bit and word direction, and is 
fully TTL compatible. 

FIFO 
To help interface systems with differing 
instantaneous clock rates, TRW has 
introduced the TDC 1030, a 
first-in first-out memory. The device 
accommodates up to 64 nine-bit words 
and is fully TTL compatible. Data may 
be written into and read out from the 
device asynchronously, using the 
TDC1030's input and output 
handshaking ports. Two or more 
TDC 1030s can be cascaded serially to 
facilitate storage of longer data 
sequences. The maximum shift-in and 
shift-out rate is 15MHz for individual 
devices, and 13MHz for cascaded 
parts. The device may be used without 
the control flags up to 18MHz. 

Power 
Dissipation1 

(Watts) Package Notes 

0.6 J9 Expo n ~d bll!ICd:a:d dd Ii Ii: 

0.7 J9 Expandab leIC<Jsc<J dJb Ie 

0.8 J7, 87 Expan da ble/Cascadab Ie 

1.8 J6, 86, C3 Expandab le/Cascadable 

J 3 

lUI 



LSI Products Division 
J 4 TRW Electronic Components Group 



TDC1005 

Serial Shift Register 
Dual 64-bit 

The TRW TDC1005 is a dual 64-bit positive-edge-triggered 
serial shift register which operates at 25M Hz. This device is 
cascadable in the number of words and the word size. 

Complementary TTL outputs Q and Q are provided. The two 
data inputs in each shih register, 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 

• 25M Hz Guaranteed Clock Frequency 
• Fully TTL Compatible 
• True and Complementary Outputs 

Functional Block Diagram 

DOA 

CLK A 

CLK C 

CLK B 

DOB 

D1B 

DSB 

VCC > 
GND > 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single + 5V Power Supply 
• Available In 16 Lead Ceramic DIP 
• 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 

Phone: (6191 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 
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TDC1005 II~ir. 

Functional Block Diagram 

OSA 64 

01A 
0 0 0 0 0 °A 

0 
0 0 iI jj iI °A 

OOA CP CP CP 

ClK A 

ClK C 

ClK B 

OOB CP CP CP 

0 0 0 
0 

0 0 °B 

01B iI jj 0 jj 0 iIB 

OSB 
2 64 

VCC ) ~ 

GNO ) ~ 

Pin Assignments 

NC 16 VCC 
DB 2 15 °A 
DB 3 14 °A 

DSB 4 13 DSA 
D1B 5 12 D1A 
DOB 6 11 DOA 

ClK B 7 10 ClK A 
GND 8 9 ClK C 

16 Lead DIP - J9 Package 

lSI Products Division 
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Functional Description 

General Information 

The TDCloo5 is a positive-edge-triggered dual 64-bit serial 
shift register. One of two data inputs (00 and Dll is selected 

Power 

The TDCloo5 operates from a single + 5 Volt power supply. 

Name Function 

Vee Positive Supply Voltage 

GND Ground 

Data Inputs 

The TOCloo5 has two data inputs per block, (OoA and 008, 
D1A and D181. 

Name Function 

DOA Data Input 0, Block A 

DlA Data Input I, Block A 

DOB Data Input 0, Block B 

DlB Data Input I, Block B 

Data Select 

Two data select controls, one for Block A roSAI and one for 
Block B fOSSI, 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 TOCloo5. 

Name Function 

QA Data Output Block A 

by the Data Select control fDS/. Complementary outputs Q and 
IT are available. 

Value J9 Package 

+5.0V Pin 16 
O.OV Pin 8 

Value J9 Package 

TIL Pin 11 

TIL Pin 12 

TIL Pin 6 
TIL Pin 5 

The 0 input is selected when OS is LOW; the 1 input is 
selected when OS is HIGH. 

Value J9 Package 

TIL Pin 13 

TIL Pin 4 

Value J9 Package 

TIL Pin 15 

ITA Data Output (lnv.) Block A TIL Pin 14 

OB Data Output Block B TIL Pin 2 

ITS Data Output (lnv.) Block B TIL Pin 3 

LSI Products Division 
TAW Electronic Components Group J 7 
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Clocks 

The TDC1005 has three clock inputs (ClK A, ClK B, ClK CI 
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 Band 
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_---J{ \ ___ { \-

---j tH I-- I-- tpw ---l 

xp<i ts ~: III 

INPUT I 
DATA 

----------~----------
to --l ~ --l ~ to 

I I I I 
g~~:U_T ___ --'!~-----...... """\'_ ___ _ 

TIl 
TIL 

TIl 

Value 

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 (Typical) 

INPUT 
EQUIVALENT 

VCC --..... ---t~ 

INPUT 

CLK C 
Rl = 5.0K 
R2 = 2.4K 

DATA INPUTS 
Rl = 40K 
R2 = 18K 

J 8 

R2 

OUTPUT 
EQUIVALENT 

CLK A. CLK B '::' 
R1 = 10K 
R2 = 48K 

+VCC 

TO 
OUTPUT 11--..... ---114----. 
PIN 

lN3062 

LOAD 1 
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TDC1005 

Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltage ........................................................................................................................................................................................................................................ -0.5 to +7.0V 

Input Voltage ................................................................................................................................................................................................................................................. 0 to +5.5V 

Output 
Applied vonage Imeasured to GND! ............................................................................................................................................................................ 0 to +5.5V2 
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, 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 is specified as positive when flowing into the device. 

Operating conditions 

Temperature Range 
Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpw Clock Pulse Width 15 15 ns . 

ts Input Register Setup Time 4 4 ns 

tH Input Register Hold Time 10 10 ns 

VIL Input Voltage, Logic LOW O.B O.B V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 f..lA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

LSI Products Division 
TRW Electronic Components Group J 9 



TDC1005 

Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current Vcc - MAX 105 120 mA 

VOL Output Voltage, Logic LOW VCC - MIN, 10L = MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH VCC - MIN, IOH - MAX 2.4 2.4 V 

',L Input Current, Logic LOW 1 VCC - MAX, V,L = 0.4V -0.5 -O.B mA/load 

'IH Input Current, Logic HIGH 1 VCC - MAX, V,H - 2.4V 20 50 .u Alload 

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 

FC Clock Frequency (See Figure 31 25 25 MHz 

tD Output Delay (See Figure 31 30 3D ns 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1005J9C STD-T A - DOC to 70°C Commercial 16 Lead DIP 1 D05J9C 

TDC1DD5J9G STD-T A - DOC to 70°C Commercial with Burn-In 16 lead DIP 1005.196 

TDC1DD5J9F EXT - T C - - 55°C to 125°C Commercial 16 lead DIP 1 D05J9F 

TDC1D05J9A EXT-TC - -55°C to 125°C High Reliability 1 16 lead DIP 10D5J9A 

Note: 
1. Per TRW document 7DZD1757. 

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. 

LSI Products Division 
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TDC1006 

Serial Shift Register 
256-bit 

The TRW TDC1006 is a positive-edge-triggered serial shift 
register which operates at 25M Hz. The device is cascadable in 
the number of words and the word size. 

Complementary TIL outputs Q and IT 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 TIL Compatible 
• True and Complementary Outputs 

Functional Block Diagram 

DS 

D1 

DO 

ClK 

VCC > .. 
GND > ~ 

lSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Proven High - Reliability Radiation Hard Bipolar Process 

• Single +5V Power Supply 

• Available in 16 Lead Ceramic DIP 

• 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 

256 

o 

ii 

D 0 

o ii 

D 0 t----1~ 0 
D 

CP 

Phone: 16191 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 
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TDC1006 

Functional Block Diagram 

os 

01 

DO 

ClK 

VCC > • 
GNO > ~ 

Pin Assignments 

Functional Description 

General Information 

o 

CP 

NC 1 16 VCC 
NC 2 ~==l' 15 NC 
NC 3 14 NC 
NC 4 13 NC 
DO 5 12 NC 
D1 6 11 0 
DS 7 10 Q 

GND 8 9 ClK 

16 Lead DIP - J9 Package 

o 

ii 

o 0 

jj ii 

CP 

256 

o 0 1------4~ 

jj ii t-----4~ 

CP 

o 
ii 

The TOC1006 is a 256 - bit positive - edge -triggered serial shift 
register. One of two data inputs (DO and 01) is selected by 

the Data Select control OS. Complementary outputs Q and IT 
are available. 

Power 

The TOC1006 operates from a single +5 Volt power supply. 

Name Function Value J9 Package 

Vee Positive Supply Voltage +5.0V Pin 16 

GND Ground O.OV Pin B 

lSI Products Division 
J 12 TRW Electronic Components Group 



TDC1006 

Data Inputs 

The TOC1006 is a single 256-bit shift register with two data 
inputs DO and 01. 

Name Function 

DO Data Input 0 
01 Data Input 1 

Data Solect 

The TOC1006 has one data select control IDS) to select 
between inputs DO and 01. Input 01 is selected when OS is 
HIGH, DO is selected when OS is lOW. 

Name Function 

OS Data Select 

Data Outputs 

Complementary outputs Q and 0: are provided for the TDC1006. 

Name Function 

a Data Output 
IT 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 

LSI Products Division 
TRW Electronic Components Group 

Value J9 Package 

TIL Pin 5 

TIL Pin 6 

Value J9 Peckage 

TIL Pin 7 

Value J9 Package 

TTL Pin 11 

TTL Pin 10 

Value J9 Package 

TIL Pin 9 

Value J9 Package 

Open Pins 1-4, 12-15 

lUI 
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Figure 1. Timing Diagram 
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Figure 2. Equivalent Input/Output Schematics 

Figure 3. Test Load 
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Absolute maximum ratings (beyond which the device will be damaged) 1 

Supply Voltage ...................................................................................................................................................................................................................................... -0.5 to + 7.0 V 

Input Voltage ................................................................................................................................................................................................................................................. 0 to + 5.5V 

Output 
Applied vo~age (measured to GNDl ............................................................................................................................................................................ 0 to +5.5V 2 

Applied current, externally forced .................................................................................................................................................................... -1.0 to +6.0mA3.4 

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

Temperature 

llperating, ambient .................................................................................................................................................................................................... -55 to + 150°C 

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

Lead, soldering (10 sec.l ............................................... : ......................................................................................................................................................... +300°C 

Storage ............................................................................................ .......................................................................................................................... - 65 to + lS0°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 

Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tpw Clock Pulse Width 15 15 ns 

ts Input Register Setup TIme 4 4 ns 

tH Input Register Hold TIme 10 10 ns 

VIL Input Voltage, Logic LOW 0.8 0.8 V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 J-lA 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

LSI Products Division 
TRW Electronic Components Group J 15 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current Vcc - MAX 135 155 mA 

VOL Output Voltage, logic lOW VCC - MIN, 10l - MAX D.5 0.5 V 

VOH Output Voltage, logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 V 

III Input Current, logic lOW 1 VCC - MAX, Vll - 0.4V -D.5 -0.8 mA/load 

IIH Input Current, logic HIGH 1 VCC - MAX, VIH - 2.4V 20 50 ,uAlload 

Note: 
1. elK: Sixteen equivalent loads. 

Switching characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

FC Clock Frequency (See Figure 11 25 25 MHz 

to Output Delay (See Figure 11 30 30 ns 

Ordering Information 

Product Temperature Range Screening Package Package 
Number Marking 

TDC1006J9C STD-T A - DoC to 70°C Commercial 16 lead DIP 1006J9C 
TDC1006J9G STD-T A - DoC to 70°C Commercial With Burn-In 16 lead DIP 1006J9G 
TDC1006J9F EXT-TC - -55°C to 125°C Commercial 16 lead DIP 1006J9F 
TDC1006J9A EXT-TC - -55°C to 125°C High Reliability 1 16 lead DIP 1006J9A 

Note: 
1. Per TRW document 70Z01757. 

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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TDC1011 
Preliminary Information 

Variable - Length Shift Register 
8-bit, 18MHz 

The TRW TDC1011 is a high -speed, byte -wide shih register 
which can be programmed to any length between 3 and 18 
stages. It operates at a 56 nanosecond cycle time 118MHz shih 
ratel. 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. 

Built with TRW's OMICRON - B ™ 1-micron bipolar process, 
the TDC1011 provides the system designer with a unique 
variable -delay capability at video speeds. 

Features 

• 56ns Cycle Time (Worst Casel 

Functional Block Diagram 

eLK r----{::>-----+ TO All STAGES 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

• Single +5V Power Supply 

• TTL Compatible 
• Selectable Length From 3 To 18 Stages 
• Special 4- Bit Wide Mixed - Delay Mode 
• Available In 24 Lead DIP and CERDIP 

Applications 

• Word Size Expansion Of TDC1028 

• Video Filtering 
• High - Speed Data Acquisition 
• Local Storage Registers 
• Digital Delay Lines 
o Television Special Effects 

Phone: 16191 457 -1000 
Telex: 697 - 957 
TWX: 910-335-1571 
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TDC1011 

Functional Block Diagram 

ClK >----{::>-----+ TO ALL STAGES 

Pin Assignments 

J 18 

DID 1 
DI, 2 
012 3 
013 4 

liJ 5 
l1 6 

Vee 7 
elK 8 
014 9 
015 10 
Dl6 11 
017 12 

24 DOD 
23 00, 
22 002 
21 003 
20 l2 
19 l3 
18 GNO 
17 Me 
16 004 
15 005 
14 006 
13 007 

24 Lead DIP - J7 Package 
24 Lead CERDIP - 87 Package 
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TDC1011 

Functional Description 

General Information 

The TOC1011 consists of two 4-bit wide, adjustable length 
shift registers. These registers share control signals and a 
common clock. 

Power 

The TDC10ll operates from a single +5 Volt supply. 

Name Function 

Vee Positive SupplV Voltage 

GND Ground 

Inputs 

The eight inputs to the TOC1011 are divided into two groups 
of four, and are intended to support the TOC1028, 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 

Name Function 

010 Data Input 

011 
012 
013 

014 
015 

016 

017 Data Input 

Outputs 

The outputs of the TOClDll are delayed relative to the input 
signals. The amount of the delay is programmable (refer to 
Controls Section!. The outputs remain valid for a minimum of 

Name Function 

000 Data Output 

001 

002 

003 

004 

005 

006 

007 Data Output 

LSI Products Division 
TRW Electronic Components Group 

Value J7, 87 Package 

5.0V Pin 7 

O.OV Pin 18 

Controls Section!. The incoming data is unchanged by the 
TOC1011. All inputs are fully TTL compatible and all internal 
circuitry is static. 

Value J7, 87 Package 

TIL Pin 1 

TIL Pin 2 

TIL Pin 3 

TIL Pin 4 

TIL Pin 9 

TIL Pin 10 

TIL Pin 11 

TIL Pin 12 

tHO nanoseconds after the leading edge of ClK. This allows 
the data to be latched into circuits with non - zero hold time 
requirements. 

Value J7, 87 Package 

TIL Pin 24 

TIL Pin 23 

TIL Pin 22 

TTL Pin 21 

TIL Pin 16 

TIL Pin 15 

TIL Pin 14 

TIL Pin 13 

J 19 

IDI 
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Clock 

The TOC10ll operates synchronously from a single master 
clock line, which can be clocked up to IBM Hz. All operations 

Namo Function 
ClK Clock 

Controls 

The TOC10ll has four length selection controls and one mode 
selection control. The operation of these controls is shown in 
Table I. 

Namo Function 

Lo length Select lSB 

l1 length Select 

l2 length Select 

l3 length Select MSB 
MC (Mode) Mode Control 

Length Programming Table I 

Input Codo 
003-0 

L3 LZ L1 Lo Longth 

0 0 0 0 3 
0 0 0 1 4 

0 0 1 0 5 

0 0 1 1 6 
0 1 0 0 7 

0 1 0 1 8 

0 1 1 0 9 
0 1 1 1 10 

1 0 0 0 11 

1 0 0 1 12 

1 0 1 0 13 

1 0 1 1 14 

1 1 0 0 15 

1 1 0 1 16 

1 1 1 0 17 

1 1 1 1 18 

J 20 

occur at the rising edge of the master clock. Since the internal 
circuitry is static, the clock can be gated if desired. 

Valuo J7, 87 Packago 
TTL Pin B 

Valua J7, 87 Packago 
TTL Pin 5 
TTL Pin 6 
TTL Pin 20 
TTL Pin 19 
TTL Pin 17 

Modo (MC) = 0 Modo (MC) = 1 

007-4 003-0 OOJ-4 
Longth Longth Longth 

3 3 18 
4 4 18 
5 5 1B 

6 6 1B 

7 7 1B 

8 8 1B 

9 9 18 

10 10 1B 

11 11 18 

12 12 18 

13 13 18 

14 14 18 

15 15 18 

16 16 18 

17 17 18 

18 18 18 

LSI Products Division 
TRW Electronic Components Group 
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Figure 1. Timing Diagram IPreset Length Controls) 

I 

CLOCK J \ 
1 --l 

1,.-_""",\ /1 

'-----Jt \'-----J. 1 

IS IIHI-- I 
\'------J1 

i 

I 

D17-0 XXXXXX 
---t IS IIH I---

I I I 

I I 

DATA XXXXXXDATA XXXXXXDATA XXXX N+lN+l+1N+l+1 

1 

MODE. X X 
l3-0 -6.._ .... _CO_N_TR_O_lS ........ :...... _________ _ ••• 

I 
I-ID---j 

---J IHO 1-1 

DDJ-o X 

Figure 2. Length Control Operation 

Figure 3. Equivalent Input Circuit 

VCC --0----0--

INPUT 

ClK 
R1 = 25K 
R2 = 10K 

LSI Products Division 
TRW Electronic Components Group 

I I I x ~ATA: X 
I 

DATA 
N + 1 

Figure 4. Equivalent Output Figure 5. Test Load 
Circuit 

x 

----4~----o VCC TO 500n 

OUTPUT PIN~ VLOAD 

1
40PF 

GND 

OUTPUT 

J 21 

.. 
I 
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Absolute maximum ratings (beyond which the device will be damagedl 1 

Supply Voltage ........................................................................................................................................................................................................................................ - 0.5 to + 7.0V 

Input 
Applied voltage .......................................................................................................................................................................................................... -0.5 to +5.5V2 

Forced current ........................................................................................................................................................................................................... - 6.0 to + 6.OmA 

Output 

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

Forced current .................................................................................................................................................................... : ................................ -1.0 to +6.OmA 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 (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 Nom Max Min Nom Max Units 

VCC 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 

Vll Input Voltage, Logic LOW O.B O.B V 

VIH Input Voltage, Logic HIGH 2.0 2.0 V 

IOL Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 f.1A 

TA Ambient Temperature, Still Air 0 70 °c 

TC Case Temperature -55 125 °c 

LSI Products Division 
J 22 TRW Electronic Components Group 
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Electrical characteristics within specified operating conditions 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

ICC Supply Current Vcc - MAX, Static' 150 200 mA 

IlL Input Current, logic lOW VCC - MAX, VI - 0.4V 
Data Inputs -0.4 -0.4 mA 
Clock -1.0 -1.0 mA 

IIH Input Current, logic HIGH Vce - MAX, VI - 2.4V 75 75 pA 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 mA 

VOL Output Voltage, logic lOW VCC - MIN, 10L - MAX 0.5 0.5 V 

VOH Output Voltage, Logic HIGH Vce - MIN, 10H - MAX 2.4 2.4 V 

lOS Short - Circuit Output Current V CC - MAX, One pin to ground, one second 
duration max, output HIGH -5 -40 -5 -40 mA 

C, Input Capacitance TA - 25°C, F - lMHz 15 15 pF 

Co Output Capacitance TA - 25°C, F - lMHz 15 15 pF 

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

Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max Units 

fCLK Clock Rate Vce - MIN 
Static Length Controls 18 15 MHz 

Dynamic Length Controls 15 10 MHz 

tD Output Delay Vce - MIN, Test Load: VLOAD - 2.2V 25 30 ns 

tHO Output Hold Time 2 Vee - MAX, Test Load: VLOAD - 2.2V 5 5 ns 

Notes: 
1. All transitions are measured at a 1.5V level. 
2. Guaranteed, not tested. 

LSI Products Division 
TRW Electronic Components Group J 23 
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Application Notes 

The TO C1011 has two types of applications: as a support 
device for the TDC1028, and as a general variable-length shift 
register. 

To support the TOC1028, the lengths will be set to one of the 
following: 

1. 80th sections 9 stages long. 
2. One section 9 stages long, the other section 18 stages long. 
3. 80th sections 18 stages long. 

The sections are interchangeable only if the lengths are 
identical. 

Ordering Information 

Product Temperature Range 
Number 

1OC1DllJ7C 810-T A - DOC to 70°C 
1OC1DllJ7G 810-TA - DOC to 70°C 
1OC1DllJ7F EXT-TC - -55°C to 125°C 
1OC1DllJ7A EXT - T C - - 55°C to 125°C 

1OC1DllB7C 810-T A - DOC to 70°C 
1OC1DllB7G 810-TA - DOC to 70°C 

Note: 
1. Per TRW document 70Z01757. 

Further description of the use of the TDC1011 to support the 
TDC1028 is given in TRW LSI Products Application Note 
TP-22. 

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. 

Screening Package Package 
Marking 

Commercial 24 Lead DIP lDllJ7C 
Commercial With Burn-In 24 Lead DIP lDllJ7G 
Commercial 24 lead DIP lDllJ7F 
High Reliability 1 24 lead DIP lOIIJ7A 

Commercial 24 Lead CERDIP lDllB7C 
Commercial With Burn-In 24 Lead CERDIP lDllB7G 

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. 

J 24 

Pranminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited 
characterization. They may change without notice. Contact TRW for current information. 
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TDC1030 
Preliminary Information 

First-In First- Out Memory 
64 words by 9 bits cascadable 

The TRW TOC 1030 is an expandable, First -In First - Out IFIFOI 
memory organized as 64 words by 9 bits. A 15MHz data rate 
makes it ideal in high -speed applications. Burst data rates of 
18MHz can be obtained in applications where the device status 
flags are not used. 

With separate Shift -In (SIl and Shift - Out (SOl controls, 
reading and writing operations are completely independent, 
allowing synchronous and asynchronous data transfers. 
Additional controls include a Master Reset (MRI, and Output 
Enable (DEI. Input Ready (lRI 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. 

Features 

• 64 Words By 9 Bits Organization 
• 15MHz Shift-In, Shift-Out Rates With Flags 

Functional Block Diagram 

INPUT 
08-0 STAGE 

1 x 9 

IR 

SI 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

"'~ •• 
• 18MHz Burst-In, Burst-Out Rates Without Flags 

• Cascadable To 13MHz 
• 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 Lead Ceramic DIP, CERDIP, or Contact 

Chip Carrier 

Applications 

• High - Speed Disk Or Tape Controller 
• Video Time Base Correction 
• AID Output Buffers 
• Voice Synthesis 
• InputIDutput Formatter For Digital Filters and FFTs 

MAIN OUTPUT 
REGISTER STAGE °8-0 
62 x 9 1 x 9 

DE 

so 
CONTROL LOGIC 

OR 

MR 

Phone: 16191 457 -1 000 ©TRW Inc. 1985 
Telex: 697 -957 40G00400 Rev. G -3185 
TWX: 910-335-1571 Printed in the U.S.A. 

lUI 
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Functional Block Diagram 

Pin Assignments 

DS-D 

IR 

SI 

GND 1 

INPUT 
STAGE 
1 x 9 

GND 2 j--------' 

IR 3 
81 4 

DO 5 
D, 6 
D2 7 
D3 8 
D4 9 
D5 10 
D6 11 
D7 12 
D8 13 

GND 14 

28 Vee 
27MR 
26 SO 
25 OR 
24 00 
23 0, 
22 02 
21 03 
20 ~ 
19 Os 
18 Os 
17 07 
16 Os 
15 DE 

28 Lead DIP - J6 Package 
28 Lead CERDIP - B6 Package 

Functional Description 

Data Input (Figure 11 

Following power up, the Master Reset (MAl is pulsed LOW to 
clear the FIFO (Figure 2l. The Input Ready OAI flag HIGH 
indicates that the FIFO input stage is empty and available to 
receive data. When IR is valid (HIGHl, Shih-In (SI) may be 
asserted, thus loading the data present at DO through 08 into 
the FIFO. Bringing the SI signal HIGH causes IR to drop LOW. 

J 26 

MAIN 
REGISTER 
B2x 9 

CONTROL LOGIC 

SO 26 
MR 27 

Vee 28 
GND 1 
GND 2 

IR 3 
81 4 

OUTPUT 
STAGE 
1 x 9 

SO 

1------.. OR 

~8d~B3g' 

~~~i::IN~~ 

18 Os 
17 07 
16 as 
15 DE 
14 GND 
13 D8 
12 D7 

",=,...=cn~:: 

= - N C"lI -:r '" = QQQQQQQ 

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 aher the SI pulse, IR will again 
be valid (HIGHl, indicating that there is space available in the 
FIFO. If the memory is full, the IR flag remains invalid (LOWl. 

LSI Products Division 
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With the FIFO full, the SI can be held HIGH until a Shih-Out 
ISOl occurs IFigure 31. Fo"owing the SO pulse, the empty 
location "bubbles up" to the input stage. This results in an 

Data Transfer 

Aher data has been transferred into the second location by 
bringing SI LOW, the data continues to "fall through" the FIFO 

Data Output IFigure 4) 

The Output Ready lOR) flag HIGH indicates that there is valid 
data at the output stage (pins 00 - OSI. An initial Master Reset 
(MAl pulse LOW at power up sets the Output Ready LOW 
IFigure 21. Although the internal control circuitry is cleared, 
random data remains on the output pins. Data shihed into the 
FIFO laher MR) "fa"s through" to the output stage, causing OR 
to go HIGH, and replaces the random data with valid data. 

When the OR flag is valid (HIGH), data can be transferred out 
via the Shift-Out ISO) control. An SO HIGH results in a "busy" 
(LOW) 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 anyone 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 

DD Data Input 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

DB Data Input 

LSI Products Division 
TRW Electronic Components Group 

Input Ready UR) 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 (LOW/. 
With the FIFO empty, the last word shifted out remains on the 
output pins 00 - OS. 

With the FIFO empty, the SO can be held HIGH until a SI 
occurs IFigure 51. Fo"owing the SI pulse, the data "fa"s 
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 Ii.e., S x 64, 7 x 64 ... 1 x 641. In the 
reduced format, the unused data output pins must also be left 
open. 

Value J6, C3, 86 Package 

TIL Pin 5 
TIL Pin 6 

TIL Pin 7 

TIL Pin B 

TIL Pin 9 

TIL Pin 10 

TIL Pin 11 

TIL Pin 12 

TIL Pin 13 

J 27 

I 

lUI 
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Data Outputs 

The nine data outputs of the TDC1030 are TTL compatible, 
capable of driving four low-power Schottky TTL (54/74 LSI 
unit loads or the equivalent. There is no weighting to the 
outputs, and anyone of them can be assigned as the MSB. 

Controls 

SI 

so 

Power 

Name Function 

00 Data Output 

°1 
°2 
°3 
°4 
°5 
Os 
°7 
°8 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 Shift-In 
SO Shift-Out 
MR Master Reset 
DE Output Enable 

The TDC1030 operates from a single +5.0V supply. All power 
and ground pins must be connected. 

Name Function 

Vee Supply Voltage 
GND Digital Ground 

J 28 

-~ ... .. , .. 
The memory size of the FIFO can be reduced from the 9 x 64 
configuration by leaving open unused data output pins 
O.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, e3, 86 Package 

TIl Pin 24 
TIl Pin 23 
TIl Pin 22 
TIl Pin 21 
TTL Pin 20 
TIl Pin 19 
TIl Pin 18 
TIl 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 DE LOW, the outputs of the FIFO are 
TTL compatible. When disabled 
mE HIGHI, the outputs go into their 
high-impedance state. 

Value J6, e3, 86 Package 

TTL Pin 4 

TTl Pin 26 
TTL Pin 27 
TTL Pin 15 

Value J6, e3, 86 Package 

+5.0 Pin 28 
0.0 Pins 1, 2, 14 

LSI Products Division 
TRW Electronic Components Group 
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Status Flags 

Input Ready !lRI and Output Ready IORI 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 FI FO 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 (IR, OR) is valid OR An OR flag HIGH assures valid data at the 

output stage (pins QO - QSI. However, the OR 
flag does not indicate whether or not there is 
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. 

(Figures 1 and 4). 

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 Function 

IR Input Ready Flag 

OR Output Ready Flag 

Appfication 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 
i~tercommunication 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 

LSI Products Division 
TRW Electronic Components Group 

Value J6, 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 
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. 

J 29 
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TDC1030 Timing Diagrams 

Figure 1. Shifting In Sequence. FIFO Empty To FIFO Full 

INPUT -7"'-rh 
READY 

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 (tlR delay after SI HIGHI - input 
stage "busy." 

4. Shift -In set LOW - data from first location "falls through." 

Figure 2. Master Reset Applied With FIFO Full 

MASTER RESET -----"'" 

5. Input Ready goes HIGH (tiR 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 
FIFO, no data transfer occurs. 

INPUT READY _____ ..L.j."""-.L-L-I--..At......J:'--L~....L..-'--J 

OUTPUT READY -------+"'T""".....-...--r--"" ......... --.....--+ __ __ 

SHIFT -IN ____________ ..Lf-L......"--A'--L-L....L....L...L.....L-L...I 

1. Input Ready LOW, Output Ready HIGH - assume FIFO is 
full. 

2. Master Reset pulse LOW - clears FIFO. 

3. Input Ready goes HIGH (tMRIRH delay after MRI - flag 
indicates input prepared for valid data. 

J 30 

4. Output Ready drops LOW (tMRORL delay after MRI - flag 
indicates FIFO empty. 

5. Shift-In HIGH (tMRSI delay after MRI - clearing process 
complete, move new data into FIFO. 

LSI Products Division 
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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 (tFT fallthrough delay after SO pulsel -

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 

OUTPUT 1 
READY -.....,~ 

DATA 
OUTPUT 

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 (tOR delay aher SO HIGHI -

output stage "busy." 
4. Shih - Out set LOW - data in the input stage is unloaded, 

and new data replaces it as empty location "bubbles up" to 
input stage. 

LSI Products Division 
TRW Electronic Components Group 

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." 

~--
~ 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. 

J 31 
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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, Shih-Out is held HIGH. 
2. Shift-In pulse - loads data into FIFO and initiates "fall 

through" process. 
3. Data Output transition - (tOoF delay before OR HIGHI, valid 

data arrives at output stage. 

4. Output Ready HIGH - (tFT fallthrough delay after SI pulsel, 
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. Shih-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 

.... --IIR 

_'-.'1 D8-0 

B4 WORDS 
x 9 BITS 

A 

The TOC1030 is easily cascaded to increase word capacity 
without any external circuitry. In the cascaded format, all 
necessary communications are handled by the FIFos 

J 32 

OR OR OUTPUT READY FLAG 

SO SO SHIFT OUT 

Do B4 WORDS 
0, x 9 BITS 

°2 °8-0 DATA OUTPUT 
03 
'4 
°5 B 
Ila 
°7 
08 

themselves. Figures 7 and 8 demonstrate the 
intercommunication timing between FIFO A and FIFO 8. 
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Figure 7. FIFO - FIFO Communication: Input Timing Under Empty Condition 

INPUT 

READY A 
SHIFT-IN 
A 

OUTPUT READY AI 

~ 
2 

SHIFT -IN B --+--+-'--~---""""""'-' I 

SHIFT-OUT AI 
INPUT READY B 

DATA OUT AI 

DATA IN B 

OUTPUT READY B ------------~+--L-....L...L.....I.--'-~' 

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 AlData In 8 transition - (tOOF delay before OR 
IAI HIGHI, valid data arrives at FIFO A output stage prior to 
OR flag, meeting data input setup requirements of FIFO 8. 

4. OR (AI and SI lSI pulse HIGH - ItFT delay after SI IAI 
LOWI, data is unloaded from FIFO A as a result of the 
Output Ready Pulse IT Opl, data is shifted into FIFO 8. 

xx 

5. IR lSI and SO IAI go LOW - ItlA delay after SI lSI HIGHI, 
flag indicates input stage of FIFO 8 is "busy," Shift-Out of 
FIFO A is complete. 

B. IR (8) and SO IA) go HIGH - ItlR delay after SI lSI LOWI, 
input stage of FIFO 8 is again available to receive data, SO 
is held HIGH in anticipation of additional data. 

7. OR 181 goes HIGH - ItFT delay after SI lSI LOWI, valid 
data is present at the FIFO 8 output stage. 

Figure O. FIFO - FIFO Communication: Output Timing Under Full Condition 

OUTPUT READY B ~ 

112 
SHIFT-DUTB --1 I-----~-------------

INPUT READY BI 
SHIFT-OUT A 

SHIFT-IN BI 
OUTPUT READY A 

DATA OUT AI 

DATA IN 8 

INPUT READY A 

1. FIFO A and B initially full, SI 181 held HIGH in anticipation 
of shifting in new data as empty location "bubbles up." 

2. Unload one word from FIFO 8 - SO pulse applied, OR 
pulse results. 

3. IR IS) and SO IA) pulse HIGH - 11FT delay after SO IS) 
LOW), data is loaded into FIFO 8 as a result of the Input 
Ready Pulse ItlPI, data is shifted out of FIFO A. 
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4. OR IAI and SI lSI go LOW - (tOR delay after SO (AI HIGHI, 
flag indicates the output stage of FIFO A is "busy," Shift-In 
to FIFO 8 is complete. 

5. OR (AI and SI lSI go HIGH - ItOR delay after SO (AI LOWI, 
flag indicates valid data is again available at the FIFO A 
output stage, SI lSI is held HIGH, awaiting "bubble up" of 
empty location. 

B. IR (AI goes HIGH - (tFT delay after SO IAI LOWI, an empty 
location is present at input stage of FI FO A. 
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Figure 9. Expanded FIFO for Increased Word Length - 64 Words X 18 Bits 

DATA INPUT 

COMPOSITE 
INPUT 
READY 
FLAG 

SHIFT-IN 

MASTER RESET ")----f----t-....... 

DATA INPUT 

The TDC1030 is easily expanded to increase word length. 
Composite Input Ready and Output Ready flags are formed 
with the addition of an AND logic gate. The basic operation 

Figure 10. Shift-In Operation In High-Speed Burst Mode 

08-0 °8-0 DATA OUTPUT 

IR 64 WORDS OR COMPOSITE 
SI x B BITS SO OUTPUT 

READY 
fim DE FLAG 

SHIFT-OUT 

OUTPUT ENABLE 

IR OR 
64 WORDS 

SI x 9 BITS SO 

MR DE 

08-0 Os-o DATA OUTPUT 

and timing are identical to a single FIFO, with the exception of 
an added gate delay on the flags. 

.-----1/FBI---~ 

SHIFT-IN 

DATA 
INPUT 

INPUT 
READY FLAG xxxxxxxxxxxxxx 

In the high -speed mode, the Burst -In 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. 
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Figure 11. Shift-Out Operation In High-Speed Burst Mode 

1------1/FBO ------1-1 

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 

Vcc --0---...... -

INPUT 

Sl. SO 
R1 = 25K 
R2 = 10K 

Figure 14. Test Load 

INPUT 

OS-D. 

MR 

TO 500n 

OUTPUT PIN~ VLOAD 

140PF . 

GND 
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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 

-----4 ..... ----0 Vee 

""'--0 OUTPUT 

Figure 15. Transition Levels For Three-State Measurements 

THREE-STATE 
OUTPUTS 

tOlS 0.5V 

O.SV 

HIGH IMPEDANCE 

2.0V 
O.BV 
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Absolute maximum ratings Ibeyond 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 + 5.5V 2 

Forced current ..................................................................................................................................................................................................... -1.0 to +6.0mA3,4 
Short circuit duration (single output in high state to groundl ............................................................................................................................................ 1 sec 

Temperature 
Operating, case .......................................................................................................................................................................................................... -60 to + 140°C 

junction .................................................................................................................................................................................................................... + 175°C 
lead, soldering (10 secondsl .................................................................................................................................................................................................. + 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 positive when flowing into the device. 

Operating conditions 

Temperature Range 

Standard Extended 

Parameter Min Nom Max Min Nom Max Units 

VCC Supply Voltage 4.75 5.0 5.25 4.5 5.0 5.5 V 

tSll Shift-In Pulse Width, lOW 20 20 ns 

tSIH Shift-In Pulse Width, HIGH 15 lB ns 

ts Input Setup Time 0 0 ns 

tH Input Hold Time 25 30 ns 

tSOl Shift-Out Pulse Width, lOW 20 20 ns 

tSOH Shift-Out Pulse Width, HIGH 15 lB ns 

Vll Input Voltage, logic lOW O.B O.B V 

VIH Input Voltage, logic HIGH 2.0 2.0 V 

IOl Output Current, Logic LOW 4.0 4.0 mA 

IOH Output Current, Logic HIGH -400 -400 f1A 

TA Ambient Temperature, Still Air 0 70 °C 

TC Case Temperature -55 125 °c 

LSI Products Division 
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Electrical characteristics within specified operating conditions 

Temperature Ranoe 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

ICC SupplV Current VCC - MAX, static 1 

T A-0° C to 70° C 350 

TA - 70°C 2S0 

'Tc_ - - 55°C to 125°C 400 

TC - 125°C 260 

IlL Input Current, Logic LOW VCC - MAX, VI - 0.4V 

0S-O' MR -0.4 -0.4 
81, SO, trr -1.0 -1.0 

IIH Input Current, Logic HIGH VCC - MAX, VI - 2.4V 75 75 

II Input Current, Max Input Voltage VCC - MAX, VI - 5.5V 1.0 1.0 

VOL Output Voltage, Logic LOW VCC - MIN, IOL - MAX 0.5 0.5 

VOH Output Voltage, Logic HIGH VCC - MIN, 10H - MAX 2.4 2.4 

IOZL HIGH - Z Output, Leakage Current, Logic LOW VCC - MAX, VI - 0.4V -40 -40 

10ZH HIGH-Z Output, Leakage Current, Logic HIGH VCC - MAX, VI - 2.4V 40 40 

lOS Short Circuit Output Current VCC - MAX, One pin to ground, -40 -40 
one second duration, output HIGH. 

CI Input Capacitance T A - 25°C, F - 1.0MHz 15 15 

Co Output Capacitance T A - 25°C, F - 1.0MHz 15 15 

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

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. 

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

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

/-lA 
rnA 

V 

V 

/-lA 

/-lA 
rnA 

pF 

pF 
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Switching characteristics within specified operating conditions 1 

Temperature Range 
Standard Extended 

Parameter Test Conditions Min Max Min Max 

FSI Shift -In Clock Rate VCC - MIN 18 16 

FBI Burst.-In Clock Rate VCC - MIN 20 18 

tlR Input Ready Delay VCC - MIN 40 50 

tFT Fa"through Time VCC - MIN, Test load: VLOAD - 2.2V 1.6 1.8 

FSO Shift - Out Clock Rate VCC - MIN 15 13 

FBO Burst- Out Clock Rate VCC - MIN 18 16 

tOR Output Ready Delay VCC - MIN, Test load: VLOAD - 2.2V 51 65 

tD Data Output Delay VCC - MIN, Test load: VLOAD - 2.2V 50 65 

tHO Data Output Hold Time VCC - MIN, Test load: VLOAD - 2.2V 15 15 

tMRW Master Reset Pulse Width VCC - MIN 20 25 

tMRORl Master Reset to OR lOW VCC - MIN, Test load: VLOAD - 2.2V 60 80 

tMRIRH Master Reset to IR HIGH VCC - MIN, Test load: VLOAD - 2.2V 45 65 

tMRSI Master Reset to SI VCC - MIN 55 65 

tIP Input Ready Pulse VCC - MIN, Test load: VLOAD - 2.2V 40 45 

top Output Ready Pulse VCC - MIN, Test load: VLOAD - 2.2V 45 50 

tDOF Data To Output Flag Delay VCC - MIN, Test load: VlOAD - 2.2V 1 1 

tENA Three - State Output Enable Delay VCC - MIN, Test load: VlOAD - 1.8V 35 45 

tOiS Three - State Output Disable Delay VCC - MIN, Test load: VlOAD - 2.6V 30 40 

for tOlSO' O.OV for tOlS1 2 

Notes: 
1. A" transitions are measured at a 1.5 level except for tOIS and tENA. which are shown in Figure 15. 

2. tOISl denotes the transition from logical 1 to three -state. 
tOISO denotes the transition from logical 0 to three -state. 

Ordering Information 

Product Temperature Range 
Number 

TDC1030J6C STD-T A - O°C to 70°C 
TDC1030J6G STD-T A - O°C to 70°C 
TDC103OJ6F EXT - T C - - 55°C to 125°C 
TDC1030J6A EXT - TC - -55°C to 125°C 

TDC1030C3C STD-T A - O°C to 70°C 
TDC1030C3G 1 STD-T A - O°C to 70°C 

TDC1030C3F EXT - T C - -55°C to 125°C 
TDC1030C3A EXT - T C - -55°C to 125°C 

TDC1030B6C STD-T A - O°C to 70°C 
TDC1030B6G STD- TA - O°C to 70°C 

Notes: 
1. Contact factory for availability. 

2. Per TRW document 70Z01757. 

J 38 

Screening Package 

Commercial 28 lead OIP 

Commercial With Burn-In 28 lead OIP 

Commercial 28 lead OIP 

High Reliability 2 28 lead OIP 

Commercial 28 Contact Chip Carrier 

Commercial With Burn-In 28 Contact Chip Carrier 

Commercial 28 Contact Chip Carrier 

High Reliability 2 28 Contact Chip Carrier 

Commercial 28 lead CEROIP 

Commercial With Burn-In 28 lead CEROIP 

LSI Products Division 
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Units 

MHz 

MHz 

ns 

IlS 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Package 
Marking 

1030J6C 

1030J6G 

1030J6F 

1030J6A 

1030C3C 

1030C3G 

1030C3F 

1030C3A 

1030B6C 

1030B6G 
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Reliability 

LSI Products Division 

The ability to produce integrated 
circuits to high reliability specifications 
cannot be learned overnight. It takes 
years to develop such capability with 
special attention given to manufacturing 
processes and circuit design techniques. 

TRW has been in the forefront of the 
development and production of high 
reliability integrated circuits. Following 
the small-scale integration afforded by 
the first TTL gates, TRW moved to 
medium and large-scale integration. 

TRW LSI Products' movement from 
SSI to VLSI has been centered around 
the use of a triple diffusion (3D) 
bipolar process. This process was 
developed by TRW in the early 1960s 
and has been consistently improved to 
give superior producibility, 
performance and reliability. Recently a 
bulk l.u CMOS process has been 
developed and has demonstrated 
excellent reliability. 

The 3D process meets the stringent 
requirements of MIL-M-38510 and 
MIL-STD-883, as well as those 
requirements of other high performance 
commercial and industrial applications. 
Development of the process was only 
one of the steps required to produce 
high reliability VLSI. Circuit design 
must also be directed toward the same 
goal. Reliability cannot be added at a 
later stage in the development process. 
It must be included in the initial design 
of each device. 

Another aspect of reliability is the 
control of the assembly process, which 
is necessary to obtain the desired 
results. Here again, there is no 
substitute for experience. Each step in 
the TRW LSI assembly process is 
controlled within narrow limits to 
produce high-yield devices of proven 
reliability. Testing verifies that high 
reliability VLSI has been achieved. 
TRW performs unique, product­
oriented accelerated life tests in 
addition to tests that are in accordance 
with MIL-M-3851O and MIL-STD-883. 

Demonstrated VLSI Reliability 
Reliability is expressed in terms of 
failure units, or FITs, which are 
defined as failures per 109 device­
hours. VLSI devices from TRW LSI 
Products exhibit a failure rate many 

TRW Electronic Components Group 

times better than that obtainable from 
SSI or MSI logic. 

An example of the reliability possible 
from VLSI is evidenced by tests 
performed on the MPYO 16H multiplier. 
The MPY016H contains 14,000 
components (transistors and resistors) 
configured into 888 Current Mode 
Logic (CML) gates. Eighteen of these 
devices were operated for 2,000 hours 
at 290°C junction temperature, and a 
median life of 8.0 x 106 hours at 
Tj= 125°C was demonstrated. This 
corresponds to a mean time to failure 
(MTTF) of 3.39 x 107 hours or a 
failure rate of 29.5 FITs. 

Accelerated life testing at elevated 
temperatures is used to reduce testing 
hours to a practical number. The 
theoretical basis for accelerated 
temperature testing is the Arrhenius 
equation that relates failure rate to 
temperature: 

1 -E 
-= A exp I _8_1 
tf kT 

where: tf = time to failure 

A = a constant 

Ea = activation energy 
(approx. 1.02 eV) 

k = Boltzmann's constant 
(8.61 x 10-5 ev/oK) 

T = absolute temperature 
(OK= °C+273°) 

A graphical solution of the Arrhenius 
equation can be performed. The first 
step in the evaluation of the test results 
is to plot the cumulative percent of 
failures vs. the hours to failure, as 
shown in Figure 1. Then, the best 
straight line fit for these points is 
drawn to represent the failure 
distribution. The intersection of this 
line with the 50% failure line is the 
median lifetime, tm, which in this case 
is 1500 hours. 

An activation energy of 1.02eV was 
used for the example in Figure 2. From 
this data point (a junction temperature 
of 290°C and median lifetime of 1500 
hours), a median lifetime of 8 x 106 

hours at 125°C is extrapolated. This 
corresponds to a mean time to failure 
(MTTF) of 3.39 x 107 hours, or a 
failure rate of 29.5 FITs. 
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Figure 1. Median lifetime, tm, is 1500 hours for 18 samples of the MPY01BH multiplier operating at 
290°C junction temperature. 
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Inherent Radiation Hardness 

Radiation Source 

Gamma Rays 

Neutrons 

X-Ray IUpsetl 

X-Ray !Burnoutl 

Radiation Level 
IDevice Fully Functionall 

106 rads ISil 
10 14 n/cm2 

2.9 x 108 rads/sec 

1.3 x 1012 rads/sec 

Table 1. Radiation Resistance Levels 

As shown in Table 1, TRW's 3D 
bipolar process is inherently radiation 
resistant. High energy radiation excites 
and ionizes the semiconductor materials 
and displaces atoms from normal 
crystal sites, thus, it has a profound 
effect on device parameters. These 
effects result from damage induced by 
neutrons, X-rays, and gamma rays. The 
damage can change AC and DC 
parameters, affect functional 
performance, and in some cases even 
destroy the device. Often, these effects 
are temporary, lasting only 
microseconds, but in some cases they 
cause permanent damage. 

The small geometries and 3D bipolar 
fabrication process make TRW LSI 
Products' VLSI devices inherently 
radiation-hard. This hardness is 
obtained by structural perfection and 
cleanliness of the silicon-silicon dioxide 
interface. As a result, these devices 
outperform many of the MOS and 
bipolar devices exposed to similar 
radiation environments. TRW's 
multipliers have been found fully 
functional after an absorbed dose of 
106 rads (Si) from a gamma ray 
source. 

Reliability by 
Design 
Fabrication 
Matching the fabrication process to 
both semiconductor and circuit design, 
TRW LSI Products achieves optimum 
performance from VLSI. As a result, 
both high reliability and good yields 
are available. 

An example of the reliability designed 
into our bipolar and CMOS processes 
is the use of a composite metallization 
system consisting of titanium and 

TRW Electronic Components Group 

Neutron damage also causes a change 
in device characteristics by reducing 
hfe' the current gain of the transistor. 
The 3D transistors are inherently 
resistant to neutron damage· because 
their narrow base region and low 
transmit time provide an ft of about 
300MHz for 2-micron geometries; thus, 
any small change in hfe has little effect 
on performance. VLSI multipliers 
fabricated with the 3D J'rocess have 
survived a dose of 101 n/cm2 without 
functional failures. 

Another source of potential radiation 
problems comes from X-rays, which 
can cause circuit upsets or burnouts. 
An upset can produce permanent effects 
in regenerative circuits by causing 
latch-up conditions or changes in logic 
states. 

VLSI multipliers fabricated with 3D 
technology have experienced no 
functional failures or latch-ups when 
subjected to 2.9 x 108 rads/sec of X­
ray upset. The high upset tolerance is 
again due to small geometries and fast 
recovery time constants inherent in the 
3D process. The resistance to latch-up 
is also due to the low inverse betas of 
the NPN and PNP transistors. 

The same VLSI multipliers that passed 
2.9 x 108 rads/sec were tested for X­
ray burnout with a dose of 1.3 x 1012 

rads/sec. There were no functional 
failures, latch-ups or burnouts in the 
samples. 

aluminum. This technique virtually 
eliminates electromigration, which .. ' 
causes voids or hillocks in 
metallization. Elimination of 
electro migration is achieved because 
titanium reduces residual silicon dioxide 
in the contact windows, providing 
improved ohmic contact and excellent 
mechanical adhesion. 
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Accurate Masks Lead to Reliable Devices 
The final physical layout of the chip is 
stored on magnetic tape and applied to 
a pattern generator which automatically 
draws the device on a glass reticle. 
Manual steps are eliminated, thus 
ensuring accurate masks for device 
production. The first output from the 
pattern generator is a glass reticle 
containing the layout of a single chip 
that is several times actual size. 

The reticle is accurately aligned and the 
image is reproduced repeatedly to 
produce the master mask. This mask is 
less susceptible to plate defects (small 
pinholes in chrome) than an actual size 
mask. Projection printing and wafer 
stepper aligners are used in the wafer 
fabrication process. In contrast with 
contact printing, projection masks have 
a longer useful lifetime because they 
encounter essentially no physical wear. 
On the other hand, most contact masks 
must be discarded after one hundred 
(or less) operations. Projection masks 
also provide better results than contact 
masks because minor defects are less 
likely to occur. 

Controlfing Production to Assure Re&ability 
Once the design is completed, 
fabrication of the VLSI die can begin. 
This involves tightly-controlled steps 
with appropriate levels of inspection, 
testing and screening. 

The fabrication process begins with a 
silicon wafer. Before any work is done 
on the wafer, it is inspected for visible 
surface defects. 

Next, the wafer's thickness, flatness 
and resistivity are measured. A thin 
wafer can be excessively brittle, 

whereas a thick wafer is more difficult 
to cut into individual dice. Flatness is 
important in obtaining an accurate 
projection of the artwork contained on 
the production masks. Resistivity 
affects the electrical parameters of the 
semiconductor devices on the wafer. 

After a blank wafer passes inspection, 
it is processed through many steps. 
These include diffusion, ion 
implantation, etching, coating with 
photoresist, metallization, etc. The 
masks are aligned within very tight 
tolerances to ensure proper registration 
between elements on each die. To 
protect the finished surface of the wafer 
against contaminants, silicon dioxide or 
nitride (glass passivation) is deposited 
over the entire wafer. Gold is then 
evaporated onto the back of the wafer 
to provide a good electrical contact to 
the substrate. The gold-silicon back 
contact not only provides good 
electrical contact to the substrate 
ground, it also simplifies later 
attachment of the VLSI die to its 
package and enhances thermal 
conduction. 

The next step involves computer­
controlled testing of each die on the 
wafer. Known as "die probe," this is 
an electrical function check for correct 
operation. If a die is found to be non­
functional, a drop of ink is 
automatically placed on it so it can be 
discarded after die separation. 

Figure 3 traces the path of each wafer 
as it passes through the assembly 
process that ends with a completely 
packaged device. Note that each 
production step has an inspection, 
screening or test function associated 
with it. 

Figure 3. Inspection, screening or testing (shown in grayl accompanies each assembly step to ensure 
the reliability of the finished device. 
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Controlled Assembly Steps 
The first step in the assembly process 
is die separation. This is accomplished 
with an automated diamond saw that 
slices the wafer. The saw technique 
produces a smoother edge and results 
in higher yields than other die 
separation methods. 

Now the dice are ready to be mounted 
within the device package. Each die is 
accurately positioned within the 
package and a gold-silicon solder 
preform is placed between the bottom 
of the die and the package. The 
combination is heated within very close 
temperature tolerances, attaching the 
die to the package. 

One of the checks 0:' the die-attach 
step is temperature calibration of the 
heating equipment, which is done every 
four hours. Another check is die shear 
testing of samples of attached die from 
each production lot, and is done to 
detect voids between the die and the 
package. 

After the die is attached to the 
package, 1.25mil wires are bonded 
from pads on the die to package pads 
that connect to the external pins of the 
device. To ensure reliable bonds, each 
bonding machine is monitored every 
four hours. 

To check the wire bonds, device 
samples are removed from each 
production lot and subjected to a wire­
bond pull test. This is accomplished by 
specialized equipment that pulls 
bonding wires until they separate from 
the die. Control charts are maintained 
to provide trend analysis. 

Inspection Enhances Product Qua6ty 
After wire bonding, the device goes 
through a pre-seal microscopic 
inspection to ensure that it is internally 
correct and that the workmanship meets 
all requirements. After passing this 
inspection, the package is sealed. In 
sealing, the package moves through a 
special furnace where a lid is attached 
to the package. 

The sealed package is then gross-leak 
tested to verify a good hermetic seal. 
Commercial parts receive complete 
electrical testing at 25°C and then are 
marked and packaged. 

For high reliability parts, military or 
customer-specified screens and other 
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tests are performed. These are followed 
by complete electrical testing over the 
recommended operating temperature 
range. Next, the devices are 
appropriately marked and packaged. 
Then data are reviewed for 
acceptability and if requested, a 
certificate of conformance is generated. 

Electrical testing of devices is 
performed on automated VLSI testers 
that are programmed to provide unique 
signal patterns for each of the VLSI 
circuits. A full-time programming staff 
is responsible for the maintenance of 
all test programs. 

Mil Spec Testing 
TRW LSI Products' high reliability 
devices are all produced in accordance 
with customer or military specifications 
and standards, notably MIL-STD-883, 
"Test Methods and Procedures for 
Microelectronics," and MIL-M-3851O, 
"General Specifications for 
Microcircuits.' , 

These military documents categorize 
microcircuits into two product 
assurance classes related to the 
reliability requirements of the 
application. Class S requirements are 
the most stringent because they cover 
critical applications and Class B 
requirements are intended for less 
critical applications and are the most 
widely used. 

MIL-STD-883 contains test methods 
and procedures for various electrical, 
mechanical and environmental tests as 
well as requirements for screening, 
qualification and quality conformance 
inspection. Table 2, taken from Method 
5004 of MIL-STD-883, lists the 100% 
screening tests required for these three 
devices. TRW LSI Products typically 
screens high reliability devices to the 
Class B requirements. 

Following device screening, samples 
are removed from the lot(s) as part of 
our ongoing Quality Conformance 
Inspection (QCI) program. This testing .,. 
is divided into four inspection groups: ~ 
A, B, C, and D. 

Group A electrical inspection involves 
dynamic, static, functional and 
switching tests at maximum, minimum 
and ambient operating temperatures. 
Sample sizes and specified tests depend 
on the product assurance class. 
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Assurance of the absence of lot-to-Iot 
fabrication related errors is covered by 
Group B inspection, which includes 
tests for marking permanency, internal 
visual and mechanical correctness, bond 
strength, and solderability. 

For the remaining two inspection 
groups, Group C is oriented toward die 
integrity and Group D covers package 
integrity. Among the Group C tests are 
steady state life, temperature cycling 
and constant acceleration. Group D 
includes lead integrity, hermeticity, and 
thermal and mechanical shock. 

The combination of these 100% and 
sample tests assures that all TRW LSI 
Products are capable of meeting their 
specified requirements, and that 
reliability will meet or exceed customer 
requirements. 

TRW LSI Products has received 
facilities certification from the Defense 
Electronics Supply Center of the 
Department of Defense. This 
certification is the first step in 
obtaining MIL-M-38510 QPL (JAN) 
approval for LSI Products devices 
(which is expected during 1985) and 
demonstrates TRW's commitment and 
capability to perform accurate testing. 

LSI Products Dlvlllon 
TRW Electronic Components Group 



Class S Class B 
Screen Method Requirement Method Requirement 

1. Wafer lot acceptance 5007 All lots 

2. Nondestructive bond pull 2023 100% 

3. Internal Visual 2010, condition A 100% 2010, condition B 100% 

4. Stabilization bake Ino end 100B, condition C Imin.!, 100% 100B, condition C Imin.l, 100% 
point measurement requiredl 24 hrs. min. 24 hrs. min. 

5. Temperature cycling 1010, condition C 100% 1010, condition C 100% 

6. Constant acceleration 2001, condition C Imin.l 100% 2001, condition E Imin.l 100% 
Yl orientation only Yl orientation only 

7. Visual inspection 100% 100% 

B. Seal 1014 100% 1014 100% 
al Fine 
bl Gross 

9. Particle impact noise detection IPINDI 2020, condition A or B 100% 

10. Interim Ipre·burn·inl electrical parameters Per applicable device 100% Per applicable device 
specification specification 

11. Burn·in test 1015·240 hrs. @ 100% 1015·160 hrs. @ 100% 
125°C min. 125°C min. 

12. Interim Ipost·burn·inl electrical parameters Per applicable device 100% 
specification 

13. Reverse bias burn·in 1015, condition A or C 100% 
72 hrs. @ 150°C min. 

14. Interim Ipost·burn·inl electrical parameters Per applicable device 100% Per applicable device 100% 
specification specification 
IRead and Recordl 

15. Percent defective allowable calculation 5% over subgroup 1 All lots 5% over subgroup 1 @ 25°C All lots 
3% functional parameters 
@ 25°C 

16. Seal 12 1014 100% 
al Fine 
bl Gross 

17. Final electrical test Per applicable device Per applicable device 
al Static tests specification 100% specification 100% 

11 25°C Isubgroup 1, Table 1, 50051 
21 Maximum 8 minimum rated 100% 100% 

operating temp 
Isubgroups 2, 3, Table 1, 50051 

bl Dynamic tests and switching test 25°C 100% 100% 
Isubgroups 4, 9, Table 1, 50051 

cl Functional tests 25°C 100% 100% 
Isubgroup 7, Table 1, 50051 

18. Radiographic 2012 two views 100% 

19. Qualification or quality conformance Sample Sample Sample 
inspection test sample selection 1 1 

20. External visual 2009 100% 100% 

Table 2. 100% Screening Tests IMethod 50041 

LSI Products Division 
TRW Electronic Components Group K9 
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Package Information 

LSI Products Division 

At TRW LSI Products, packaging is 
designed to meet the thermal, 
mechanical, and electrical needs of the 
circuit and the customer. TRW LSI 
Products offers a wide range of 
package designs to accommodate these 
requirements. The High ReI user has 
the option of 16-64 lead fully gold 
plated DIPs, flat packs and chip 
carriers. 

Two types of chip carriers are included 
within this wide variety of packages: 
contact (also known as terminal or 
leadless) chip carriers, and leaded chip 
carriers. TRW chip carriers and their 
equivalent DIP configurations are 
indicated below: 

Chip Carrier I/O 
Equivalent DIP 
Package 110 

68 Contact or Leaded 48 Lead, 64 Lead Top 
Chip Carrier Brazed DIP lalso 64 

Leaded Flatpackl 

44 Contact Chip Carrier 40 Lead DIP 

28 Contact Chip Carrier 24 or 28 Lead DIP 

20 Contact Chip Carrier 16 or 18 Lead DIP 

Contact chip carriers conform to the 
JEDEC type C outline with 0.050 inch 
contact spacing located on plane 1 (heat 
dissipating side only). The body 
construction consists of multilayer 
ceramic with a metallized seal ring for 
gold solder lid seal. Contact chip 
carriers are used for mother board 
leaded conversions of 
ceramic/compliant PCB attachments by 
means of surface solder mounting 
techniques. 

Leaded chip carriers are available in 
the 68 I/O configuration. The body is 
constructed identically to the 68 
Contact Chip Carrier, however the 
contacts are located on plane 2 (side 
opposite the heat dissipating side). Gold 
plated "Kovar" leads, (0.018 inch 
wide x 0.006-0.010 inch thick x 0.400 
inch long nominal) brazed to the 

TRW Electronic Components Group 

contacts complete the package. This 
type of chip carrier is used for surface 
and through hole PCB attachments, and 
when external heat sinks are required. 

There are three major advantages to 
using chip carriers over standard DIP 
packages. First and foremost is the 
economy of chip carrier size (see the 
chart below for approximate area 
differences in square inches). 

Chip Ratio: 
Carrier DIP CC to 

110 Count Areal Area 1 DIP 

68 0.903 2.560 0.353 

44 0.432 1.200 0.353 

28 0.203 0.840 0.242 

20 0.123 0.270 0.456 

1. Square Inches 

Secondly, chip carriers offer a 
reasonable size package for present and 
future high pin count circuits. For 
example, a 68 Contact Chip Carrier i~ 

only .965 inches per side and ()ccupie~ 
a 0.93 square inch area, which is 
approximately the equivalent of a 48 
Lead DIP (1.440 square inches). When 
considering the difficulties of handling 
and inserting a 48 Lead DIP into a 
PCB, the impracticality of a 68 Lead 
DIP (3.4 inches x 1.2 inches, if 
available) is evident. The third 
advantage is that chip carriers optimize 
electrical and thermal characteristics. 
Shorter leads of approximately equal 
length reduce lead resistance, 
inductance and capacitance. The longest 
trace on a 64 Lead DIP is almost eight 
times that of the longest trace on a 68 
Contact Chip Carrier. In addition, the 
thermal impedance characteristics of the 
chip carrier are approximately equal to 
those of a DIP. The leaded chip carrier 
also provides the external heat sink 
option, allowing the heat generated by 
the device to be dissipated through the 
PCB or to the surrounding 
environment. 

L 3 
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68 CONTACT CHIP CARRIER P~NE2-------.. ·~·~L~====~~J 
P~NE1--------~I-------------

D:}----PIN '----U · D 
VIEW TOWARDS -----INDEX VIEW TOWARDS 
P~NE 2 CORNER P~NE 1 

P~NE2~ I~------~ 
P~NE1~ 

68 LEADED CHIP CARRIER 

Chip carriers can typically reduce board space requirements as much as three to one over 
dual- in -line packages. 

Cerdip packages provide similar 
Product! Maximum mechanical, and identical electrical 

configurations as the dual-in-line Package Calculated 8 jc 
packages without the full gold solder MPY008HJ5 9.557°C/W 
seal and lead finish, making them more MPY008HC2 7.183 
economical. The body construction 

MPY08HUJ5 9.557 consists of two single layer ceramic 
pieces that "sandwich" an aluminized MPY012HJ1, C1, L1 5.877 

Kovar lead frame. The leads are matte MPY012HF1 3.631 

tin finished for easy solderability. MPY016HJ1, C1 7.908 
MPY016HF1 4.956 

Thermal considerations are important MPY016KJ1 6.753 
aspects of package design. Much 

MPYl12KJ4 10.438 computer modeling of die/package 
relationships is required to ensure the TDC100111002J8 22.869 
integrity of the products over all 

TDC1004J9 9.908 
temperature ranges. A list of thermal 
resistivity (8jc), which is material and TDC1005J9 12.544 
geometry dependent, is listed for all TDC1006J9 11.075 
products in Table I. This list reflects 
the relationship of the die and the TDC1007J1, C1 3.671 
package only. 8ja, a relationship TDC1008J4, C1 7.908 
between die, package and outside 

TDC1009J1, C1 5.428 environment, is dependent on the 
particular application. TDC101OJ1, C1 3.382 

TDC1011J7 15.297 
TDC1011B7 19.996 

Table 1 Continues on following page. 

LSI Products Division 
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LSI Products Division 

Productl Maximum Productl Maximum 
Package Calculated 8jc Package Calculated 8jc 

TDC1014J7 9.804 TDC1023J7 5.906 
TDC1014C3 6.335 TDC1025Cl, Ll 7.814 
TDC1014B7 13.130 

TDC1027J7 8.411 
TDC1016J7 13.985 TDC1027B7 11.411 
TDC1016J5 13.985 
TDC1016C2 10.781 TDC1028J4 5.142 
TDC1016B7 18.139 TDC1029J7 18.548 
TDC1018J7 20.140 TDC1030J6 10.740 
TDC1018B7 25.240 TDC1030C3 6.952 
TDC1018C3 11.897 TDC1030B6 14.289 
TDC1019Cl, Ll, Jl 3.404 TDC1043J3 11.364 
TDC1021J9 23.884 TDC1048J6 7.752 
TDC1022Jl 5.178 TDC1048C3 5.008 

TDC1048B6 10.566 

Table 1 

The following codes, one of which is stamped on the back of each TRW LSI 
device, identify the "country of origin" in which the device was manufactured. 

Code Country of Origin 

K Korea 
HK Hong Kong, BCC 

Philippines 
CP San Diego, CA, U.S.A. 
U.S.A. U.S.A. (used for JAN products onlyi 
SJ San Jose, CA, U.S.A. 
ES EI Segundo, CA, U.S.A. 

TRW Electronic Components Group L 5 
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J1 Package Dimensions 
64 Lead Hermetic Ceramic DIP Inches (Millmeters) 

Sym Min Max Nom ± Tol. 
A .206 (5.23) .267 (6.78) 

b .015 (0.38) .019 (0.48) 

bl .045 (1.14) .055 (1.40) 
c .009 (0.23) .012 (0.30) 

0 3.2OD ± .03D (81.28 ± 0.76) 

E .8OD ± .010 (20.32 ± 0.25) 

El .9OD ± .010 (22.86 ± 0.25) 
8 .1OD ± .005 (2.54 ± 0.13) 
L .125 (3.18) .160 (4.06) 
Q .070 (1.78) .085 (2.16) 

S .030 (0.76) .070 (1.78) 

a D° 15° 

Ref. 90XOO181 

64 33 

1 
E 

J 
32 
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J3 Package Dimensions 

64 Lead Hermetic Ceramic DIP Inches (Mil&meters) 
Sym Min Max Nom ± Tol. 
A .153 (3.89) .18S (4.72) 

b .015 (0.38) .019 10.48) 

bl .045 (1.14) .055 (1.40) 

c .009 (0.23) .012 (0.30) 

0 3.200 ± .030 (81.28 ± O.7S) 

E .800 ± .01 0 (20.32 ± 0.25) 

El .900 ± .010 (22.86 ± 0.25) 
e .100 ± .005 (2.54 ± 0.13) 

L .125 (3.18) .IS0 (4.0S) 
SEATING PLANE 

0 .070 (1.7B) .085 (2.16) 

S .030 (0.76) .070 (1.78) 

a 0° 15° 

Ref. 90X00181 

64 33 

SEATING PLANE 

.. 
LSI Products Division 
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J4 Package 
48 Lead Hermetic Ceramic DIP 

48 

PIN 1 IDENTIFIER 

Dimensions 

Sym 
A 

D 

Min 
.126 (3.201 
.016 (0.41) 
.045 (1.14) 
.009 (0.23) 

Inches (Milimeters) 
Max 

.166 (4.22) 

.020 (0.51) 

.055 (1.40) 

.012 (0.301 

Nom ± Tol. 

2.400 ± .024 (60.96 ± 0.61) 
.595 ± .010 (15.11 ± 0.25) 
.600 ± .010 (15.24 ± 0.25) 

L ____ r-~~mI-l--~~~+-~·I00~±~.0~05~(~2.~~±JO~.13~) 
Q 

S 

24 

J.~-r.-: ~SEA~TING~PLA~NE_ 

~l-c 
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J5 Package Dimensions 

40 Lead Hermetic Ceramic DIP Inches (Millimeters) 
Sym Min Max Nom ± Tol. 
A .126 (3.20) .166 (4.221 

b .016 (0.411 .020 (0.511 

b1 .035 (O.B91 .045 (1.141 

c .009 (0.231 .012 (0.301 

D 2.000 ± .020 (50.BO ± 0.511 

E .590 ± .010 (14.99 ± 0.251 

E1 .600 ± .010 (15.24 ± 0.251 

e .100 ± .005 (2.54 ± 0.131 

L .125 (3.181 .175 (4.451 

n .040 (1.02) .060 (1.521 

S .043 (1.091 .059 (1.50) 

Ref. 90X00181 

40 21 

1 
E 

J 
~ D ~ 
~ 
1~ 20 

PIN 1 IDENTIFIER 

I' 0 "1------'--------_t=:=1 
J~1-!~ mTlNGP~NE ~ 
~s ~~b ~~~ ~e~ ~~c 

.. 
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J6 Package Dimensions 
28 Lead Hermetic Ceramic DIP Inches (Mil&meters) 

Sym Min Mex Nom ± Tal. 
A .126 (3.20) .166 (4.22) 

b .016 (0.41) .020 (0.51) 

28 15 b1 .045 (1.14) .055 (1.40) 

1 
E 

c .009 (0.23) .012 (0.30) 

0 1.4ll0 ± .014 (35.56 ± 0.36) 

E .590 ± .010 (14.99 ± 0.25) 

E1 .600 ± .010 (15.24 ± 0.25) 

J 
a .100 ± .005 (2.54 ± 0.13) D.C. 
L .125 (3.18) .175 (4.45) 

n .D4ll (1.02) .060 (1.52) 

S .043 (1.09) .059 (1.50) 

PIN 1 IDENTIFIER 
14 

Ref. 90X00181 

LSI Products Division 
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J7 Package Dimensions 

24 Lead Hermetic Ceramic DIP Inches (Milimeters) 
Sym Min Max Nom ± Tal. 
A .126 (3.20) .166 (4.22) 

24 13 b .016 (0.41) .020 (0.51) 

:::>3 7-
:% 
~ % 

~ 
1 ""-

- - -
12 

1 
E 

J 
PIN 1 IDENTIFIER 

bl .035 (0.89) .045 (1.14) 

c .009 (0.23) .012 (0.30) 

D 1.200±.012 (30.48±0.30) 

E .5OO±.01D (14.99±0.25) 

E1 .600±.010 (15.24±0.25) 
a .loo±.0D5 (2.54±0.13) D.C. 
l .125 (3.18) .175 (4.45) 
Q .040 (1.02) .060 (1.52) 

S .043 (1.09) .057 (1.45) 

Ref. 90X00181 

.. 
LSI Products Division 
TRW Electronic Components Group L 11 



J8 Package Dimensions 

18 Lead Hermetic Ceramic DIP Inches (Milfimetersl 
Sym Min Max Nom ± Tol. 
A .110 (2.791 .150 (3.811 

18 10 b .016 (0.411 .020 (0.511 
b, .049 (1.241 .059 (1.501 
c .009 (0.231 .012 (0.30) 

0 .900 ± .010 (22.86 ± 0.251 
E .295 ± .008 (7.49 ± 0.201 

E, .300 ± .010 (7.62 ± 0.251 
e .100 ± .005 (2.54 ± 0.131 
L .125 (3.181 .170 (4.321 
Q .025 (0.641 .045 (1.141 

S .043 (1.091 .057 (1.451 

Ref. 90X00181 

SEATING PLANE 

LSI Products Division 
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J9 Package Dimensions 

16 Lead Hermetic Ceramic DIP Inches (Millimeters) 
Sym Min Max Nom ± Tol. 
A .110 (2.79) .150 (3.81) 

b .016 (0.41) .020 (0.51) 

bl .049 (1.24) .059 (1.50) 

c .009 (0.23) .012 (0.30) 

D .792 (20.12) .808 (20.52) 

E .295 ± .008 (7.50 ± .205) 

E, .300 ± .010 (7.62 ± 0.25) 
8 

PIN 1 IDENTIFIER 
a .100 ± .005 (2.54 ± 0.13) 

l .125 (3.18) .170 (4.32) 

0 .025 (0.64) .045 (1.14) 

S .043 (1.09) .057 (1.45) 

Ref. 90X00181 

LSI Products Division 
TRW Electronic Components Group L 13 



86 Package Dimensions 

28 Lead CERDIP Inches (Millimeters) 
Sym Min Max Nom±Tol. 
A .255 (5.72) 

b .014 (0.36) .023 (0.58) 

b1 .030 (0.76) .070 (1.78) 

28 15 c .008 (0.30) .015 (0.38) 

1 
0 1.465 ± .025 (37.21 ± 0.64) 

E .510 (12.95) .590 (14.99) 

E1 .600 ± .010 (15.24 ± 0.25) 
E e .100 ± .005 (2.54 ± 0.13) 

1 L .125 (3.18) .200 (5.08) 
Q .015 (0.38) .075 (1.91) 

S .098 (2.49) 

PIN 1 IDENTIFIER 14 O! 0° 15° 

Ref. 90X00181 

LSI Products Division 
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87 Package Dimensions 

24 Lead CERDIP Inches (Millimeters) 
Sym Min Max Nom ± Tol . 
A . 225 (5.72) 

b .014 (0.36) .023 (0.58) 

b1 .030 (0.76) .070 (1.78) 

24 13 c .008 (0.20) .015 (0.38) 

1 
E 

0 1.267 ± .023 (32.18 ± 0.58) 

E .510 (12.95) .610 (15.49) 

E1 .605 ± .015 (15.37 ± 0.38) 

e .100 ± .005 (2.54 ± 0.13) 

J 
L .125 (3.18) .200 (5.08) 
Q .015 (0.38) .075 (1.91) 

S .098 (2.49) 

12 
a 0° 15° 

PIN 1 IDENTIFIER Ref. 90X00181 

.. 
LSI Products Division 
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C1 Package Dimensions 

68 Contact Hermetic Ceramic Chip Carrier Inches IMilfimetersl 
Sym Min Max Nom ± Tol. 
A .082 (2.08) .100 (2.54) 
B, .020 (0.51) .030 (0.76) 

60 44 
/ " 61 ~ 

~ 
S ~ 

~ 

43 

D, .D70 (1.7B) .OBO (2.03) 

E .9525 ± .0125 (24.19 ± .31751 sq. 

e .050 ± .005 (1.27 ± 0.13) D.C. 
h .040 ± .005 (1.02 ± 0.13) 3 PLCS 

j .020 ± .005 (0.51 ± 0.13) 3 PLCS 

L .042 (1.07) .05B (1.47) 

L2 .080 (2.03) .090 (2.29) 

68 Ref. 90X00181 
E 1 

( 

~ V ( 

( 21 

t 10 26 

A II HHAHHHHHHHHHHHAHHII -r-t-
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C2 Package Dimensions 

44 Contact Hermetic Ceramic Chip Carrier Inches (Mil&meters) 
Sym Min Max Nom ± Tal. 

39 29 A .068 (1.73) .084 (2.13) 

B1 .020 (0.51) .030 (0.76) 

Dl .070 (1.78) .080 (2.03) 

E .652 ± .010 (16.56 ± 0.25) sq. 
28 

e .050 ± .005 (1.27 ± 0.13) D.C. 

h .040 ± .005 (1.02 ± 0.13) 3 PlCS 

j .020 ± .005 (0.51 ± 0.13) 3 PlCS 

L .042 (1.07) .058 (1.47) 

L2 .080 (2.03) .090 (2.29) 

Ref. 90X00181 

18 

17 

A II AHHHHHHHHHA II 

1 

I 

~ I 
~Dl----

.. 
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C3 Package 
28 Contact Hermetic 

L2 

A 

t 

L 18 

Ceramic Chip C ' arrler 
Dimensions 
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L1 Package 
68 Leaded Hermetic Ceramic Chip Carrier 

68 
1 

61 

9 

LSI Products Division 

60 

~ ITT 

...E 
F 

Oil! 

10 

TRW Electronic Components Group 

Dimensions 

Inches (Milimeters) 
Sym Min Max Nom ± Tol. 
A .082 (2.08) .100 (2.54) 

b .016 (0.41) .020 (0.51) 

c .008 (0.20) .012 (0.30) 

E .9525 ± .0125 (24.19 ± .3175) sq. 
e .050 ± .005 (1.27 ± 0.13) D.C. 

L .350 (8.89) .400 (10.16) 

Ref. 90X00181 

44 
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F1 Package Dimensions 

64 Leaded Hermetic Ceramic Flatpack Inches (Mil&meters) 
Sym Min Max Nom ± Tol. 
A .064 (1.63) .079 (2.01) 

b .016 (0.41) .020 (0.51) 

c .007 (0.18) .010 (0.25) 

E .900 ± .009 (22.86 ± 0.23) 

E2 .800 ± .008 (20.32 ± 0.20) 

e .050 ± .005 (1.27 ± 0.13) 

L .350 (8.89) .400 (10.16) 

Ref. 90X00181 

48 33 

49 r- IfT ITT h1 n 32 

1= =t 

1= =i 

I-rn 

64 L 

l~~ 
~ J.J. U 17 

II 
1 I I 16 

b~~ ~~e 
PIN 1 IDENTIFIER 
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N9 Package Dimensions 

16 Lead Plastic DIP Inchas (Mil&matars) 
Sym Min Max Nom ± Tol. 
A .149 (3.78) 

b .016 (0.41) .020 (0.51) 

b, .058 (1.47) .062 (1.57) 
c .011 (0.28) .013 (0.33) 

16 0 .757 ± .003 (19.23 ± 0.76) 

E .244 (6.20) .252 (6.40) 

E, .300 ± .005 (7.62 ± 0.13) 
8 .100 ± .005 (2.54 ± 0.13) 

L .125 (3.18) .130 (3.30) 

Q .011 (0.28) .013 (0.33) 

S .030 (0.76) 
B 

PIN 1 IDENTIFIER 
a 0° 16° 

Ref. 90X00181 

SEATING PLANE 

.. 
LSI Products Division 
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Glossary 

ACC Accumulate (ControQ 

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 
Ground reference point for analog 
power supply and analog circuitry. 

BW Full Power Bandwidth 

Bandwidth specified for a flash Analog­
to-Digital (AID) converter is different 
from the bandwidth specification given 
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 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 01 A converter, 

ALIASING 

AID INPUT 

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)' 

The test used to determine the 
bandwidth of an AID converter is the 
"Beat Frequency Test." The principle 
behind this test is to use "aliasing" to 
convert a high-frequency input signal to 
a low-frequency output signal which is 
easier to analyze. This is done by 
providing the 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 01 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 (01 A 
output) is examined on an oscilloscope 

AID SAMPLES 
1111111111111111111111111111111111111111111111111111 

DIA SAMPLES 

DIA OUTPUT 

Figure 1. Beat Frequency Test 

LSI Products Division 
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M4 

for spurious and 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 

SYNTHESIZER SYNTHESIZER 

REFERENCE 
f-- REFERENCE SIGNAL 

OUT IN OUT 

SIGNAL 
OUT 

CONV 

INPUT 

AID CONVERTER 

Figure 2. Beat Frequency Test Set-Up 

Figure 3, Spurious Code 

BWR Bandwidth, Reference 

BWR specifies the maximum frequency 
at which the reference (V REF) 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. 

C, Digital Input Capacitance 
The amount of capacitive loading 

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. 

PULSE GENERATOR 

0 I-- TRIGGER 
IN OSCILLOSCOPE 

OUT VIN 

+N 

C~ ~ OIA CONVERTER 
LOW PASS 
FILTER 

Figure 4_ AID Converter With Missing Codes 

present at a digital input. Digital input 
capacitance is measured with a 
capacitance bridge, applying a IMHz 
signal to the input. 

C'N Input Equivalent Capacitance 

CIN 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 
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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 (1) 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" (1]. Distortion-free processing of 
a color television signal demands that 

Figure 5. Modulated Ramp Test Signal 

TRW Electronic Components Group 

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 12]. 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 
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 131. 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 12]. 

----- 120 IRE UNITS 

...... -----100 

80 

RAMP IS NOT 
DEFINED IN 
THIS PERIOD 

--- -40 
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Figure 6. Differential Gain, Example Results 

FS 

Rgure 7. Differential Gain And Phase, Test Set·Up 

DGND Digital Ground 
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 superimposed" [11. 
Distortion-free processing of a color 
television signal demands that the phase 
of the chrominance signal not be 
affected by the luminance function. 

FS !IF REQUIRED) 

Differential phase errors appear on the 
T. V. screen as changes in the hue of 
the colors (tint) as the brightness 
changes. Differential ph~se te~ting i.s 
very similar to differential gam testmg. 
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. 
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Rgure B. 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 

TRW Electronic Components Group 

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 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 ELI)' 
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. 
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Differential Linearity Error Test Method CENTER OF CODE '" 

Find maximum value of: 
Iistep size - Isb widthll 
Divide above by Isb width 
Note: step size is not the same as the 
code size defined as Q. 

'" SECTION OF AID TRANSFER FUNCTION 

Figure 9. Differential Linearity Error 

% LSB DIFFERENTIAL NON·LlNEARITY 

Rgure 10. Differential Non·Linearity Measurement 

ELI 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 ramp test. A low­
frequency ramp is digitized by the AID 
converter, then the signal is 
reconstructed with a DIA 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 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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Rgure 11. AID Converter Transfer Function 

Figure 12. Subtractive Ramp Test Set·Up 

Figure 13. Subtractive Ramp, Example Results 
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Figure 14. Zero·Based linearity Measurement 

Rgure 15. Terminal-Based Linearity Measurement 

Rgure 16. Independent-Based Linearity Measurement 

ELI Integral Linearity Error (Terminal-Based) 
The maximum difference between the 
actual transfer characteristics of a 
converter and the straight line that 
passes through the end-points 
(terminals) of that data. 

EOB. EDT 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 

STRAIGHT LINE DRAWN 
TO MINIMIZE PEAK 
DEVIATION WHILE PASSINO 
THROUGH MIDPOINT 

\ STRAIGHT LINE DRAWN 
TO MINIMIZE PEAK 
DEVIATION 

ideal AID, the first transition occurs at 
a point 112 LSB more negative than the 
top of the range. Therefore, if the input 
voltage to the device is set 112 LSB 
closer to RB than zero, and VRT is 
adjusted to get toggling between codes 
o and 1, then the voltage on RT will 
be EOT' 

EOBS. 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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CONV>---------------------------~------------_+---------
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DIFFERENTIAL 
COMPARATORS 
(63) A,_ AZ = A/Z 

Figure 17. fi·Bit Flash AID Block Diagram 

Figure 18. 9-Bit Flash AID Block Diagram 
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AID SENSE OUTPUT 

>-----~. TO AID REFERENCE INPUT 

REFERENCE 
VOLTAGE 

Figure 19. Driving A Reference With The Sense Connection 

FS Maximum Sampling 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. 

FTC, FT 0, FT R Feedthrough ·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 
feed through refer to spurious output 
noise arising from logic transitions at 
the clock and data inputs. Reference 
feed through relates to output variation 
as a function of reference variation in a 
DI A converter when data inputs 
correspond to a zero output. 

GC 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 Glitch "Energy" (Area) 

The maximum product of the glitch 
voltage and the duration of the glitch; 
usually given in units of picoVolt­
seconds (pV-sec). Since glitches tend to 
be symmetric, the average glitch area is 
usually much less than the peak glitch 
area. 

GI Peak Glitch Current 
The transient current deviation from the 
ideal output current during an input 
code transition. 

Gv Peak Glitch Voltage 
The transient voltage deviation from the 
ideal output voltage during an input 
code transition. 

ICB 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 ISB' synchronous bias 
current; however, neglecting all of 
these second order effects, the current 
drawn by the input of the AID is ICB' 
This can be thought of as the sum of 
the comparator input bias currents 
which is dependent upon the input 
voltage level. 

ICC Supply Current 1 

ICC is the current drawn by the device 
from the V CC supply. ICC is a 
positive valued parameter. ICC 
decreases with increasing temperatures 
in bipolar devices and is measured with 
V CC at the maximum rated value. 

IDOL 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 
IDDU for CMOS supply current under 
different measurement conditions.) 

1000 Ouiescent 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 

Note: 1. All currents are defined as positive when flowing into the device. 
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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. ) 

lDDU 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 "0" or "1" 
state, and the current drawn during a 
gate transition. An increase in average 
gate switching frequency will lead to an 
increase in current. (See IDDQ and 
IDDL for CMOS supply current under 
different measurement conditions.) 

lEE Supply Current 1 

lEE is the current drawn by the device 
from the VEE supply. Since lEE is 
referenced to a negative supply, it is a 
negative valued parameter (current 
flows out of the device). In TRW 
bipolar devices, lEE decreases with 
increasing temperatures and is 
measured with the maximum (most 
negative) rated VEE' 

II Input Current, Maximum Input Voltage 1 

Current flowing into a digital input 
under worst-case power supply and 
input voltage conditions. 

IIH Input current, Logic HIGH 1 

IIH is the current drawn by a digital 
input to the device when the potential 
of the terminal is in the logic HIGH 
state. 

IlL Input Current, Logic LOW 1 

IlL is the current drawn by a digital 
input to the device when the potential 
of the terminal is in the logic LOW 
state. 

10F Output Offset Current 1 

The residual output current of a DI A 
converter that flows when all internal 
current sinks are switched off. 

10H 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. 

10L Output Current, Logic LOW 1 

IOL 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. 

ION Maximum Current, . Output 1 

The maximum current that flows into 
the "OUT-" output of a D/A 
converter. 

lOp Maximum Current, + Output 1 

The maximum current that flows into 
the "OUT+" output of a D/A 
converter. 

lOS· 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. 

ISB 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 (CONV 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 DI A 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: (4). To test NPR, the input of 

Note: 1. All currents are defined as positive when flowing into the device. 
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the AID converter is presented with 
white noise having a frequency 
spectrum from low frequencies up to 
1/2 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 DI A. The 
DI A 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 10g1O(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 (Control) 
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. 

PSS Power Supply Sensitivity 

A measure of DC variation of an 
output under consideration (e.g., the 
analog output of a DI A converter) as 
the power supply voltage is varied 
around the nominal value. PSS is 
specified in milliAmps or milliVolts 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 DI A 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. 

D. 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 l~vels or codes output by a 
converter a2~) with N being the 
number of),lts of resolution provided 
by the AID. 

RES Resolution 

The smallest level separation (input 
level of AIDs 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. 

RIN Analog Input Impedance 
Although the input impedance of a 
flash AID converter is largely 
capacitive, it does have a resistive 
component which is approximated with 
RIN 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 and 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 RB' Another 
method of testing RREF is to calculate 
it from IREF and (VRT - VRB)' 

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. 

SNR Signal·Yo-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 
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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 = 2010gIO 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. 

T C Case Temperature 
For extended temperature range 
devices, the temperature range is 
specified in terms of the case 
temperature. 

TC Two's Complement (General Definition) 

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 
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and all ZEROs is the most negative 
number. 

TC Two's Complement (Control) 

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 Tampco 
The factor which linearly approximates 
the variation with temperature of 
Absolute Gain Error, EG' 

T CO Temperature Coefficient 

T CO is the factor w~ic? line~rly 
approximates the varIation with 
temperature of Offset Errors (EOT, 
EOB)' This is a first order 
approximation and the actual 
temperature coefficient is a function of 
temperature which may exceed the 
maximum of T CO in some temperature 
ranges. 

tD 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. 
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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 1.3 Volt level of the 
rising edge of the CONY signal to the 
1.3 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 F S 
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 I. 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. 

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 
product clock when PREL is active. 

tSTO Samp6ng 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. 

tTR 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. 

VCC 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 
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negative supplies, the analog supply is 
denoted VEEA, and the digital supply 
is VEED. 

VICM Input Voltage, Common Mode Range 
The operational limit over which a 
differential logic input voltage may be 
varied. 

VIDF Input Voltage, Differential 
The voltage difference between a logic 
input and its complementary input. 

VIH 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. 

VIL 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. 

VOCN Voltage Comp6ance, . Output 
A measure of the range over which the 
output voltage of a current generator 
may be varied. V OCN is the voltage 
compliance of the - output of a Df A 
converter. 

VOCP Voltage Compliance, + Output 
VOCP is the voltage compliance of the 
+ output of a Df A converter. See 
VOCN' 

VOH 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. VOH is 
measured with V CC at a minimum. 

VOL 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 Df A 
converter that appears at its output 
when all internal current sinks are 
switched off. 

VRB Reference Bottom Voltage 
The potential of the RB terminal with 
respect to analog ground. 

TRW Electronic Components Group 

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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Ordering Information 

LSI Products Division 

For Special Assistance 
Call The TRW Sales 
Office Nearest You: 

North American Sales Offices 

Alabama. TRW ECG 
Huntsville 
Arizona. TRW ECG 
Scottsdale 
S. California. TRW ECG 
Los Angeles 
Woodland Hills 
Santa Ana 
San Diego 
N. California. Straube Assoc. 
Mountain View 
Colorado. Straube Assoc. 
Westminster 
Connecticut. TRW ECG 
Rowayton 
Florida. TRW ECG 
Ft. Lauderdale 
Orlando 
Georgia. TRW ECG 
Norcross 
Illinois. TRW ECG 
Chicago 
Indiana. R.O. Whitesell 
Ft. Wayne 
Indianapolis 
Kokomo 
Iowa. C.H. Horn 
Cedar Rapids 
Kansas. Midtec Assoc. 
Desoto 
Kentucky. R.O. Whitesell 
Louisville 
Maryland. TRW ECG 
Columbia 
Massachusetts. TRW ECG 
Westborough 
Massachusetts. Byrne Assoc. 
Maynard 
Michigan. R.O. Whitesell 
Southfield 
St. Joseph 
Grand Rapids 
Minnesota. TRW ECG 
Minneapolis 
Missouri. J.G. Macke CD. 
St. Louis 
New Mexico. SW Sales 
Albuquerque 
New York. TRW ECG 
Fairport 
Metro 
North Carolina. TRW ECG 
Greensboro 
Ohio. R.O. Whitesell 
Cincinnati 
Cleveland 

TRW Electronic Components Group 

12051 533·7600 

16021 994·0441 

12131 535·6178 
18181 703·1771 
17141550·1101 
16191 279·3990 

14151 969·6060 

13031 426·0890 

12031 853-4466 

13051 772·3000 
13051 857-3650 

14041 447-6154 

13121 693·7730 

12191 432·5591 
13171 359·9283 
13171 457-9127 

13191 393·8703 

19131 441·6565 

15021 426-7696 

13011964·9110 

16171 870·0745 

16171 897-3131 

13131 559-5454 
16161 983-7337 
16161 942·5420 

16121 854·6616 

13141 432·2830 

15051 883·1388 

(7161 425·3775 
12031 853·4466 

19191 852·4676 

15131 521·2290 
12161 447·9020 

Columbus 16141 888·9396 
Dayton 15131 298·9546 
Oregon. TRW ECG 
Tigard 15031 620·5032 
E. Pennsylvania. TRW ECG 
Bala Cynwyd 12151 667·3400 
W. Pennsylvania. R.O. Whitesell 
Pittsburgh 14121 963-6161 
Puerto Rico. Electronic Sales Assoc. 
Rio Piedras 18091 769·2911 
Tennessee. R.O. Whitesell 
Knoxville 16151 694·9476 
Texas Technology Sales CD. 
Austin 15121 345·2331 
Texas. TRW ECG 
Dallas 12141 248·8000 
Houston (7131 772-5541 
Texas. SW Sales 
EI Paso 19151 594·8259 
Utah. Straube Assoc. 
Salt Lake City 18011 263-2640 
Virginia. TRW ECG 
Richmond 18041 288·8334 
Washington. TRW ECG 
Bellevue 12061 641·9996 
Wisconsin. TRW ECG 
Brookfield 14141 784·7773 
Canada. Renmark Electronic Mkt. 
Carleton Place 16131 257-1490 
Toronto 14161 494·5445 

All of our franchised distributors are stocking locations 
for TRW LSI Products. 

International Distributors and Representatives 

Australia. Total Electronics 
Burwood, Victoria 
Austria. Transistor Vertriebs GmbH 
Wien 
Brazil. TRW Mialbras. S.A. 
Sao Paulo 

1031 679306 

12221 829401·0 

2409211 
Denmark. AiS Nordisk Elektronik 
Herlev 1021 842000 
Eire and Northern Ireland. Neltronic Ltd. 
Dublin 10011 501845 
Finland. OY Fintronic AB 
Helsinki 
France. Radio Equipements·Antares 
Paris 
France. RTF 

1901 692·6022 

1011 751·08·06 

Paris 1011 6641101 
Germany. TRW Elek Bauelemente Vertriebs GmbH 
Muenchen 10891 7103·0 
Germany. Jermyn GmbH 
Bad Camberg 
Duesseldorf 
Hamburg 
Herrenberg 
Heimstetten 

1064341 23·0 
102111 203094 
10401 5224087 
1070321 20301 
10891 9032001 
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Hong Kong, Tektron Electronics Arizona 
Kowloon 3-856199 Arrow Electronics 
India, Arrow Electronics International 2127 West 5th Place 16021 968-4800 
Bangalore 812-566125 Tempe, A1 85281 
Italy, Exhibo Italiana S.P.A. Hall-Mark Electronics 
Monza 10391 360021 4040 E. Raymond 16021 437·1200 
Japan, Nihon Teksel Co. Ltd. Phoenix, A1 85040 

Tokyo 1031 461-5121 Hamihon/Avnet 

Korea, Tess-Ko 505 S. Madison Drive 16021 231-5142 

Seoul 1021 754-2454 Tempe, A1 85281 

Netherlands, Koning en Hartman Elek B.V. California 
Delft 10151 609906 Arrow Electronics 
New Zealand, AWA 19748 Dearborn Street 18181 701-7500 
Porirua 644375069 Chatsworth, CA 91311 

Norway, Nordisk Elektronik Norge AlS 30941 San Clemente Street 14151 487-4300 
Hvalstad 1021 846210 Hayward, CA 94544 

Singapore, Seamax Engineering Private Ltd. 1808 Tribute Road HC 19161 925-7456 
Singapore 65-747-6155 Sacramento, CA 95815 

Spain, Unitronics S.A. 9511 Ridgehaven Court 16191 565-4800 
Madrid 111 2425204 San Diego, CA 92123 

Sweden, Nordisk Elektronik AB 521 Weddel Drive 14081 745-6600 
Solna 1081 4687349770 Sunnyvale, CA 94086 

Switzerland, Baerlocher AG 2961 Dow Avenue 17141 838-5422 
Zurich 1011 429900 Tustin, CA 92680 

Taiwan, Sea Union Eng. Hal~Mark Electronics 
Taipei 751·2062 8130 Remmet Avenue 18181 716-7300 

United Kingdom, Hi-Tek Distribution, Ltd. Canoga Park, CA 91304 

Cambridge 102231 213333 6341 Auburn Blvd. 19161 722-8600 

Other Foreign Sales Offices not listed Suite D 

U.S. 16191 224-3291 Citrus Heights, CA 95610 

Europe 10891 7103-0 2221 E. Rosecrans Avenue 12131 643-9101 
Suite 104 
EI Segundo, CA 90245 

TRW ECG European Marketing and Sales 3878 Ruffin Road, Unit lOB 16191 268-1201 
San Diego, CA 92123 

Northern Region (U.K., Eire, Sweden, Norway, 1110 Ringwood Court 14081 946-0900 

Denmark, Finland) San Jose, CA 95131 

Bedford, United Kingdom 102341 217711 14831 Franklin Avenue 17141 669-4700 

Central Region tw. Germany, Austria, Netherlands, Tustin, CA 92680 

Switzerland) Avnet Inc. 
Lemgo, West Germany 1052611 12992 20501 Plummer Street 18181 700-8666 
Maassluis, West Germany 118991 20921 Chatsworth, CA 91311 
Munich, West Germany 10891 71030 350 McCormick 17141 754-6111 
Sindelfingen, West Germany 1070311 33011 Costa Mesa, CA 92626 

Southern Region (France, Italy, Belgium, Spain, HamihonlAvnet 
PortugaO 3002 E. "G" Street 17141 989-8801 
Paris, France 1011 7510806 Ontario, CA 91764 

4103 Northgate Blvd. 19161 925-2216 
Sacramento, CA 95834 

TRW LSI Products are available off the shelf 4545 Viewridge Avenue 16191 571-7523 

from the following distributors: San Diego, CA 92123 
1175 Bordeaux Drive 14081 743-3300 

Alabama Sunnyvale, CA 94089 
Arrow Electronics Hamihon Electro Sales 
3611 Memorial Pkwy South 12051 882-2730 9650 De Soto Avenue 18181 700-6501 
Huntsville, AL 35801 Chatsworth, CA 91311 
Hal~Mark Electronics 3170 Pullman Street 17141 641-1410 
4900 Bradford Drive 12051 837-8700 Costa Mesa, CA 92626 
Huntsville, AL 35807 10950 W. Washington Blvd. 12131 558-2000 
HBmihonlAvnet Culver City, CA 90230 
4940 Research Drive 12051 837-7210 
Huntsville, AL 35805 
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Colorado Hall·Mark Elactronics 
Arrow Electronics 1177 Industrial Drive 13121 860·3800 
1390 S. Potomac Street 13031 696·1111 Bensenville, IL 60106 
Aurora, CO 80012 HamiltonlAvnet 
Hall·Mark Electronics 1130 Thorndale Avenue 13121 860·7780 
6950 S. Tucson Way 13031 790·1662 Bensenville, IL 60106 
Englewood CO 80112 Indiana 
HamiltonlAvnet Arrow Electronics 
8765 E. Orchard Road 13031 740·1018 2718 Rand Road 13171 243-9353 
Suite 708 
Englewood, CO 80111 

Indianapolis, IN 46241 
Hamiltonl Avnet 

Connecticut 485 North Grandle Drive 13171 844·9333 
Arrow Electronics Camel, IN 46032 
12 Beaumont Road 12031 265·7741 
Wallingford, CT 06492 

Iowa 
Arrow Electronics 

Hall·Mark Electronics 375 Collins Road N.E. 13191 395·7230 
33 Village Lane 12031 269·0100 
Wallingford, CT 06492 

Cedar Rapids, IA 52402 

Hamilton/Avnet 
Hamilton/Avnet 
915 33rd Avenue S.w. 13191 362·4757 

Commerce Industrial Park 12031 797-2800 
Commerce Drive 

Cedar Rapids, IA 52404 

Danbury, CT 06810 Kansas 
Hall·Mark Electronics 

Florida 
Arrow Electronics 

10815 Lakeview Drive 19131 888·4747 

4902 Creekside Drive 18131 576·8995 
Lenexa, KS 66219 

Suite A 
HamiltonlAvnet 

Clearwater, FL 33420 
9219 Quivira Road 19131 541·7922 

1001 N. W. 62nd Street 13051 776·7790 
Overland Park, KS 66215 

Suite 108 Maryland 
Ft. Lauderdale, FL 33309 Arrow Electronics 

1530 Bottlebrush N.E. 13051 725·1480 6610 Rockledge Drive 13011 564·3000 

Palm Bay, FL 32905 Suite 100 

Hal~Mark Electronics 
Bethesda, MD 20817 

15301 Roosevelt Blvd. #303 18131 530·4543 8300 Guildford Road 13011 955·0003 

Clearwater, FL 33520 Suite H 

7648 Southland Blvd. 13011 855·4020 
Columbia, MD 21046 

Suite 100 Hall·Mark Electronics 

Orlando, FL 32809 10240 Old Columbia Road 13011 988·9800 

3161 S.w. 15th Street 13051 971·9280 
Columbia, MD 21046 

Pompano Beach, FL 33069·4806 Hamilton/Avnet 

HamiltonlAvnet 
6822 Oak Hall Lane 13011 995·3523 

6801 N.w. 15th Way 13051 944·2060 
Columbia, MD 21045 

Fort Lauderdale, FL 33309 Massachusetts 

3197 Tech Drive North 18131 576·3930 Arrow Electronics 

St. Petersburg, FL 33702 Arrow Drive 16171 933·8130 

6947 University Blvd. 13051 628·3888 
Woburn, MA 01801 

Winter Park, FL 32792 Hall·Mark Electronics 
6 Cook Street 16171 667-0902 

Georgia Pinehurst Park 
Arrow Electronics Billerica, MA 01821 
3155 Northwoods Pkwy 14041 449·8252 
Suite A 

Hamiltonl Avnet 

Norcross, GA 30071 
50 Tower Office Park 16171 273·7500 
Woburn, MA 01801 

Hall·Mark Electronics 
6410 Atlantic Blvd 14041 447·8000 Michigan 

Suite 115 Arrow Electronics 

Norcross, GA 30071 3810 Varsity Drive 13131 971·8220 

HamiltonlAvnet 
Ann Arbor, MI 48104 

58250 PeachTree Corners E. 14041 447-7500 3510 Roger Chaffee Blvd. S.E. 16161 243·0912 

Norcross, GA 30092 Grand Rapids, MI 49508 

Illinois 
HamiltonlAvnet 

Arrow Electronics 
2215 29th Street S.E. 16161 243·8805 

2000 Algonquin Road 13121 397·3440 
Space A·5 Ell Schaumburg, IL 60195 
Grand Rapids, MI 49508 
32487 Schoolcraft Road 13131 522·4700 
Livonia, MI 48150 
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Minnesota Hal~Mark Electronics 
Arrow Electronics Building #4, Unit lA2 15161 737-0600 
5230 73rd Street 16121 830-1800 One Conac Loop 
Edina, MN 55435 Ronkonkoma, NY 11779 
Hall-Mark Electronics Hamilton/Avnet 
7838 12th Avenue South 16121 854-3223 16 Corporate Circle 13151 437-2641 
Bloomington, MN 55420 East Syracuse, NY 13057 
Hamilton/Avnet 933 Motor Parkway 15161 231-9800 
10300 Bren Road East 16121 932-0600 Hauppauge, NY 11788 
Minnetonka, MN 55343 333 Metro Pa rk 17161 475-9140 
Missouri Rochester, NY 14623 
Arrow Electronics North Carolina 
2380 Schuetz Road 13141 567-6888 Arrow Electronics 
St. Louis, MO 63146 5240 Greens Dairy Road 19191 876-3132 
Hall·Mark Elactronics Raleigh, NC 27601 
13750 Shoreline Drive 13141 291-5350 938 Burke Street 19191 725·8711 
Earth City, MO 63045 Winston-Salem, NC 27101 
Hamilton/Avnet Hall·Mark Eloctronics 
13743 Shoreline Court East 13141 344-1200 5237 North Boulevard 19191 872-0712 
Earth City, MO 63045 Raleigh, NC 27604 
New Hampshire Hamilton/Avnet 
Arrow Electronics 3510 Spring Forest Road 19191 878-0810 
1 Perimeter Road 16031 668·6968 Raleigh, NC 27604 
Manchester, NH 03103 Ohio 
Hamilton/Avnet Arrow Electronics 
444 E. Industrial Park Drive 16031 624-9400 7620 McEwen Road 15131 435-5563 
Manchester, NH 03103 Centerville, OH 45459 
New Jersey 6238 Cochran Road 12161 248-3990 
Arrow Electronics Solon, OH 44139 
2 Industrial Road 12011 575-5300 Hall·Mark Electronics 
Fairfield, NJ 07006 4460 Lake Forest Drive 15131 563-5980 
6000 Lincoln Drive East 16091 596-8000 Suite 202 
Marlton, NJ 08053 Cincinnati, OH 45242 
Hall·Mark Electronics 5821 Harper Road 12161 349-4632 
2091 Springdale Road 16091 424-7300 Solon, OH 44139 
Cherry Hill, NJ 08003 6130 Sunbury Road, Suite B 16141 891-4555 
107 Fairfield Road 12011 575-4415 Westerville, OH 43081 
Fairfield, NJ 07006 Hamilton/Avnet 
Hamilton/Avnet 4588 Emery Industrial Pkwy 12161 831-3500 
1 Keystone Avenue 16091 424-0100 Cleveland, OH 44128 
Building #36 954 Senate Drive 15131 439-6700 
Cherry Hill, NJ 08003 Dayton, OH 45459 
10 Industrial Road 12011 575-3390 777 Brooksedge Blvd. 16141 882-7004 
Fairfield, NJ 07006 Westerville, OH 43081 

New Mexico Oklahoma 
Arrow Electronics Arrow Electronics 
2460 Alamo Avenue S.E. 15051 243-4566 4719 South Memorial Drive 19181 665-7700 
Albuquerque, NM 87106 Tulsa, OK 74145 
Hamilton/Avnet Hall·Mark Electronics 
2524 Baylor S.E. 15051 765-1500 5460 S. 103 E. Avenue 19181 665·3200 
Albuquerque, NM 87106 Tulsa, OK 74145 

New York Oregon 
Arrow Electronics Arrow Electronics 
155 Sherwood Avenue 15161 293-6363 10160 S.w. Nimbus Avenue 15031 684-1690 
Farmingdale, NY 11735 Suite M3 
20 Oser Avenue 15161 231-1000 Tigard, DR 97223 
Hauppauge, NY 11788 Hamilton/Avnet 
7705 Maltlage Drive 13151 652-1000 6024 SW Jean Road (5031 635-8157 
Liverpool, NY 13088 Building C, Suite 10 
25 Hub Drive 15161 694-6800 Lake Oswego, OR 97034 
Melville, NY 11747 
3375 Brigton-Henritta Town Line Road (7161 427-0300 
Rochester, NY 14623 
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Pennsylvania Hamilton/Avnet 
Arrow Electronics 1585 West 2100 South 18011 972-2800 
650 Seco Road 14121 856·7000 Salt Lake City, UT 84119 
Monroeville, PA 15146 Virginia 
Hamilton/Avnet Arrow Electronics 
2800 Libeny Avenue 14121 281-4150 8002 Discovery Drive 18041 282·0413 
Building E Richmond, VA 23288 
Pinsburgh, PA 15222 

Washington 
Texas Arrow Electronics 
Arrow Electronics 14320 N.E. 21st Street 12061 642-4800 
10125 Metropolitan Drive 15121 835-4180 Bellevue, WA 98007 
Austin, TX 78758 Hamilton/Avnet 
3220 Commander Drive 12141 380·6464 14212 N.E, 21st Street 12061 643·3950 
Carrollton, TX 75006 Bellevue, WA 98007 
10899 Kinghurst Drive 17131 530·4700 

Wisconsin Suite 100 
Arrow Electronics Houston, TX 77099 
430 W, Rawson Avenue 14141 764·6600 

Hal~Mark Electronics Oak Creek, WI 53154 
12211 Technology Blvd, 15121 258·8848 

Hal~Mark Electronics Austin, TX 78727 
16255 Lincoln West Avenue 14141 797·7844 

11333 Pagemill Road 12141 343-5000 New Berlin, WI 53151 
Dallas, TX 75243 

Hamilton/Avnet 
8000 Westglen 17131 781·6100 2975 Moorland Road 14141 784-4510 
Houston, TX 77063 New Berlin, WI 53151 
Hamilton/Avnet 

Canada 2401 Rutland Drive 15121 837·8911 
HamiltonJAvnet Austin, TX 78758 
105·2550 Boundary Road 16041 437·6667 8750 Westpark Drive 17131 780·1771 Burnaby, B,C, V5M 313 

Houston, TX 77063 
2816 21st N,E, 14031 230·3586 2111 West Walnut Hill Lane 12141 659·4100 Calgary, Alberta Irving, TX 75062 
Canada, T2E 6Z2 

Utah 6845 Rexwood Road, Units 3·5 14161 677-7432 
Arrow Electronics Mississaugua, Ontario 
4980 Amelia Earhan Drive 18011 539·1135 Canada, L4V 1R2 
Salt Lake City, UT 84116 210 Colonnade Road 16131 226·1700 
Hal~Mark Electronics Nepean, Ontario 
302 West 5400 South 18011 268·3779 Canada, K2E 7L5 
Suite 109 2670 Sabourin Street 15141 331·6443 
Murray, UT 84107 St. Laurent, Montreal 

Quebec, Can, H4S 1 M2 
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Application Notes 

lSI Products Division 

TP·l "Multiplier· Accumulator Application 
Notes" by L. Schirm IV. 
Covers the use of multiplier­
accumulators including an explanation 
of the clock, input and output controls. 
Other discussions include: larger word 
accumulations, multiplication plus a 
constant, operation with 
microprocessors, digital filters and 
complex multiplication. 

Tp·2 "Monolithic Bipolar Circuits for Video 
Speed Data Conversion" by W. Bucklen. 
Describes the "flash" AID converter, 
TDCI007J, and the TDC1016J, DIA 
converter. Also included are 
approaches for extending the 
performance of the TDCI007J. 

Tp·4 "Digital Signal Processing for Radar 
Systems" by W. Finn. 
Describes how VLSI multipliers and 
multiplier-accumulators can be used in 
a radar signal processor to achieve data 
rate reduction, by means of predictive 
mechanization; pulse compression, 
utilizing an FIR matched filter; 
maximum computational capabilities, 
via pipelining; and high-speed 
convolution, using 2-point DFTs and a 
complete FFT processor. 

Tp·5 "An lSI Approach to Digital Signal 
Processing Enhances Telemetry Systems" by 
W. Finn. 
All aspects of Telemetry have one thing 
in common: an increasing need for 
high-speed digital signal processing. 
The impact of large scale integrated 
(LSI) circuitry on telemetry systems is 
a topic of increasing importance. 
Dependency of real-time digital signal 
processors on LSI circuitry is largely 
due to the advantages they afford: 
smaller size, faster speed, lower power 
consumption, more reliability and less 
cost. These advantages are over and 
above those which can be achieved by 
SSI, MIS, or even analog circuitry. 

TP·6 "Introduction to the Z·Transform and its 
Derivation" by R. Karwoski. 
A tutorial discussion of LaPlace and 
Z-transforms and their use in sampled 
data systems. Application of the 
Z-transform to filter synthesis is also 
treated. 
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Tp·7A "Hardware Development for a General 
Purpose Digital Filter Computing Machine" by 
R. Karwoski. 
This paper describes the hardware for a 
flexible, fast, digital filter computing 
machine that can be easily 
programmed. Emphasis is on real-time 
signal processing, particularly in the 
area of digital filtering. 

Tp·8 "Second Order Recursive Digital Filter 
Design with the TRW Multiplier·Accumulators" 
by R. Karwoski. 
Develops the fundamental concepts for 
second order recursive digital filters 
and describes some efficient hardware 
implementations using the TDC1010J 
multiplier-accumulator. 

TP·9 "A Four·Cycle Butterfly Arithmetic 
Architecture" by R. Karwoski. 
Explains the background of the FFT 
and the computational element called 
the butterfly. A block diagram of the 
FFT processor is presented and the 
DAU (Data Arithmetic Unit) 
architecture is described in detail. The 
text's description of the four FFT 
instructions is supplemented by 
computational diagram, block diagrams, 
a data flowchart and a timing diagram. 

TP·l0 "An Introduction to Digital Spectrum 
Analysis Including a High·Speed FFT Processor 
Design" by R. Karwoski. 
Develops the DFT using well-known 
continuous Fourier Transform and 
series concepts. Common spectrum 
analysis terms are defined with respect 
to the DFT, and the decimation in time 
FFT is derived in detail. Describes the 
design of a high-speed FFT processor, 
particularly the architecture and address 
generation. Also included is an 
explanation of the use of bit-slice 
microprocessors as FFT sequencers. 

Tp·16 "An lSI Digital Signal Processor for 
Airborne Applications" by L. Schirm IV. 
Discusses the background of digital 
signal processing with emphasis on 
radar processors. Described is a digital 
signal processing board, employing a 
multiplier-accumulator IC, which 
includes the basic processor, address 
generators, controller and system 
interface. 
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Tp·17 "Correlation-A Powerful Technique for 
Digital Signal Processing" by 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 new 
VLSI chip from TRW LSI Products has 
changed this; now correlation can be 
performed efficiently with a minimum 
number of components. 

TP·18 "LSI Multipliers Application Notes." 
Describes larger and smaller word 
multiplication, higher speed 
multiplication and division using 
multiplication. 

TP·19 "Non-Unear AID Conversion" by B. 
Friend. 
Describes the quantization process 
necessary to produce a non-linear 
transfer function. TRW LSI Products 
offers AID converters which can be 
used in place of more expensive or 
impractical methods to achieve this 
result with a minimum of cost and 
effort. 

A discussion of a typical TRW AID 
converter includes information on the 
internal circuitry of the device and 
provides diagrams of circuit 
modifications to use with the AID 
converter to improve performance. 

TP·22 "A Guide to the Use of the TDC1028; 
a Digital Filter Building Block" by F. Williams. 
Discusses word and length sizing of 
Finite Impulse Response (FIR) digital 
filters, and implementation of filters 
with different lengths and word sizes. 
A circuit to autoload coefficients in 
stand-alone applications is also 
provided. 

Tp·23 "A 22·Bit Floating Point Registered 
Arithmetic Logic Unit" by J. Eldon. 
Introduces the TDC 1022, a registered 
arithmetic logic unit (RALU), built 
with TRW's dual layer metal, one 
micron bipolar frrocess 
(OMICRON-B M). Emphasis is on 
RALU architecture, and the instruction 
microcode. Block diagrams and ALU 
function control chart are provided. 

TP·24 "A Single Board Floating Point Signal 
Processor" by G. Winter and B. Yamashita. 
Floating point arithmetic offers many 
advantages to the field of digital signal 
processing (DSP). This article describes 
the realization of a Finite Impulse 
Response (FIR) filter using a family of 
floating point devices; the TDCI022 
Floating Point Adder, the TDCI033 
Floating Point Registered ALU, and the 
TDCI042 Floating Point Multiplier. 

TP·25 "Roating Point Hardware for Digital 
Signal Processing" by J. Haight. 
Recent advances in VLSI circuitry 
make high-speed digital signal 
processing (DSP) with wide dynamic 
range possible without significant 
penalties in cost or hardware overhead. 
The architectures of the TDC 1022, 
TDC1033 and TDCI042 are discussed, 
as well as their applications in some 
designs. 

Tp·26 "Roating Point. the Second Generation 
for Digital Signal Processing" by J. Haight. 
High-speed digital signal processing 
(DSP) has recently progressed to a 
widely used real or near real-time field. 
Today, a new generation of 22-bit 
floating point integrated circuits 
(TDC1022, TDC1033 and TDCI042) 
makes it possible to build circuitry to 
handle signals with wide dynamic range 
at high speeds and reasonable cost. 
This article discusses the architecture of 
these ICs and the motivations behind 
them. 

Tp·27 "Components For Instruments That 
Employ Digital Signal Processing Techniques" 
by D. Watson. 
Applications of fast analog-to-digital 
(AID) converters are expanding into the 
measurement and analytical instrument 
marketplace. This article discusses AID 
converters as they are used in digital 
instruments, reviews "flash" AID 
technology, and presents future 
directions of AID design. 

TP·28 "A Roating Point ALU for Digital 
Signal Processing" by R. Sierra and G. Covert. 
Discusses applications of the TRW LSI 
TDC1022, Floating Point Arithmetic 
Unit. The architecture of the TDC1022 
is discussed, together with several 
application examples in the areas of 
filtering and spectrum analysis. 
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Tp·29 "The Use of Aoating Point Arithmetic 
in Digital Filters and Equalizers" by 
F. Wil6ams. 
Digital Audio, a high-performance 
technology, has undergone rapid 
growth during the last few years. This 
article describes TRW LSI floating 
point processors and how they are used 
in digital audio systems to provide 
noise control, accurate response 
control, and maintenance of effective 
SNR. Frequency response high and low 
filter graphs are provided. 

Tp·30 "Understanding Flash AID Converter 
Terminology" by M. Sauerwakl. 
A comprehensive list of parameter 
definitions that TRW LSI Products uses 
in flash AID converter data sheets. 

Tp·3t "An Introduction To Two Different 
Finite Impulse Response Structures by 
F. Wiliams. 
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 
application note presents two different 
forms for Finite Impulse Response 
(FIR) digital filters. Theoretical 
discussion is included. 

Tp·32 "The TDC1048, A New Low Power 
8-Bit AID Converter" by Dr. D. Packard. 
For video speed flash converters, 
significant improvements in packaging, 
cost, and ease of use can be obtained 
by emphasizing low power in the 
converter design rather than ultimate 
speed. The TRW TDCI048 8-bit flash 
converter uses TRW's OMICRON-B ™ 
I-micron bipolar process to create a 
20MSPS device with dynamic 
performance equal to or better than any 
comparable speed converter with low 
enough power to allow a compact easy­
to-use package. Discussion includes 
design and process features as well as 
performance characteristics. 
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Tp·33 "Using the TDC1018 and TDC1034 in a 
TTL Environment" by D. Watson. 
The TDClO18 and TDC1034 digital-to­
analog converters (DI A) were designed 
for operation in systems that employ 
ECL logic families. However, there are 
many TTL systems that require the use 
of high-speed DI A converters but have 
only +S Volt power supplies available. 
The TDCI018 and TDC1034 can easily 
be used in a TTL environment; this 
application note discusses practical 
circuits and clarifies some of the 
issues. 

TP·35 "High·Speed Color Palette Memory For 
The TDCt034 Graphics Ready DAC" by Dan 
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 3 x 256 x 4 Color­
Palette. Other related information is 
given for CRT graphics applications. 

Article Reprints 
R·t "Packing a Signal Processor onto a 
Single Digital Board," by L. Schirm 
IV, Electronics, December 20, 1979. 

Discusses general applications of 
multiplier-accumulators and the design 
of a single-board FFT processor. 

R·2 "Microprocessor Compatible 
Recursive Digital Filters," by Ford, 
Youseff-Digaleh and Current 
(UC Davis); Proceedings of the IEEE, 
April 1979. 

Describes the implementation of 
recursive digital filters through time­
shared use of a single 
multiplier-accumulator. 
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R·J "A Radix-4 FFT Processor for 
Application in a 60-Channel 
Transmultiplexer Using TTL 
Technology," by Roste, Haaberg and 
Ramstad; IEEE Transactions on Acoustics, 
Speech and Signal Processing; Vol. 
ASSP-27, No.6, December 1979. 

Presents a hardware solution for the 
two 128-point DFT processors with a 
transform time of 125 sec needed in 
a 60-channel transmultiplexer for 
conversion between FDM and TDM 
signals. 

"Design of a 24-Channel 
Transmultiplexer," by M. N arashima; 
IEEE Transactions on Acoustics, Speech and 
Signal Processing; Vol. ASSP-27, No.6, 
December 1979. 

Discusses the design of a 
trans multiplexer capable of performing 
the bilateral conversion between 1544 
kbits/sec digital signal and two analog 
group signals. 
Note: Both articles are included in the 
same reprint. 

R·4 "Television Gathers Speed On its 
Way from A to D," Broadcast 
Communications, September 1979. 

Explains the ways in which the TV 
broadcast studio is evolving towards 
digital implementations. Discusses the 
advantages of the digital vs the analog 
approach. 

R·5 "Get to know the FFT and take 
advantage of speedy LSI building 
blocks," by L. Schirm IV; Electronic 
Design, April 26, 1979. 

Explains the use of the FFT (Fast 
Fourier Transform) and how to 
implement an FFT processor board 
using a multiplier-accumulator. 

R·6 "On the Use of Windows for 
Harmonic Analysis with the Discrete 
Fourier Transform," by F. Harris, 
Proceedings of the IEEE, January 1978. 

A comprehensive discussion of data 
windows and their effect on the 
spectrum analysis problem. Key 
parameters are identified, and window 
options are compared. Applications are 
discussed in detail. 

R·7 "Floating-point chips carve out 
FFT systems," by J. Eldon and G. 
Winter; Electronic Design, August 4, 
1983. 

Describes the implementation of real­
time signal processing using a set of 
three floating point ICs: the TDCI033, 
an arithmetic logic unit with registers; 
the TDCI042, a floating point 
multiplier; and the TDCI022, a floating 
point arithmetic unit. 

R·8 "Quantization Effects on 
Differential Phase and Gain 
Measurements," by F. Williams and R. 
Olsen; SMPTE Journal, November, 1982. 

Discusses absolute performance 
standards as a means of characterizing 
television systems. Equations are 
provided which are used to obtain 
Differential Phase and Differential Gain 
limits for use in the evaluation and 
diagnosis of television equipment. 

R·9 "High speed FIFO memory: theory 
and applications," by E. Chocheles and 
R. Sierra, Electronic Products, March 28, 
1983. 

A comprehensive study of the 
TDC 1030, a First-In First-Out (FIFO) 
memory buffer (fixed or variable-length 
storage) used in data transfer elements. 
Extensive timing analysis is covered in 
the article. 

R·l0 "One-chip DAC delivers 
composite video signal," by R. 
Castleberry and C. Robertson; Electronic 
Design, September I, 1983. 

Describes the TDCI018, a low-cost, 
digital-to-analog converter that delivers 
a composite video signal, capable of 
driving high-resolution graphics 
displays. Device architecture and 
performance specifications are included. 

R·11 "Single-chip Flash AID 
Converters With Evaluation Boards," 
by J. Eldon and R. Olsen; Proceedings 
IEEE 1982 Region 6 Conference. 

Describes TRW LSI Products' AID 
Converters and optional evaluation 
boards. The boards may be used to 
evaluate the Ies, or as models for 
individual circuit design effects. 
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R·12 "6-bit a-d chip steps up the pace 
of signal processing," by J. Muramatsu 
and R. Olsen; Electronic Design, 
September 16, 1982. 

Describes the TRW LSI TDC1029, a 
6-bit analog-to-digital converter that 
samples broadband signals at 100 
MegaSamples Per Second (MSPS). 
This device increases the real-time 
performance of military, medical and 
industrial systems. 

n·ll "Video-speed filtering gets its 
own digital IC," by F. Williams; 
Electronics, October 20, 1983. 

Describes the TRW LSI TDC1028, a 
single-chip filter that is paving the way 
to video-speed fixed and adaptive filter 
implementations in design processes. 

n·14 "One-Micron VLSI Chips for 
Military Systems," by Dr. J. Eldon, 
M. Gagnon and F. Williams; Defense 
Electronics, November 1983. 

Describes TRW's one-micron VLSI 
chips and their applications for military 
systems. The article also discusses the 
bipolar 3-D process used in fabricating 
the devices, VLSI reliability, and other 
topics related to implementation of 
these chips. 

n·15 "Using high speed multipliers for 
real time signal processing," by 
R. Sierra; Electronic Products, February 
7, 1984. 

Complex signal processing can now be 
implemented with the precision and 
accuracy of digital arithmetic logic 
components. This article describes 
TRW LSI Multipliers and their 
usefulness in filtering and spectrum 
analysis. 

n·16 "CMOS comes to high speed 
digital signal processing," by 
J. Haight; Electronic Products, February 
1984. 

Discusses the possibilities for CMOS: 
as geometries continue to shrink, the 
improved performance and reduced 
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power of CMOS make possible a much 
greater number of devices on a chip. 
This opens up many exciting 
possibilities in the digital signal 
processing market. 

R·17 "Digital correlator defends signal 
integrity with multibit precision" by 
Dr. J. Eldon; Electronic Design, May 
1984. 

Correlation serves as the most effective 
means of measuring time delays or 
detecting weak signals in the presence 
of interference. Single-bit digital 
correlator chips excel in applications 
such as continuous-wave radar, but 
often lack precision needed for 
matching optical patterns or measuring 
ultrasonic time delays. The demand for 
greater quantization precision is 
satisfied by TRW's multibit TMC2220, 
a general-purpose digital correlator. 
Theory and practical applications 
presented with applicable diagrams. 

n·1B "High-speed video D/A 
converters simplify graphics-display 
designs" by R. Castleberry; Electronic 
Design News, May 1984. 

This article discusses some of the main 
features of a graphics-display system 
and the resulting tradeoffs, design 
parameters and architectures, with 
special emphasis on the DI A 
conversion process, and the use of the 
TRW TDC1018. 

n·19 "Digital Signal Processing in 
Radar" by J. Haight; Defense Electronics, 
May 1984. 

VLSI adds new dimensions to radar 
and EW signal processing. Much of the 
current work in radar consists of 
implementing ideas formulated right 
after World War II. As technology 
grows, so does the potential 
performance of radar, especially as 
related to digital signal processing, 
which has made the biggest difference 
in radar performance in the last decade. 
This article discusses the benefits of 
using DSP components with respect to 
radar. Detailed diagrams accompany 
the text. 
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R·21 "Multiplier-accumulator derives 
high performance from I-micron 
CMOS" by F. Williams; Electronic 
Design, October 1984. 

This discussion of I-micron CMOS 
technology includes background 
information on the TRW TMC2160, a 
CMOS multiplier-accumulator. Topics 
covered are: choosing a number 
format, flexible control structure, 
slowing down word growth, and 
rounding for precision. In-depth 
diagrams accompany the text. 

R·22 "Digital correlators suit military 
applications" by Dr. J. Eldon; Electronic 
Design News, August 1984. 

This article presents the theory behind 
correlation and how it can serve 
applications ranging from spread­
spectrum communications to optical 
alignment. With the advent of high­
speed, low-power digital correlators 
such as the TRW CMOS TMC2220, 
which can overcome the calibration 
drift that analog correlators can exhibit 
when exposed to varying operating 
temperatures and voltages, digital 
correlators seem to be the direction of 
the future. 

The Application Notes and Article 
Reprints listed above are available upon 
request from TRW LSI Products. 

R·23 "DSP ICs - A Look Ahead" by 
Robert R. Yamashita; Integrated Circuits 
Magazine. October 1984. 

The author examines how the 
evaluation of IC fabrication has brought 
about changes in the field of DSP. The 
advent of improved CMOS technology 
coupled with substantially more 
sophisticated CAE now affords 
revolutionary new product designs for 
DSP chips. 

R·24 "Increased AID Resolution 
Improves Image Processing" by Ellen 
Chocheles; Electronic Products Magazine 
October 15, 1984. 

The article describes the benefits of 
utilizing a TDC 1 048 as a low-cost 8-bit 
flash converter for improved systems 
performance without extensive design 
overhead. 

R·25 "High-Speed 01 A Converters 
Yield Precision Graphics" by Randel 
Castleberry; Computer Design November 
1984. 

Megasample-per-second chips improve 
resolution, precision and flexibility of 
computer system displays. 

The Application Notes and Article 
Reprints listed above are available upon 
request from TRW LSI Products. 
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