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Challenging the Future

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.
1-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,
A/D and D/A converters, shift
registers, floating point processors, and
others.

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
TDC1001 8-Bit, 2.6MSPS D5
TDC1002 8-Bit, 1.0MSPS D5
TDC1007 8-Bit, 20MSPS D 15
TDC1014 6-Bit, 25MSPS D 27
1DC1019 9-Bit, 15MSPS D 3
TDC1013-1 9-Bit, 18BMSPS D 37
TDC1021 4-Bit, 25MSPS D 49
TDC1025 8-Bit, 50MSPS D 53
10C1027 7-Bit, 18MSPS D 75
T0C1029 6-Bit, 100MSPS D 85
TDC1044 4-Bit, 25MSPS D 97
T0C1046 6-Bit, 25MSPS D 107
TDC1047 7-Bit, 20MSPS D 117
TDC1048 8-Bit, 20MSPS D 127
T0C1147 7-Bit, 15MSPS D 139

Evaluation Boards

TDC1007EICIPIC _ 8-Bit, 20MSPS E5
TDC1014E1C/IPIC_ 6-Bit, 25MSPS E2
TDCI019EIC 9-Bit, 15MSPS E 3
TDC1025E1C 8-Bit, 50MSPS E 49
TDC1023E1C 6-Bit, 100MSPS E 61
TDC1047€1C 7-Bit, 20MSPS E73
TDCI048E1C 8-Bit, 20MSPS E 83

D/A Converters

TDC1016-8 §-Bit, 20MSPS F§
T0C1016-3 9-Bit, 20MSPS F5
T0C1016-10 10-Bit, 20MSPS F§
TOC1018 B-Bit, 125MSPS F 17
TDC1034 4-Bit, 125MSPS F 31
Muttipliers

MPYD0BH 8 x B Bit, 30ns Cycle Time Gb
MPYO00BH-1 8 x 8 Bit, 65ns Cycle Time G5
MPY0BHU 8 x 8 Bit, 80ns Cycle Time G 15
MPYO8HU-1 8 x 8 Bit, 65ns Cycle Time G 15
MPY012H 12 x 12 Bit, 115ns Cycle Time G 2%
MPY112K 12 x 12 Bit, 50ns Cycle Time G
MPYD16H 16 x 16 Bit, 145ns Cycle Time G 4
MPYO016K 16 x 16 Bit, 45ns Cycle Time G 63
MPY016K -1 16 x 16 Bit, 40ns Cycle Time G 83
TMC216H 16 x 16, 145ns Cycle Time, CMOS G171

LSI Products Division
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Muttiplier— Accumulators

B4

TDC1008 8 x 8 Bit, 100ns Cycle Time, 18-Bit Output Hb
T0C1008 12 x 12 Bit, 136ns Cycle Time, 27-Bit Qutput H 17
TDC1010 16 x 16 Bit, 165ns Cycls Time, 35-Bit Qutput H 2
TDC1043 16 x 16 Bit, 100ns Cycle Time, 19-Bit Qutput H 4
TMC2008 12 x 12 Bit, 138ns Cycle Time, 27-Bit Output, CMOS H 8
TMC2010 16 x 16 Bit, 160ns Cycls Tims, CMOS H 65
T™C2110 16 x 16 Bit, 100ns Cycle Tims, CMOS HT7
Special Functions

TDC1004 64 x 1 Bit, 10MHz, Digital Correlator, Analog Qutput 15
T0C1022 22-Bit, 10MHz, Floating Point Arithmetic Unit 113
TDC1023 64 x 1 Bit, 15MHz, Digital Correlator, Digital Qutput 128
TOC1028 4 x 4 x 8 Bit, 10MHz, Digital Filter (FIR] 143
Memory/Storage Products

TDC1005 64 x 2 Bit, 25MHz, Shift Register J5
TDC1006 256 x 1 Bit, 25MHz, Shift Register J 1
TDC1011 8-Bit, 18MHz, Variable Length Shift Register J 17
TDC1030 64 x 8, 15MHz, First~In First-0ut Memory J 2%

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

Numerical Order Catalog Page Number
MPY008H 8 x 8 Bit Multiplier, 80ns Cycle Time G5
MPYQ0BH-1 8 x 8 Bit Multiplier, 65ns Cycle Time G5
MPY08HU 8 x 8 Bit Multiplier, 80ns Cycle Time G 15
MPY0BHU-1 8 x 8 Bit Multiplier, 65ns Cycle Time G 15
MPY012H 12 x 12 Bit Multiplier, 115ns Cycle Time G 25
MPY016H 16 x 16 Bit Multiplier, 145ns Cycle Time G 49
MPY016K 16 x 16 Bit Multiplier, 45ns Cycle Time G 63
MPY016K-1 16 x 16 Bit Muhiplier, 40ns Cycle Time G 63
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
T0C1004 B4 x 1 Bit Digital Correlator, 10MHz, Analog Output I5
TDC1005 64 x 2 Bit Shift Register, 25MHz J5
TDC1006 256 x 1 Bit Shift Register, 26MHz Jn
T0C1007 8-Bit AID Converter, 20MSPS D 15
TDC1007E1C 8-Bit Evaluation Board, 20MSPS Ej§
TDC1008 8 x 8 Bit Multiplier-Accumulator, 100ns Cycle Time Hb
TDC1008 12 x 12 Bit Multiplier-Accumulator, 135ns Cycle Time H 17
T0C1010 16 x 16 Bit Multiplier-Accumulator, 165ns Cycle Time H 29
TOC10M 8-Bit Variable Length Shift Register, 18MHz J 17
TDC1014 6-Bit AID Converter, 26MSPS D 27
TDC1014E1C B-Bit Evaluation Board, 25MSPS EN
TDC1016-8 8-Bit DIA Converter, 20MSPS F5
T0C1016-9 9-Bit D/A Converter, 20MSPS F5
TDC1016-10 10-Bit D/A Converter, 20MSPS F5
TDC1018 8-Bit D/A Converter, 126MSPS F 17
TDC1019 9-Bit AID Converter, 15MSPS D 37
TBC1018-1 9-Bit AID Converter, 18MSPS D 3
TDC1019E1C 9-Bit Evaluation Board, 15MSPS E 35
T0C1021 4-Bit, AD Converter, 25MSPS D 49
T0C1022 22-Bit Floating Point Arithmetic Unit, 10MHz 113
T0C1023 64 x 1 Bit Digital Correlator, 15MHz, Digital Qutput 129
70C1025 8-Bit AID Converter, 50MSPS D 59
TDC1025€E1C 8-Bit Evaluation Board, 50MSPS E 49
T0C1027 7-Bit A/D Converter, 18MSPS D 75
TDC1028 4 x 4 x 8 Bit Digital Filter [FIR), 10MHz 143
TDC1029 §-Bit AID Converter, 100MSPS D 85
TDC1023E1C 6-Bit Evaluation Board, 100MSPS E 61
TDC1030 B4 x 9 Bit First~In First~0ut Memory, 15MHz J 2%
T0C1034 4-Bit DIA Converter, 125MSPS F 31
TDC1043 16 x 16 Bit Multiplier-Accumulator, 100ns Cycle Time H 4
TOC1044 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 138

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, 100ns Cycle Time H 77
TMC216H 16 x 16 Bit CMOS Multiplier, 145ns Cycle Time G 77

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

LSI Products Division
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TDC1033
Advance Information

I N A4

Floating Point
Registered Arithmetic/Logic Unit
22-bit {with 16-bit compatibility mode)

The TRW TDC1033 is a manolithic integrated circuit
arithmetic/logic unit with an on-chip register file. It operates
on numbers represented in two formats: 16-bit fixed point
twa'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 made, the TDC1033 is function and
micracode compatible with an array of four industry standard
2901-hit slice processars 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, contrals and addresses to the TDC1033. It
operates at up to 6 million operationsisecond (BMHz clock!.

Features

¢ Microprogrammable (Replaces Four 2801-Bit Slice Units) In
Fixed Point Mode

® Fases Upgrade Of Systems To Floating Point

® Full 16--Bit Precision Over Wide Dynamic Range

¢ Two's Complement Fixed And Floating Paint Operation

e 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 Pducts Divisinn
TRW Electronic Components Group

P.0. Box 2472
La Jolla, CA 92038
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Applications

® Fast Fourier Transformers
* Digital Filters

o Geometric Transformations For Image Processing And
Computer Graphics

® Array Pracessors
¢ High-Speed Contrallers
o Arithmetic Element Module (With TDC1042 Multiplier)

Simplified Block Diagram

Diy_g
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Instructions

Floating Point Fixed Point Flags

R+S R+S SIGN

S-HR S-R Significand Qverflow
R-S R-S ZERD

Normalize R + S RORA Exponent Overflow

RAND S
A AND S
R XOR S
R XNOR §

Denormalize R Significand Carry Qut

Phone: (619} 457-1000
Telex: 697-957
TWX: 910-335-1571

©TRW Inc. 1885
40G01200 Rev. B~5/85
Printed in the USA.
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TDC1033

Functional Description

The TDC1033 consists of five functional sections:
1. The Source Multiplexers For The ALU

2. The Arithmetic/Logic Unit (ALU) Itself
3. The Two-Port RAM (Register File) And RAM Shifter

7 1wy

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

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, 19-Ip.

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-ADAq) 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 “B" output (i.e., the word in register file “B"
selected by the B Address, ADB3-ADBg!

3. The Q register output or
4. A floating paint zero

to the “B” input port of the ALU Section.

Arithmetic/Logic Unit

The ALU receives two numbers, denoted R and 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 {Ag~Ag), Carry In (CIN),
Round (RND), Scale (SCA) and Limit (LMT).

The ALU consists of four blocks:

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

LS| Products Division
TRW Electronic Components Group

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 contral 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 SiGNJ, SOV
(Significand OVerflow), EQV (Exponent OVerflow), ZERD (zero
significand} and COUT (significand Carry OUT) are generated in
the Renormalize Section. Note that while the significand flags
are active in the fixed point mode, the EOV flag will not be
active in the fixed point mode. In floating point made only, the
Round/Scale/Limit Section adjusts the result according to its
controls. These controls and their effects are; RND (add & ONE
to the bit position just below the LSBI, SCA (subtract one from
the exponent effectively, divide the result by twa) and LMT
{force the output to the maximum representable magnitude on
overflow and farce the output to floating paint zero an
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-DCy select which preprocessor function is to be
performed. Two data words (“A” and “B", selected by the
appropriate address bits) can be accessed fram the RAM
during one machine cycle. The RAM Write Enable (WE} is

Ch




TDC1033
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strobed by the rising sdgs of the chip master clock except in
the NOP and Q ragistsr write cases.

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

1. NOP (No OPeration!

2. Load F

3. Load Fi2

4. Load 2F

(What is loaded into the RAM is the valug selected by the
RAM preprocessor.)

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

1. One

2. Zero

3. MSB of F (twa's complement sign extension)

4. LSB of F (for rotation!

In the Load 2F case, a one-bit left shift of the significand is
performed and the Least Significant Bit (LSB) 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)

Cé

Q Ragister/Shifter

The Q register/shifter is a 22-bit register which is reloadsd
sach clock cycle with sither the previous ALU cutput 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 BC4-DCq and the DIVide
control {DIV). There are nine Q register functions;

1. Load current ALU output. Load significand and hold exponent
if DIV =0

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 left one place and shift a zero into the LSB
of the significand

B. Shift significand left one place and force ALU significand
MSB into the LSB of the significand

7. Rotate Q register contents left (MSB into LSB)
8. Rotate Q register contents right {LSB inta MSB)
8. NOP Ino operation-i.e., hald 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 contro!
signals DC4-DCp.

LS| Products Division
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Advance Information

Floating Point Multiplier Features
22-bit {with 16-bit fixed point * Microprogrammable
compatibility mode) ® Full 16-Bit Precision Over Wide Dynamic Range

¢ Two's Complement Fixed Or Floating Point Multiplication
The TRW TDC1042 is @ monolithic integrated circuit multiplier e Selectable Pipelining
which operates on numbers represented in a 22-bit floating o User-Selectable Saturation Limiting Or Wrap-Around
paint format or in a 16-bit fixed paint format. The floating Overflow Handling
point format has a 16-bit two's complement significand and a
B-bit twa's complement exponent giving full 16-bit precision  ® Fully Perallel 110 Structure
over a 384dB dynamic range. Either saturation or wrap-around @ Fixed Point Operation Available
treatment of overflow conditions may be selected. e Three-State TTL Outputs
[ ]
Each of the two inputs and the output has fts own fully TIL Available In 84 Lead Pin Grid Array Or Leadless Chip Carrier
compatible port providing high-speed (non-multiplexed) 1/0. Al Applications
data inputs and outputs are registered as well as the three

instruction inputs and one of the control inputs. The data e Fast Fourier Transformers
outputs are three-state to allow use on a bus. * Digital Filters
® Companion Multiplier For ALU In Microprogrammed Signal

Two internal registers and a source-selection multiplexer an

the muiltiplicand (“B") input allow efficient implementation of Processors . . . N
complex multiplication. An internal pipeline register can be * Coprocessor To TDC1033 Registered Arithmetic Logic Unit

enabled to reach a data throughput rate of 10MHz (guaranteed  ® Geemetric Transformations For Image Processing And

over temperature and supply voltage variations). The device can ~ Computer Graphics ‘
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

SEL ENB E\Wt CLK ASEL i
sseL MSPILSP SELECT
18
N e T ) )
A 7 v
MUXy fa
- " 8 V@ % 8 :\ y ::’:l:zo'
o | A [
SEL A,
B 2 B 2 . 2
. , A @ : >=w
M ~ ("118; MMALIIE IFELUAVG,:UNI
e "L a et
|
LSI Products Division Phone: (619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40601201 Rev. B~5/85
P.0. Box 2472 TWX: 810-335-1571 Printed in the U.S.A.

La Jolla, CA 82038



TDC1042 Tty

Floating Point Data Format

Input, Output with MSP Selected Output with LSP Selected

zll uI |_1n|1-|
p— i n“‘ ‘n“ " e Dul respectively. Thus, the significand is 2 n Dp x 2In-31) \when

the LSP is output. The two LSBs (2~ 30 and 2-31) are
zero-filled as required by internal significand shifting.

The expanent field is duplicated. The significand field (D15 -
’I Dg) carries binary weighting from 2“18 through 2-31,

[»15lz‘loooooo 22 213 ]

Exponent

The exponent is represented by bits Dqg through Dpq. It is a
two's complement integer with Dpq the twa's complement sign

bit. Th t from -32 to 31.
Y. T1e exponent ranges from ° 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
{D15 and D14l are different, that is D15 ® D14 =

NEGATIVE POSITIVE
UNDERFLOW uunurmw.'
i s

2680
2 428+ 2 PR M-8

20
Exponent = Dgq x (-28) + 3 D, x 2[n-16I
n=16

Zero

«— NEGATIVE
OVERFLOW

e, —>
Zero is represented as follows:

Significand = 0.000 0000 0000 0000
Exponent = 100 000

Significand

The significand (sometimes referred to as the MANTISSA) is
represented by bits D15 through Dg. It is a fractional two's
complement number with 16-bit precision: D1 is the twos
complement sign bit. The significand ranges from (1-2-19) 1o

14
Significand = D5 x (-1} + 3 0 Op X 2n-15)
n=

LS! Products Division
C8 TRW Electronic Components Group



TDC1334 ——— -
Advance Information I N A 44

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

The TRW TDC1334 consists of three separate 4-bit DIA grounds have been kept separate for maximum flexibility in
converters on a single monolithic integrated circuit. The system grounding.

TDC1334 has been designed for high-speed operation and is

compatible with ECL logic families. All data and control inputs Features

to the device are registered on the rising edge of the clock

(CONV input. ® Complete, Monolithic, “Graphics Ready”
e Three Identical 4-Bit D/A Converters
A single on-chip band-gap voltage source is used as the ® Registered Data Inputs
reference for all three D/A converters and a single external * Registered Sync, Blank, And Bright Controls

resistor determines gain of the TDC1334. Video controls, Sync o O0n-B Ref
and Blank, are included on the TDC1334 for accurately setting n-Board Reference

DIA output levels during synchronization and CRT blanking ® Linearity Error Less Than 1/8 LSB
intervals. A brightness enhancement control, Bright, is used for e 100MSPS Operation

emphasizing portions of a CRT display and cursor identification. e ECL Compatible Inputs

Each of the three DIA converters has two complementary ¢ Complementary Current Qutputs

current output terminals that can drive 75 Ohm lines. The ® Single -5.2 Voit Power Supply Required
device has been designed to minimize digital feedthrough and ® Can Be Operated In TTL Systems
for optimum printed circuit board layout. Analog and digital o Available In A 28 Lead Ceramic DIP
Pin Assignments Functional Block Diagram
Vega 1108 7 1 28 Vggp s
REF+ 21 21 Dy (B LSB) . -
COMP 31 26 D3g .
BLANK 4[ 25 DZB '—‘ 'SEGMENT AND CONTROL —
BRIGHT 5 { 24 Dqg (B MSB) fietue ] e g | B )
0UT+B 6 ( 23 04R (R LSB) REGISTER ¢

N

DUT—B 7[ 22 D3R UT+g
0UT+p 81 21 Dy w0 | s | s s
0UT-g 9# 20 Dyg (R MSB) [ CT
0UT+g 10 ¢ 19 Dyg (G LSB) .
0uT=g 11§ ) 18 D3g O i | s

J Wi-g

SYNC 12 ﬁ 17 Dyg coy
CONV 13 16 Dyg (G MSB)
Veea 14 € 15 Veep BeFe
ComP
LSI Products Division Phane: {819) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40602018 Rev. A-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 92038
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TMC2220/TRMIC2221 ——
Advance Information § FXwy

CMOS Programmame D|g|ta| Ul.ltpllt into pairs and are availaple as two independent correlatiqns, a
c lat and |, through the 10-bit main output port and the 8- bit
orrela qrs auxiliary port. A programmable matrix combines the Q and |
4 x 32 Blt, 20MHz outputs to obtain three additional functions through the main
; port; Q+I, Q+112, and & Max (|Q], |I]} + 12 MIN (]Q], |I])
1x 128 B't’ 20MHz approximation far the magnitude quantity SQRT (12 + Q2. To

simplify interface timing, the programming contrals are
synchronaus, and are appropriately delayed to accommodate
the pipelining through the weighting and recombining circuitry.

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 end combined
according to user programming. Possible configuratians include
a single 4 x 32 hit, 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 maodule 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. With the TMC2221, the reference word is serially loaded

) . through the single two-input multiplexed reference port of the
A decoder controls the four two~input reference multiplexers  first correlator module. Although the configuration is fixed, the
and reference register enables to choose one of eight reference  gfarence loading process and basic operation for each module

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.

loading schemes. For each of the correlator modules, the are similar to those of the TMC2220. The outputs are summed

reference word is serially shifted into the B register through with equal weighting, and the result is output through the

one of the two multiplexed ports. By clocking the R latch, the single 8-bit port.

reference residing in B is parallel-loaded into R. This allows

the user to preload a new reference word into the B register Features “
while correlation is being performed between the data and

present reference. The four A data registers can be loaded o 20MHz Carrelation Rate

individually or simultaneously with the use of the independent e Single +5V Power Supply
data clock enablgs. The ma;king function is defined with the o Low Power CMOS Process Technology
LM control; loading a zero into a cell of the latch will mask o Three—State TTL C ile 0

the corresponding correlation. bit. When the mask latch is in ree—. ate } ompaltf e Dutputs
the transparent mode [LM held HIGH), all 32 correlation bits o Data Bit Masking Capability

are active. e Two's Complement Or Unsigned Magnitude Correlation Score
. . ® TMC2220 Provides User Programmable Reference

During the correlation process, the latched reference and data Multiplexing, Module Weighting Factors And Recombining

words are continually compared bit—for-bit by exclusive-NOR Circuitry for' 956 Different Correlation Modes.

circuits and ANDed with the latched mask function. Each L. . .
exclusive-NOR bit contributes one bit to the parallel counter - * Mutibit Correlation With TMC2220 Allows for Improved

all bits with a zero in the mask latch have no effect. The Detection Acc.uracy In-Noisy Environmeqts
output represents the number of positions which match at any  © TMC2220 Available In A B4 Lead Ceramic DIP, 68 Contact

one time between the A data register and R reference latch. Chip Carrier, Or B8 Leaded Chip Carrier
The module correlation score can be selscted by the user as e TMC2221 Package Size Reduced With Fixed Single Channel
unipolar {0 to 32) or bipolar {-16 to +16} with the TC contral. Configuration (1 x 1 Thraugh 1 x 128}

' ) o o TMC2221 Available In A 28 Lead Ceramic DIP, 28 Lead
A 3-bit instruction determines the weighting factor for each of CERDIP, Or 28 Contact Chip Carrier
the correlator modules. The weighted outputs are combined
LS| Froducts Division Phone: {818) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: B97-957 40602173 Rev. A-2/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the USA.
La Jolla, CA 92038
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Applications

o Signal Detection

® Radar Signature Recognition
® Secure Communications

® Robotics

¢ Automatic Testing Equipment
® Electro-Optical Navigation

® Pattern And Character Recognition

Module Weighting Factor Programming

Reference Multiplex and Enable Programming

Internal Channel Module Reference
Decoder Configuration Port Selected
Inputs TMC2220 Decoder
Wy Wy Wy a | Inputs TMC2220 TMC2221
000 0, + Qy e+ g RE; RE; REg’ abcd a
0001 30, + 0 I+l 0 0 0 0000 0
10 4q, + Qy LI L 0ooxX
1 0y Iy 10 00YX invalid
P q, X 1 00YY
10 a, + 20, U+ 2 1 0 XX XX X
110 W, + 20, a2y ! VXXX
11 50, + 20, S+2g 110 YXYX Y
11 1 YyYyvy
Note:  The LSB of the decoder, REy, is not used on the TMC2221.

Aoyt

CORRELATOR
MODULE 2
a3

PARALLEL
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2 STAGE
PIPELINE

CORRELATOR

CORRELATOR

MODULE 3
Wx3

PARALLEL
COUNTER
2 STAGE

PIPELINE

MODULE 4
)

7]

PARALLEL
COUNTER
1 STAGE
PIPELINE

REy_2 }:>

REFERENCE
MUX AND

ENABLE
DECODER
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DELAY
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TMC2220 Functional Block Diagram
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Advance Information J IXwWy

Systolic FIR Filter Module
10-bit, 20MHz

The TRW TMC2243 is a three-stage, 10-bit systolic FIR fiter ~ The TMC2243 is built with TRW's OMICRON-C™ 1-micron
module. This device is fully expandable and is specifically CMOS process. The device operates at a clock rate of 20MHz
configured to support video signal processing requirements. The  {50ns) in order to support video speed applications.

TMC2243 comprises three 10-bit multiply and add (MAD} cells,

each with special "feedthrough registers” which support zero Features

coefficient taps. These registers are ordinarily in transparent
mode; enabling them will insert a zero coefficient tap into the  ° 20MHZ Ggaranteid Clock Rate Over Standard Temperature
filter. On each clock cycle, a 2-bit coefficient write enable Range (0° to 70°C]

control allows any one of the three coefficients to be modified  ® Systalic Architecture Allows For Expansion

using the data at the coefficient input bus. Adaptive filtering is e Efficient Implementation Of Zero Coefficient Taps

facilitated by this programmability. e Wide Internal Summation Paths For Overflow Protection
® Programmable Coefficients
The function SUMOUTIn) = SUMINIn-3] + Din-4)K1 + e All Inputs And Outputs Registered

Din-3)K2 + Din-2IK3 is performed by the device, the basic o Three-State Outputs
computation of a FIR filter. The data, Dfil, and the coefficients, | Available In 64 Lead DIP
Kiil, are 10-bit twa's complement numbers. The SUMIN and
SUMOUT buses are 16 bits wide to allow for word growth.
The 16-bit incoming sum (SUMIN91_gl is sign-extended by
one bit, yielding a 17-bit two's complement number. ® FIR Filters
Additionally, 1/2 LSB rounding is implemented by appending e Adaptive Filters
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 ® Video Processing
complement overflow beyond the representable number range

has occurred.

Applications

e (One And Two Dimensional Convolution

TMC2243 Functional Block Diagram

A

CWE_g >—/—>
DATA INg_g

0
o : E ovF
SUMINg, _ 5 SUMOUTz1.§
0
N2 LS8 pprry
(RND}

CLX
Note:
1. *The MSB is duplicated, thereby sign-extending.
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Advance Information

rs

Floating Point Arithmetic Unit
32134 hbits, 125ns

The TRW TMC3200 is a 32/34-bit floating paoint 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 point)
format. Full conversion flexibility between the three data
formats is available. The TMC3200 is built with TRW's
OMICRON-C™ 1-micron CMOS process. With a cycle time of
125ns, the throughput rate of the TMC3200 is 8Mflops {Million
floating paint operations per second).

Al 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 {1BMHz). 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 Time)

 |EEE Standard 754 Draft 10.0 32-Bit Or Extended 34-Bit
Floating Point Data Format

® nteger Two's Complement 24-Bit (Fixed Point) Data Format
® full Conversion Between All Data Formats

® Flexible Data Source Selection

e |nternal Accumulator Feedback Path

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

e Automatic Limiting For Overflow/Underflow Cases
® All Inputs And QOutputs TTL Compatible
e Available In 84 Contact Chip Carrier or 88 Pin Grid Array

Applications

e Matrix Operations And Geometric Transforms

o ALU In Microprogrammed Array Processors

® (raphics And Image Processing

® Floating Point Digital Filters And FFTs

® Radar And Sonar Signal Processors

e Use With 16-Bit Machines {Arithmetic Processars)

TMC3200 Functional Block Diagram

INSTRUCTION WORD
1520 My_g g, ANDI =
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n INPUT
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FP O SYNC CLK B-8US ()

it

OPERAND A "o
[ DENDAMALIZER
DENORMALIZER SECTION
SIGIFICANDS el B
0P SIGN__EXPONENT — —1__Naka
» n
2
) L LN AW
1 1 " v h StCTion
Mew I8 rv
“ HosTen
| 1 \ PIPELINE nmlsm

[
i\ t\ ﬂu M- -0."-g, BND
| ROUND/RENORMALIZEILIMIT SECTION 0“ li““ l"i!

J " OUTPUT REGISTER nsw | FLAG REGISTER j -
s]"un

ROUND.
RENORMALLZE,
LIMIT SECTION

W
7
| QUTPUT MUX [2:1)

=

. NANA, NANS, ZERQ,
-0 INEX, VF, UNF. 105, OEw
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Functional Block Diagram
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Functional Description

The TMC3200 is functionally divided into five sections: the
input section, the denormalizer, the ALU, the
round/renormalize/limit section, and the output section.

Input Section

The input section accepts the A and B aperands, along with
the 8-bit instruction word. The instruction is decaded 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 (CLK) is divided
by twa, generating the Mast Significant Waord (MSW) signal,
which is used internally for 1/0 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 16MHz chip
master clock latch in the data on the input buses at the rising
edge of CLK. Provided the enable controls far the operand
registers (ENA and ENB) 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 (SYNC) aligns the MSW
signal with the chip master clock. The MSW and LSW of the
incoming operands must be present at the input bus an
alternate cycles of CLK.

The operand registers are loaded with every ather cycle of the
master clock. Note that the preload register is strobed every
cycle of CLK, though its contents are loaded inte 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
assaciated. The instruction word must be held through both
load cycles IMSW and LSW input) of the data to which it
applies. The instruction word is divided into four fields: one to
control the operand source multiplexers (Sp_q), one to select
the data format (M1_gl, one to control the arithmetic
operation_performed (OP1_g), and one to control the rounding
method (RND). The A operand can be selected from two
possible sources: the A input bus or a hardwired floating point

LS| 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-hit integer ffixed point). The input and output formats may
differ. The arithmetic operation performed is selected from
A+B, A-B, B-A, -A-B, and CONVB (convert B to different
data formatl. The rounding methad is either IEEE (unbiased}
round -to-nearest, or EEE round-toward-zero (truncation).

Denormalizer Section

This section prepares the operands for the ALU by
denormalizing the operand with the smaller exponent. This
section also expands the exponent figld to 11 bits and the
significand field to 28 bits. This is dane 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 dencrmalizer generates
floating point numbers with identical exponents {if possible)
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 (-512 in the 34-bit format) and 255 (511 in
the 34-hit 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 denarmalizing barrel shifter can right-shift the significand
of the operand having the smaller exponent as required, up to
25 places (after which the significand field becomes zero, with
the “sticky bit” set). 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 cperand
exponents and integer operands.

C 18
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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 appropriate. The ALU
output is @ 28-bit significand field.

The ALU output, the exponent, the sign information, the Invalid
QOPeration (I0P) flag, and five instruction bits are the inputs to
the 46-bit pipeline register. This register may be enabled by
bringing the FeedThrough (FT) 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 (RND 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 fhidden) 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 renarmalizing 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 {the 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

C2

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
{infinity minus infinity or NaN plus any number] trigger NaN
output. In cases other than described above, the limiter will
output the result of the renormalizer unchanged.

Output Section

The output section containg the feedback accumulate path
(U pathl, the 42-bit output register (34-bit output data,
8 flags), 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 (ZERO, 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 untit a new lega! 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 OE
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 (OE) is
LOW, the buffers drive the output bus, when OE is HIGH, the
drivers are in the high-impedance state.
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Advance Information

Features

Floating Point Multiplier
32/34 bits, 125ns

The TRW TMC3201 is a 32/34-bit floating point multiplier. It
multiplies numbers in either |EEE 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 126ns, the throughput rate of the TMC3201 is 8Mflops
{Million floating point operations per secand).

e 8Mflop Throughput Rate (125ns Pipelined Cycle Time)

o |EEE Standard 754 Draft 10.0 32-Bit Or Extended 34-Bit
Floating Point Data Farmat

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

o Automatic Limiting For Overflow/Underflow Cases
o All Inputs And Outputs TTL Compatible

® Available In 84 Contact Chip Carrier Or 88 Pin Grid Array
The data, contrals, 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 {16MHz). 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.

Applications

o Matrix Operations And Geometric Transforms

e ALU In Microprogrammed Array Processars

e Graphics And Image Processing

® floating Point Digital Filters And FFTs

® Radar And Sonar Signal Processors

e [se With 16-Bit Machines {Arithmetic Processor)

TMC3201 Functional Block Diagram
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Functional Description

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

Input Section

The input section accepts the A and B operands, along with
the 2-bit instruction ward. The instruction is decoded in this
section, determining the rounding mode and data format of the
operands. The chip master clock (CLK) is divided by two,
generating the Most Significant Word (MSW) signal, which is
used internally for /0 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 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 (ENA and ENB) 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 (SYNC) 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
gvery 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 B 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 NANB 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 (IOP) flag will be set.
Multiplication of zero x infinity also triggers a NaN output and
sets the 0P flag. The TMC3201 is nat able to process
denormalized operands, and in the event of dencrmalized
incoming operands, the appropriate ADEN or BDEN flags are
set. The product output in this case will be zero.

Significand Multiplier/Exponent Adder

Floating paint multiplication involves multiplication of the
significand fields and addition of the exponent fields. The

LSI Products Division
TRW Electronic Components Group

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" (assumed to be a “1”]. The 24-bit numbers are
multiplied, though only the high order 26 bits are output. The
output of the significand multiplier is @ 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 paint multiplication are added. The
A and B exponent fields are added, generating an 11-bit
nonbiased twa'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 (I0P), 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 cantrol (FT) is
LOW.

Renormalize/Round/Limit Section

The significand emerging from the pipeline register is tested
for overflow. The significand field overflow bit is the MSB 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 (if one was required), 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 RND control is LOW, the TMC3201 will

round -to-nearest, according to IEEE standard rules. If RND is
HIGH, the TMC3201 will truncate (IEEE round -toward-zeral.
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.”

ca
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The exponent emerging from the pipeline register is an 11-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 (for IEEE 32-bit format) or 511
{for extended 34-bit format). These conditions signify an
overflow. Underflow has occurred if the exponent is less than
or equal to zero |IEEE 32-bit} or -512 lextended 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 farced to the NaN. Additionally, the
two status flags, OVerFlow (OVF) and UNderFlow {UNF), are
generated for output in this section. The output of this section
is a 34-hit field, interpreted as either IEEE 32-bit or extended
34-bit data. The output of the limit section goes directly to
the product register.

c2
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Qutput Section

The output section contains the 38-bit output register (34-bit
output data, 4 flags), the output multiplexer, and the output
buffers. 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 infinity} 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 OF control.

The output multiplexer selects either the most or Jeast
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 mast significant word when MSW is
HIGH, the least significant word when MSW is LOW. The
output buffers are three-stated. When Output Enable (DF) is
LOW, the buffers drive the output bus, when OF is HIGH, the
drivers are in the high—impedance state.

LSI Products Division
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Advance Information ’?"

Three Port Register File
16 words x 9 bits, 20MHz

The TRW TMC3220 is a 16-word x 9-bit three port register Features
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,

e Guaranteed 20MHz Clock Rate Over Standard Temperature
Range (0° to 70°C)

along with a single 4-bit write address allow either or bath * Configured For Use With 32134 Bit Floating Point Family
core RAMs to receive a given input data word. On each clock @ Two Fully Independent Read Ports
cycle, the two 4-bit read addresses can each access any of ® Separate Write Enables

the 16 words of memory. Ordinarily, the two write enables are . .
tied together, and the TMC3220 functions as a 16-word x * Easily Cascadable |n Word Siza And Number of Words
9-bit three port RAM. Separating the write enables causes the ~ ® Low Power Consumption CMOS Process
device to function as two independent two port RAMs.  Three-State Outputs

® Availahile In 48 Lead DIP or 44 Contact Chip Carrier
The TMC3220 is specifically designed to operate with the

TMC3200/3201 families of floating point devices, providing Applications

scratch memory and programmable interconnection supporting a ,

variety of applications. The TMC3220 is built with TRW's ® Cache Memory For High-Speed Processors
OMICRON-C™ 1-micron CMOS process and will operate at a @ Graphics And Image Processors

guaranteed clock rate of 20MHz. The clock rate of the ® High-Speed Program Memory And Controllers

TMC3220 also makes it suitable for video speed applications. e Storage For Video Processors

TMC3220 Functional Block Diagram

CLK RAA3_p
N
READ
ADDRESS A
OFA
DATA INPUT BUS
Dlg_g ) I
mﬁs ADDRESS REGISTER FILE A DATA OUTPUT BUS A
3-0 {16 WORDS x 8 BITS) 5 TV 00y
REGISTER FILE B
{16 WORDS x 9 BITS) BG;;‘_‘;“"’“‘ Bus 8
9 9
OB
READ
ADDRESS B
LS| Products Division Phane: {619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40G02179 Rev. A-2/85
P.0. Box 2472 TWX: 810-335-1571 Printed in the US.A.

La Jolla, CA 92038
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A/D Converters

LSI Products Division

TRW LSI’s line of monolithic high-
speed analog-to-digital (A/D) converters
consists primarily of devices that
employ parallel ‘‘flash”’ architecture.
The exceptions are the TDC1001 and
TDC1002 successive approximation
A/D converters. The entire line of A/D
converters covers resolutions from four
to nine bits and conversion rates from

1 to 100MSPS. 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-B™ 1-micron process.

TRW LSI Products pioneered the
development of monolithic high-speed
A/D converters by introducing the
TDC1007 in 1977. This device is an
8-bit 20MSPS A/D 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 A/D
converters. Most of TRW LSI's A/D
converters are available with an
evaluation board which contains all
peripheral circuitry necessary for quick
and convenient operation of the device.

TDC1019
9 TD1019-1
; TDC1002 TDC1001 TOC1007 TDC1025
TDC1048
TOC1147
7 TDC1047
T0C1027 ] TDC1014
RESOLUTION TDC1046 T0C1029
(BITS)
5-..
s TDC1021
TDC1044
) )L
"\K I\ﬁ I
1 25 3 15 20 25 30 5 75 100

CONVERSION RATE (MSPS)
Figure 1. Resolution vs. Conversion Rate For TRW-LSI AID Canverters.

“Flash” AID Converters

‘‘Flash’” A/D converters have three
major functional sections: the
comparator array, encoding logic, and
output data latches. The input voltage
to the A/D 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 A/D
converter in bits. The comparator
reference voltage points are tapped
from a reference resistor chain which is

TRW Electronic Components Group

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

comparator compares the unknown
input voltage to the output of the
internal D/A. Successive approximation
is an iterative process during which the
SAR stores data from the comparator
and presents new data to the D/A
converter. At the end of the process,
the data in the SAR drives the D/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.

Conversion  Power
Resolution  Rate' Dissipation

Product Bits {MSPS) {Watts) Package Notes
TDC1001 8 25 07 J8 Successive approximation
TDC1002 8 10 07 J8 Successive approximation
TDC1007 8 20 27 Ji, ¢, 1

E1, P1 Evaluation boards
TDC1014 [} 25 11 Ji, B1

E1, P1 Evaluation boards
TDC1019 9 15 47 J, e ECL compatible

E1 Evaluation board
TDC10191 9 18 47 J, 6,0 Speed selected version
TDC1021 4 25 0.6 J9
TDC1025 8 50 39 c1, L1 £CL compatible

E1 Evaluation board
TDC1027 7 18 18 J7, B7
TDC1029 [} 100 21 J7, J§ ECL compatible

E1 Evaluation board
TDC1034 4 2% 04 J3, N9
TDC1046 6 25 08 J8, B8
TDC1047 7 20 11 J1, 87, C3

Bl Evaluation Board
TDC1048 8 20 16 J6, C3, B6

E1 Evaluation board
TDC1147 7 15 11 J7, 87, C3

Note: 1. Guaranteed, Worst Case, Ty = 0°C to 70°C.

LSI Products Division
TRW Electronic Components Group
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Successive Approximation
A/ID Converters
8-bit, 2.6MSPS, TMSPS

The TRW TDC1001 and TDC1002 analog-to-digital converters Features
are high-speed, 8-bit successive approximation devices. These
bipolar, monolithic converters offer significant advantages in ] )
size, cost, and performance, as well as high reliability and ® Binary Output Coding
low-power consumption. ¢ TTL Compatible

® +1/2 LSB Linearity

¢ §-Bit Resolution

All digital interfaces are TTL compatible. A single +5VDC .
supply is required by the digital circuitry while -5VDC is * Parallel Output Rs'ag{ster.

required by the analog portion of the device. The analog and * 800mW Power Dissipation
digital ground planes are internally isolated. ® Available In 18 Lead DIP

The TDC1001 and TDC1002 consist of a comparator, reference  Applications
buffer, 8-bit DI/A converter, successive approximation register,

. o © Microprocessor Systems
output register, and control circuitry. opro Y

® Numerical Control Interface
o [Jata Acquisition Systems

Functional Block Diagram

comp Vee Vec  Aonp  Denp
VRer > BUFFER
8 8 8
DAC f<—F—] SAR |—/—>| REGISTER #— Dy_7
J ——— BUSY
Vin —>_‘.> o, 1 START CONVERT
COMPARATOR < cLOCK

EE—
LS| Products Division Phone: (619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40G00272 Rev. F-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 92038
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Functional Block Diagram
comp Vee Vcc  Aehp  Dgnp
Veer > BUFFER
8 8 8
DAC |«—— SAR |—~| REGISTER 79 Dg_;
1‘ * ,——> BUSY
iy > | > - START CONVERT
COMPARATOR CONTROL cLoCK
Pin Assignments
Vee 1 18 CLK
sC 2 17 Vg
{MSB) D; 3 16 Viy
Dg 4 15 Agnp
D5 & 14 COMP
Dy 6 13 REF
D3 7 12 BUSY
D, 8 11 Dp (LSB)
Dy 9 10 Dgnp

18 Lead DIP - JB Package
C__________________________________________________________________________________________________________________________________|]

Functional Description

General Information

The TDC1001 and TDC1002 consist of six functional sections:
comparator for the analog input, reference buffer, 8-bit DIA

converter {DAC), successive approximation register (SAR), output

D6

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
TRW Electronic Components Group
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Power

The TDC1001 and TDC1002 operate from separate analog and
digital power supplies. Analag power (Vgg) is -5.0VDC and
digital power (Vg is +5.0VDC. All power and ground pins

must be connscted.

Separate decoupling for each supply is recommended. The
return for |gg, the current drawn from the Vg supply, is
Agnp. The return for Igg, the current drawn from the Vg

supply, is DgnD-

Name Function Value J8 Package
Vee Analog Supply Voltage -5.0v0C Pin 17
Vee Digital Supply Voltage +5,0v0C Pin 1
AgnD Analog Ground 0.ovoc Pin 15
Dgno Digital Ground o.ovoc Pin 10

Reference

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

have a significant effect on the overall accuracy of the system.
The reference voltage input pin should be bypassed to Agnp
as close as possible to the device terminal.

Name

Function

Value J8 Package

VRer

Reference Voltage Input

-0.5vDC Pin 13

Analog Input

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

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

Name

Function

Value J8 Package

ViN

Analog Input

0to -05V Pin 16

Conversion Timing Description

The timing sequence of the TDC1001 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 tg prior to the leading edge
of the first convert pulse, and must remain HIGH a minimum

of ty after the edge.

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

Name Function Value J8 Package
SC Start Convert Input TTL Pin 2
BUSY Busy Flag Output TTL Pin 12
CLOoCK Convert Clock Input TIL Pin 18

LSI Products Division

TRW Electronic Components Group
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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 (54/74 LS)
unit loads or the equivalent. The outputs hold the previous

data a minimum time {tp} after the rising edge of Start

Convert (SC).

Name Function Value J8 Package
0; MSB Qutput L Pin 3
Og T Pin 4
Dg T Pin §
Dy m Pin 6
D T Pin 7
0 T Pin 8
0y TTL Pin 9
Dy LSB Output L Pin 11

Compensation Pin

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

The compensation capacitor must be connected between this
pin and Vgg. A tantalum capacitor greater than 10uF is

recommended for proper operation.

Name Description

Value

J8 Package

COMP Compensation Pin

SI0uF

Pin 14

Output Coding

An analog input voltage of 0.0V will produce a digital autput
code of all zeros; an analog input voltage of -0.50V wil
produce a digital output code of all ones.

D8
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Figure 1. Timing Diagram
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INPUT
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oUTPUT D74 DATA VALID (PREVIOUS CONVERSION) NEW DATA
| | v
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Figure 2. Simplified Analog Input Equivalent Circuit
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Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits
+Vee
Vgo o= ° Vee ?
L
b 38002 T0 1; 8100
b3 11.5K ouTRUT
PIN
INPUT o-——lz— N i
% OUTPUT apF X 1N3062
{L
OUTPUT EQUIVALENT =
TEST LOAD FOR DELAY
L CIRCUIT MEASUREMENTS

3

LS! Products Division
TRW Electronic Components Group D3



TDC1001/1002 T0%ww
7 7rXwy
]
Absolute maximum ratings (beyond which the device will be damaged)
Supply Voltage
Vg (measured to Dgyp) 0to +6.0V
Vg {measured to Agnp) 0to -6.0V
Agnp (measured to Dgyp) -05 to + QSV
Input Voltages
CLK, SC (measured to Dgnp) -05to +55V

V|N' VRer (i dto AGNU‘ +05V to VEEV
Qutput
Applied voltage (measured to Dgyp) -05 to +55v2
Applied current, lly forced -1.0 to +6.0ma34
Short circuit duration (single output in high state to Dgyp) 1 sec
Temperature
Operating, case. -60 to +140°C
junction. +175°C
Lead, soldering {10 seconds). +300°C
Storage ~65 to +150°C
Notes:

Operating conditions

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.

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Vec  Positive Supply Voltage 45 5.0 55 45 50 55 v
Veg  Negative Supply Voltage -4.75 -50 -525 -475 -50 -5.25 v
Agnp  Analog Ground Voltage (Measured to Dgpp) -0 0.0 +0. -0.1 00 +0.1 v
oy Clock Pulse Width, LOW 20 20 ns
tpwy Clock Pulse Width, HIGH 20 20 ns
ts Start Convert, Set-Up Time 7 17 ns
t4 Start Convert, Hold Time 16 16 ns
ViL Input Voltage, Logic LOW 08 08 )
Viy  Input Voltage, Logic HIGH 20 20 )
lpp  Output Current, Logic LOW 40 40 mA
oy Output Current, Logic HIGH ~400 ~400 UA
Vper  Reference Voltage -04 -05 -06 -04 -05 -06 v
Viy  Analog Input Voltage 0.0 -06 00 -06 v
Tp  Ambient Temperature, Still Air 0 +10 °C
Tc Case Temperature -20 +85 °C

D10
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Electrical characteristics within

specified operating conditions

Temperatura Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Positive Supply Current Voo = MAX, Static! 40 40 mA
lgg  Negative Supply Current Vgg = MAX, Tg = ~20°C to +85°C -80 ~80 mA
Igiag  Analog Input Bias Current 10 10 HA
Iper  Reference Current VRer = NOM 25 25 A
Rper  Total Reference Resistance 200 200 kOhms
Ry Analog Input Equivalent Resistance Vger = NOM 50 50 kOhms
Cpy  Analog Input Capacitance 10 10 pF
I Input Current, Logic LOW Vg = MAX, V) - 05V =10 -10 mA
4 Input Current, Logic HIGH Vpg = MAX, V) = 24V 75 75 LA
Vo  Output Voltage, Logic LOW Vg = MIN, Igp = MAX 05 05 v
Voy  Output Voltags, Logic HIGH Voo = MIN, Igy = MAX 24 24 v
los  Output Short Circuit Current -25 ~25 mA
Note:
1. Warst 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
Fg  Maximum Clock Rate Voo Veg = MIN TDCI001 15 prk] MHz

TDC1002 9.0 9.0 MHz
tc Conversion Time Vee Vee = MIN TDC1001 400 400 ns

TDC1002 1000 1000 ns
tp Digital Qutput Delay Voo Veg = MIN 50 50 ns

System performance characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
Eyy  Linearity Error Integral, Independent Voo Vee - NOM 02 02 %
Elp  Linearity Ervor Differential 02 02 %
Teg  Gain Temperature Coefficient Ve Vee = NOM +10 +10 ppm/°C
Eg  Offset Voltage +7 +7 mV
Tgg  Offset Temperature Coefficient Vee Vee = NOM -10 -10 MvIee
Eg Gain Error 15 20 %
Tog  Igias Temperature Coefficient Ve Ve = NOM -10 -10 %I°C

LS! Products Division

TRW Electronic Components Group D 11
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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 A/D 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 assaciated 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 Ghms). This will minimize the possibility of
picking up extraneous noise.

Ceramic high frequency bypass capacitors {0.001 to 0.01uF}
should be used at the input pins of Ver, Vg, and REF. All
pins should be bypassed to Agnp except V(.

A tantalum capacitor of greater than 10uF should be
connected from COMP (pin 14) to V.

LSI Products Division
TRW Electronic Components Group
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Figure 5. Typical Interface Circuit
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*Full Scale Adjustment % T
* ® O -5VDC
Parts List
Resistors
Ri 909 Ohms 1% 1BW
R2 100 Ohms Multi-Turn Cermet Pot
R3 133 kOhms 1% 1BW
R4 249 kOhms 1% 1BW
Capacitors
C,C3,C5 100uF 25V
c2, C4 0001 wF SOV
c6 0005 puF 50V

Integrated Circuits

n TDC1001J8 TRW B-hit A/ID Converter

U2 7415161 TTL 4-bit Counter

u3 74LS04 TTL Hex [nverter

D1 LM113-1.22 1.2V Bandgap Voltage Reference

LSI Products Division
TRW Electronic Companents Group D13
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
T0C1001J8C STD-Ty = 0°C to 70°C Commercial 18 Lead DIP 1001J8C
TDC1001J8G STD-Ty = 0°C to 70°C Commercial With Burn-In 18 Lead DIP 1001J8G
TDC1001J8R EXT-Tp = ~20°C to 65°C Commercial 18 Lead DIP 1001J8R
TDC1001.J8T EXT-Tg = -20°C to 85°C High Reliability ! 18 Lead DIP 1001J8T
TDC1001J8H EXT-Tg = -20°C to 85°C Commercial With Burn~In 18 Lead DIP 1001J8H
TDC1002J8C §TD-Ty = 0°C to 70°C Commercial 18 Lead DIP 1002J8C
T0C1002J86 §TD-T = 0°C to 70°C Commercial With Burn-In 18 Lead DIP 1002.86
TDC1002J8R EXT-Tp = -20°C to 85°C Commercial 18 Lead DIP 1002J6R
T0C1002.8T EXT-Tp = -20°C to 85°C High Reliability ! 18 Lead DIP 1002587
T0C1002J8H EXT-Tg = -20°C to 85°C Commercial With Burn-In 18 Lead DIP 1002J6H

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.

1. Per TRW document 70201757,

LSI Products Division
D 14 TRW Electronic Components Group
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Monolithic Video A/D Converter Features
8-bit, 20MSPS * B-Bit Resolution

® Conversion Rates Up to 20MSPS
The TOC1007 is an B-bit fully parallel (flash) analog-to-digital e Sample-And-Hold Amplifier Not Required
converter, capable of digitizing an input signal at rates up to " b .
20MSPS (MegaSamples Per Second). It will operate accurately * Bipolar Monpllthm Construction
without the use of an external sample-and-hold amplifier, ¢ TTL Compatible Inputs and Qutputs
with analog input signals having frequency components up to @ Binary or Twa’s Complement Mode
TMHz. o Differential Phase = 1.0 Degrees

e Differential Gain = 1.7%

A single LONVert [CONV) signal contrls the conversion e Evaluation Bozrds Available: TOCTODJEIC or TOCI0O7P1C

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 Applications
20ns. Control inputs are provided to format the output in e Video Systems 3x or 4x Subcarrier, NTSC or PAL
binary, two’s complement, or inverse data coding formats. * Radar Systems

The TOC1007 s patented under U.S. Patent No. 3283170 with  © "9n~Speed Multiplexed Data Acquisition
other patents pending. * Digital Signal Processing

Functional Block Diagram
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LS| Products Division Phone: (619} 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40600276 Rev. D-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.SA.

La Jolla, CA 92038
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Functional Block Diagram
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Pin Assignments

NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
NC NC
Ry NC
NC NC
VIN NC
AGND NC
Vin VEE
Vin VEE
Rim Vee
Vin Ve
AGND NC
" "
Rg Vee
NC Dgnp
NC NMINV
NC Dy (MSB)
NC D2
NC D3
Vee Dy
Dgap NLINV
CONV [N
NC = Dg
1L58) Dg Ha Dy

64 Lead DIP - J1 Package

LSI Products Division
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Pin Assignments
o S 2 B RES 2 =
ERSEESSEFSSFELESEF
BRRCANIBHFRIIES S
NC 61 8 N
NC 62 42 NC
NC 63 I M Veo
NC B4 40 Dgnp
NC 65 33 CONV
NC 66 38 0gitse)
NC &7 hn
NC 68 3B Dg
NC 1 35 Dy
N 2 3 NNV
NC 3 N 0y
NC 4 2 0
NC 5 3 0y
NC B 30 DyMSB)
NC 7 23 NMINV
NC B 8 NG
NC 9 27 NC
erNoTEen 2 dRNRRSS
$998 HEYY HuL U He g9
(-]
68 Contact Or Leaded Chip Carrier - C1, L1 Package
I R T ]

Functional Description

General Information

The TDC1007 has three major functional sections: a comparator
array, encoding logic, and output data latches. The input
valtage is compared with 265 separate reference voltage points
tapped from the reference resistor chain. The 265 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

those referred to voltages more negative than the input signal
will be on). 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-0R 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.

Power

The TDC1007 operates from two supply voltages, +5.0V and
-6.0V. The return for g, the current drawn from the +5.0V
supply, is Dgnp. The return path for Igg, the current drawn

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

Name Function Value C1, L1 Package J1 Package

Ve Positive Supply Voitage +5.0V Pins 23, 41 Pins 28, 43

VEe Negative Supply Voltage -6.0v Pins 14, 18, 19, 21 Pins 47, 48, 49, 50
Dsn Digital Ground 0.0v Pins 25, 40 Pins 28, 42

AgND Analog Ground oov Pins 48, 55 Pins 14, 18

LS| Products Division

TRW Electronic Components Group D17
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Reference

The TDC1007 converts analog signals in the range

VRB < V|N << VR into digital form. VR {the voltage applied
to the pin at the top of the reference resistor chainl, and VRg
[the voltage applied to the pin at the bottom of the reference
resistor chain) should be between +0.1V and -2.1V, with the
difference between them less than 2.1V. VRT should be more
positive than Vpg 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

necessary reference resistor chain current. The voltages on RT
and Rg may be varied dynamically up to 7MHz. Due to
variations in reference current with clock and input signals, AT
and Rg 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 application) a
low-impedance reference source is required.

Name Function Value C1, L1 Package J1 Package
Ry Reference Resistor (Top) 0.0v Pin 60 Pin 11
Rm Reference Resistor (Middle} -1V Pin 51 Pin 17
Rg Reference Resistor (Bottom) =20V Pin 4 Pin 22

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. By using these controls, the

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

Name Function Value C1, L1 Package J1 Package
NMINV Not Most Significant Bit INVert T Pin 28 Pin 41
NLINV Not Least Significant Bit INVert TiL Pin 34 Pin 36

Convert

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

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, tpwL)
requirements on the waveshape of the CONV signal.

Name Function

Value C1, L1 Package J1 Package

CONV Convert

L Pin 39 Pin 30

D 18
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Analog Input
The input impedance of the TDC1007 varies with input signal signal. When the analog input is beyond the range of the

level. As the signal varies, the comparator input transistors reference voltage, the output data will be the apprapriate
change from active to cut-off, causing the net input resistance  full-scale value. Note that there are two components to the
and capacitance to change. To prevent this action from input bias current flowing into the Vj\ pins. One component is
degrading the integrity or accuracy of the output data, it is constant for constant input voltage and is the sum of the bias
desirable to drive the TDC1007 inputs from a low-impedance currents of the subset of comparators that are active (ICpl.
source {less than 256 Ohms). The input signal level should The other component is related to the action of the CONV

remain within the range of VEg to +0.5V in order to prevent signal on the comparator chain (Igg). All analog input pins of
damage to the device. When the input is at a level between the TDC1007 must be used in order to insure operation over
VRT and VRp reference voltages, the output data value will be  the full input range.
directly proportional to the amplitude of the analog input

Name Function Value C1, L1 Package J1 Package

Viy Analog Input Signal V1o -2V Pins 48, 50, 52, 54, 58 Pins 13, 15, 18, 18, 20

Qutputs

The outputs of the TDC1007 are TTL compatible and capable rising edge of the CONV signal, and the new data becomes
of driving four low-power Schottky unit loads (54/74 LS). The valid after a maximum time of tp. For optimum performance,
outputs hold the previous data a minimum time (tyg) after the 2.2 kOhm pull~up resistors are recommended.

Name Function Value C1, L1 Package J1 Package
Dy MSB Output it Pin 30 Pin 40
Dy T Pin 31 Pin 39
Dq m Pin 32 Pin 38
Dy L Pin 33 Pin 37
Dg TIL Pin 35 Pin 35
Dg TiL Pin 36 Pin 34
D, L Pin 37 Pin 33
Dg LSB Output m Pin 38 Pin 32

No Connects

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

Name Function Value C1, L1 Package J1 Package
NC No Connect Open Pins 1-13, 15-17, 20, 22, 24, Pins 1-10, 12, 24-21,
26-28, 42, 43, 45, 47, 49, 53, 31, 4-45, 51-64
56, 57, 59, 61, 62-68

LS| Products Division
TRW Electronic Components Group D19
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltages

Vg (measured to Dgyp) -05 to +7.0V

Vg (measured to Agnp! +05 to -7.0V

Agnp fmeasured to Dgnp! -10to +1.0V
Input Voltages

CONV, NMINV, NLINV (measured to Dgyp) -05to +5.5V

ViN. VRT: Vgp (measured to Agyp) +0.5 to VggV

VRy (measured to Vpg) +22 10 -2V
Output

Applied voltage {msasured to Dgyp) -05 to +55v2

Applied current, externally forced -10 to +6.0mA34

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

. Temperature Range “
Standard Extended

Parameter Min Nom Max Min Nom Max | Units
Veo Positive Supply Voltage (Measured to Ogyp) 475 50 5.25 45 5.0 55 v
Ve Negative Supply Voltage (Measured to Agyp) -5.75 -6.0 -6.25 -5.75 ~6.0 -625 |V
VaGND  Analog Ground Voltage (Measured to Dgyp) -0 00 01 =01 0.0 0.1 v
tPwL CONV Pulse Width, LOW 2 25 ns
tPWH CONV Pulse Width, HIGH 15 15 ns
ViL Input Voltage, Logic LOW 08 08 v
Vin Input Voltage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 40 40 mA
loy Output Current, Logic HIGH -400 -400 UA
VRt Maost Positive Reference Input! -1 0.0 0.1 -1.1 0.0 0.1 v
VRg Most Negative Reference Input! -08 -20 -21 -08 -20 -2 |V
Vrr-Vgg Voltage Reference Differential 10 20 22 10 20 22 )
Vin Input Voltage VRt Vs VRt Ve v
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature -85 125 °C
Note:

1. VR must be more positive than Vgg, and valtage reference differential must be within specified range.

LS| Products Division
TRW Electronic Companents Group DN
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Electrical characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
lcc  Positive Supply Current Vg = MAX, Static 0 35 mA
lgg  Negative Supply Current Veg = MAX, Static !
Tp = 0°C to 70°C -400 mA
Tp = 70°C -350 mA
Tg = -55°C to 125°C -410 mA
Tg = 125°C -320 mA
lner  Reference Current Var VRg = NOM 3 4 mA
Rper  Total Reference Resistance 57 50 Ohms
ﬂm Input Equivalent Resistance VR VRg = NOM. Vjy = Vpg 5 5 kOhms
Cy  Input Capacitance 20 250 pF
lcg  Input Constant Bias Current Veg = MAX 400 500 UA
Isg  Input Clock Synchronous Bias 200 200 HA
e Input Current, Logic LOW Vg = MAX, V) = 05V =20 -20 mA
iy Input Current, Logic HIGH Vog = MAX, V| = 24V 75 75 uh
i Input Current, Max Input Voltage Voo = MAX, V) = 88V 1.0 1.0 mA
VoL  Output Voltage, Logic LOW Veg = MIN, Igp = MAX 05 05 v
Voy  Output Voltage, Logic HIGH 24 24 v
lps  Short Circuit Output Current Vee = MAX, Output HIGH, one pin to ground, -25 -25 mA
one second duration.
C Digital Input Capacitance Tp = 25°C, F = IMHz 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
Fg  Maximum Conversion Rate Ve = MIN, Veg = MIN 20 2 MSPS
tgrg  Sampling Time Offset Voo = MIN, Vgg = MIN 0 10 0 10 [ns
tp  Output Delay Time Voo = MIN, Vgg = MIN, Load 1 40 4 |ns
tyg  Output Hold Time Veg = MIN, Vge = MIN, Load 1 10 10 ns

LSI Products Division
TRW Electronic Companents Group
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System performance characteristics within specified operating conditions

Temperature Rangs

Standard Extended

Parameter Test Conditions Min Max Min Max Units
Ejy  Linearity Error Integral, Independent Vgt VB = NOM 0.3 03 %
Ep  Linearity Error Differential Va1, VRB 03 03 %
a Code Size VR1. VRg = NOM 15 185 15 185 % Nominal
Egy  Offset Emor  Top ViN = VRt 3% 45 mV
Egg  Offset Eor  Bottom Vin = VR -2 -2 mV
Tep  Offset Eor  Temperature Coefficient +50 £50 Ve
BW  Bandwidth, Full Power Input 7 5 MH:z
trp  Transient Response, Full Scale 20 20 ns
SNR  Signal-to-Noise Ratio 10MHz Bandwidth

20MSPS Conversion Rate

Peak SignallRMS Noise 1.248MHz Input 53 52 dB
2.438MHz Input 50 49 dB
RMS Signal/RMS Noise 1.248MHz Input “ 43 dB

2438MHz Input 4 40 dB
NPR  Noise Power Ratio DC to BMHz White Noise Bandwidth 3.5 365 dB

4 Sigma Loading

1.248MHz Slot

20MSPS Conversion Rate
Epp  Aperture Error 60 60 ps
DP  Differential Phase NTSC @ 4x Color Subcarrier 1.0 10 Degree
DG Differential Gain NTSC @ 4x Color Subcarrier 17 17 %

LSI Products Division
TRW Electronic Components Group D23
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Output Coding (Input range from 0.000 to -2.000V)

Binary Offset Two's Complement
Input Voltage True Inverted True Inverted
{-7.84 mV/Step) NMINV = 1 0 0 1
NUNV = 1 0 1 0

0.000 00000000 mmm 10000000 [RRRRARE

L L] L] L] L]

L] L] L L] L[]
~0.0078 00000001 1o 10000001 01111110
L[] L] L] L] L]

L[] L] L] L] L[]

[ ] L] L] [ ] [ ]

L] L] L] L] L]
-0.9950 o 10000000 mnim 00000000
-1.0039 10000000 o1 00000000 1M
[ ] L] L] L] [ ]

[ ] L] L] . L]

L] L] L] L] L]

[ ] L[] L ] L] L]
-19921 111110 00000001 01111110 10000001
[ ] L] L] L] [ ]

L] L] L L] L]
-2000 mnn 00000000 oI 10000000

Calibration

To calibrate the TDC1007, the top of the reference resistor
chain, Ry, 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 A/D. These
parasitic resistors are shown as Ry and Ry 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 Rg.

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 Rp.
This voltage will necessarily be mare negative than the desired
reference level of -2.0V. The actual operating range of the
AID converter will be:

VagND - lIRer x R1) to Vg + [IREF x R2)

However, if both ends of the resistor chain are driven by
transistor -buffered operational amplifiers, the voltages on Ry
and Rp 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-1IRer x R} to (VRR + (IREF x R2)L.

Since both VRT and VRp are adjustable, the offset voltage
error effect can be cancelled and the A/D operated with gain
and offset errors removed.

The TDC1007 provides access to the mid-point of the
reference resistor chain, Rp. 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
TRW Electronic Components Group
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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 @ PNP transistar. 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.

The input amplifier is a bipolar wideband operational ampiifier
followed by an NPN transistor buffer. The transistor drives ths
input capacitance of the A/D 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 Vjy points are connected together and the
buffer amplifier feedback loop is closed at that paint, 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 A/D converter. The
AID converter operates with a 2V full-scale.

Figure 5. Typical Interface Circuit
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Figure 6. Method For Driving Mid-Point Of Resistor Chain
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Parts List
Resistors
R1 t 114w
R2 t 14w
R3 1K 114w 5%
R4 43K 14w 5%
R5 10 14w 5%
R6 56 12w 5%
R7 240 w 5%
R8 68 112w 5%
R9 K 1w 5%
R10 * 114W 5%
RN K 114w 10-turn
R12 2K 14W 10-turn
R13 13K 114W 5%
R14 2. 114W 5%
R15 680 1AW 5%
R16 22K SIP 5%

Capacitors

c1 0.1uF 50V
c2 * 50v
c3 0.1uF 50v
c4 713 50V
Cs 0.uF 50v
C6 1.QuF 15
c7 0.1uF 50v
cs 0.uF 50v
9 OlF 5V
Cc10 0.uF 50V

Ordering Information
.

72l

Integrated Circuits

n TDC1007J1
Uz Plessey SL541C

B uA
il MC1403
Diodes

CR1 1N4001
Transistors

o 2N5836
a2 2N2907

t Indicates input terminator/divider
* Indicates amplifier compensation

Product Temperature Range Screening Package Package
Number Marking
TDC1007CIF EXT-Tg = -55°C to 125°C Commercial 68 Contact Chip Carrier 1007C1F3
TDC1007C1A EXT-Tg = -55°C to 125°C High Reliability ! 68 Contact Chip Carrier 1007C1A3
TDC1007J1C STD-Ty = 0°C to 70°C Commercial 64 Lead DIP 1007J1C3
TDC1007J1G STD-Tp = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1007J1G3
TDC1007L1F EXT-Tp = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1007L1F3
TDC1007L1A EXT-Tg = -55°C to 125°C High Reliability? 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.

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

The TRW TDC1014 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 12MHz into 6-bit digital words. A
sample—and-hald circuit is nat necessary. All digital inputs and
outputs are TTL compatible.

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

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

Features

7 Iswy

® §-Bit Resolution

® 1/4 LSB Linearity

e Sample-And-Hold Circuit Not Required

o TTL Compatible

® 25MSPS Conversion Rate

o Selectable Output Format

® Available In 24 Lead DIP Or CERDIP

e Evaluation Boards - TDC1014E1C, TDC1014P1C

Applications

® [ow-Cost Video Digitizing
® Medical Imaging

® Data Acquisition

o TV Special Effects

e Video Simulators

 Radar Data Conversion

Functional Block Diagram
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Functional Block Diagram
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Pin Assignments

Veg 1 24 NC
NC 2 23 NC
NC 30 2 Ry
NMINV 4 ( 2 vy
NLINV 5 ( D20 Agnp
Veg 6 019 Viy
Vee 7 g 118 AgND
Dgnp 8 017 ViN
(MSB) Dy 9 116 Rg
Dy 10 115 CONV
D3 N 14 Dg (LSB)
Dy 12 13 Dg

24 Lead DIP - J7 Package
24 Lead CERDIP - B7 Package

LS| Products Division
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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 signal 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

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.

Power

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

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

Name Function Value J7, B7 Package
Vee Positive Supply Voltage +5.0V Pin 7

Vee Negative Supply Voltage -6.0v Pins 1, 8
Ognp Digital Ground ) Pin 8

AgnD Analog Ground 0.0v Pins 18, 20

Reference

The TDC1014 converts analog signals in the range

VRB < V|N < VRT into digital form. VRp (the voltage applied
to the pin at the bottom of the reference resistor chain) and
VRT (the voltage applied to the pin at the top of the reference
resistor chain) should be between +0.1V and -2.1V. VRT
should be more positive than VRg within that range. The
voltage applied across the reference resistor chain

(VRT ~ VRg! must be between 08V and 1.2V. The current in
the reference resistor chain can be supplied directly by a 741

type operational amplifier. The nominal voltages are,

VRT = 0.0V, VRg = -1.0V. These vaoltages may be varied
dynamically up to 12MHz. Due to variation in the reference
currents with clock and input signals, Rt and Rg 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.

Name Function Value J7, B7 Package
Ry Reference Resistor (Top) 0.0v Pin 22
Rg Reference Resistor (Bottom) -1V Pin 16

Contral

Two function contral pins, NMINV and NLINV, are provided.

These contrals are for DC li.e. steady state} use. They permit
the output coding to be either straight binary or offset two's
complement, in either true or inverted sense, according to the

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

Name Function Value J7, B7 Package
NMINV Not Most Significant Bit INVert T Pin 4

NLINV Not Least Significant Bit INVert TiL Pin 5

LS| Products Division
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Convert

The TDC1014 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 tgTg, 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 CONV signal.
The coded result is transferred to the output latches on the

next rising edge. The outputs require a minimum value of tp
{output delay} after a rising edge of the CONV 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 TDC1014 is taking
input sample N + 2.

Name Function

Value J7, B7 Package

CONV Convert

L Pin 15

Analog [nput

The TDC1014 uses strobed latching comparators which cause
the input bias current to vary by approximately 5% with the
convert (CONV) signal. This variation is “Igp, clock synchronous
bias current.” The comparators also cause the input impedance,
resistive and capacitive, to vary with the signal level, as
comparater 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

signal will not damage the TDC1014 if it remains within the
range of Vgp to +0.6V. If the input signal is between the VRT
and VRp 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.

Name Function

Value J7, BT Package

Vi Analog Signal Input

0V to -1V Pins 17,18, 21

Outputs

The outputs of the TDC1014 are TTL compatible, capable of
driving four low-power Schottky TTL (64/74 LS} unit loads or
the equivalent. To improve rise time of outputs, it is
recommended that the 2.2 kOhm pull-up resistors to Vg be

connected to data outputs. The outputs hold the previous data
a minimum time {tyg) after the rising edge of the CONV
signal.

Name Function Value J7, B7 Package
0 MSB Output L Pin 9
Dy T Pin 10
Dg m Pin 11
04 T Pin 12
Dg T Pin 13
D LSB Output 1 Pin 14
No Connects
There are several pins labeled No Connect {NC), which have no
connections to the chip. Connect these pins to Agnp for noise
reduction.
Name Function Value J7, B7 Package
NC No Connection AgND Pins 2,3, 23, 24

D 30
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Figure 1. Timing Diagram
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Supply Voltages

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

I N-A

Vg (measured to Dgnp) 00 to +7.0V

Vg (meesured to Agyp! 0.0 to -7.0V

Agnp {measured to Dgnp) ~10t0 +1.0V
Input Voltages

CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V

ViN. VRT: VRg {measured to Agyp) +05 to VggV

Vgt (measured to Vpg) +22 10 =22V
Qutput

Applied voltage (meesured to Dgyp) -05 to 652

Applied current, externally forced -1.0 to 6.0mA34

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 -85 to +150°C
Notes:

1. Absolute maximum ratings are limiting values applied individually while all other paramsters are within specified operating conditions.
Functional operation under any of these canditions 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

D 32

sttt

Temparature Ranga

Standard Extended
Paramater Min Nom Max Min Mom Max Units
Voo Positive Supply Voltage (Measured to Dgnp) 475 5.0 5.2 45 50 58 )
Vee Negative Supply Voltage (Measured to Agyp! -5.15 -60 -625) -575 -60 8% | Vv
VagNp  Analog Ground Voltage (Measured to Dgp) -0.1 00 0.1 -0.1 00 0.1 )
WL CONV Pulse Width, LOW 19 13 ns
towH CONV Pulse Width, HIGH 15 15 ns
ViL Input Voitege, Logic LOW 08 08 v
Vi Input Voltage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 40 40 mA
loH QOutput Current, Logic HIGH -400 -400 uA
Var Most Positive Reference tnput! -11 0.0 0.1 -1 0.0 0.1 )
VB Most Negative Reference Input! -09 -10 =21 -0.9 -10 -21 v
VRr-Vgg Voltage Reference Differential 08 10 12 08 10 12 v
Vin Input Voltage Veg VR VR Var )
Ta Ambient Temperature, Still Air 0 0 °
Tc Case Temperature -85 125 °C
Nate:

1. VR Must be more pasitive than Vpg, and voktage reference differential must be within specified range.

LS| Products Division
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Electrlcal characteristics within speclﬁed operatmg condmons

Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
loc  Positive Supply Current Voo = MAX, static ! 30 30 mA
ltg  Negative Supply Current Veg = MAX, static |

Tp = 0°Cto 70°C -150 mA

Tp = 70°C -10 mA

Tg = -55°C to 125°C -180 mA

Tg = 125°C -100 mA
Inge  Reference Current VRT. VRg = NOM 20 8.0 20 80 mA
RRer Total Reference Resistance 125 500 125 500 Ohms
Ry Input Eguivalent Resistance VRT. VRg = NOM, Viy = Vpg 2 2 kOhms
Cy  Imput Capacitance 75 75 pF
lcg  Input Constant Bias Current Veg = MAX 150 150 uh
lsg Input Clack Synchronous Bias 20 2 uhA
I Input Current, Logic LOW Vee = MAX, V) = 05V -20 -20 mA
I Input Current, Logic HIGH Voo - MAX, V) = 24V 75 75 uA
] Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 mA
VgL Output Voltage, Logic LOW Voo = MIN, Igp = MAX 05 05 v
Voy  Output Voltage, Logic HIGH Voo = MIN, Igy = MAX 24 24 v
los  Short Circuit Output Current Vee = MAX, Output HIGH, one pin to ground, 25 25 mA

one second duration.

C,  Digital Input Capacitance Tp = 25°C, F = IMHz 15 15 pF
Note:

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

Switching characteristics within speeified operatmg conditicns

Temperature Range

Standard Extended

Paramater Test Conditiens Min Max Min Max Units
Fg Maximum Conversion Rate Vg = MIN, Vgg = MIN 25 25 MSPS
tg7g  Sampling Time Offset Voo = MIN, Vge = MIN -2 10 -3 12 ns
tp Digital Output Delay Vg = MIN, Vgg = MIN Load 1 38 35 ns
typ  Output Hold Time Voe = MIN, VEg = MIN Load 1 15 15 ns

LS! 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
Eyy  Linearity Error Integral, Independent Vgt VRg = NOM 04 04 %
Ep  Linearity Error Differential 04 04 %
Q Code Size VRr. VRg = NOM 50 150 50 150 % Nominal
Egy  Offset Emor  Top VIN = VRT 30 30 mV
Egg  Offset Error  Bottom ViN = Vs -2 - mV
Tpp  Offset Emor  Temperature Coefficient +100 +100 uviee
BW  Bandwidth, Full Power Input 1 12 MHz
tyg  Transient Response, Full Scale 2 20 ns
SNR  Signal-to-Noise Ratio 10MHz Bandwidth,

25MSPS Conversion Rate

Peak Signal/RMS Noise 1.248MHz Input “ 44 dB
2.438MHz Input 43 43 dB
RMS Signal/RMS Noise 1.248MHz Input 35 35 dB

2438MHz Input k) ki d8
NPR  Noise Power Ratio DC to 8MHz White Noise Bandwidth 28 26 a8

4 Sigma Loading

1.248MHz Siot

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 -1.0080V FS NMINV = 1 0 0 1
158730 mV STEP 16.0000 mV STEP NLINV = 1 0 1 0
00 0.0000V 0.0000V 000000 mm 100000 o1nm
0 -00153v -0.0160V 000001 1110 100001 011110
L] L ] L] . L] L] L]
L] . L] L[] L[] L] L]
L] [ ] L] L] * L] L]
kil -0.4921v -0.4360vV onm 100000 Hnm 000000
2 -0.5079v -0.5120V 100000 01 000000 mm
kK] -05238V -0.5260v 100001 011110 000001 11110
L] L] L] L] L] L] L]
L] L] L] L] L] * .
L] L] L] L] L] L] L]
62 -0.9841V -0.8820v 1110 000001 011110 100001
63 -1.000v -1.0080V mm 000000 o1 100000

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

LSI Products Division
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Calibration

To calibrate the TDC1014, adjust VRT and VRR to set the 1st
and 63rd thresholds to the desired voltages. Note on the block
diagram that Ry is greater than R, ensuring calibration with a
positive voltage on Ry. Assuming a OV to -1V desired range,
continuously strobe the converter with ~0.0073V on the analog
input, and adjust VRT for output toggling between codes 00

and 01. Then apply -0.9921V and adjust Vpg for toggling
between codes 62 and 63. Instead of adjusting Vgt, RT can
be connected to analog ground and the OV end of the range
calibrated with a buffer offset contral. Rg is a convenient point
for gain adjust that is not in the analog signal path. These
techniques are employed in Figure 5.

Typical Interface Circuit

The Typical Interface Circuit in Figure 5 shows a simple buffer
amplifier and voltage reference circuit that may be used with
the TBC1014. 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 A/ID 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 TDC1014 is generated by
amplifier U3 and PNP transistor Q1 which supplies the
reference current. System gain is adjusted by varying RS which
controls the reference voltage level to the A/D converter.

Input voltage range and input impedance for the circuit are
determined by resistors R1 and R2. Formulas for calculating
values far these input resistors are:

1
R1 -<—m——-)—_1_
Ziy/ 1000
and
1000 Rt
R2 = Z)y - —-——>
1000 + R

where VR is the input voltage range of the circuit, Zjy 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.

Figure 5. Typical Interface Circuit
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Ordering Information'

Product Temperature Range Screening Package Package
Number Marking
TDC1014J7C STO-Tp = 0°C to 70°C Commercial 24 Lead DIP 1014470
TDC1014J7G ST0-Tp = 0°C to 70°C Commercial With Burn~in 24 lead DIP 1014476
TDCI014J7F EXT-Tp = -55°C to 125°C Commercial 24 Lead DIP 0IAJTF
TOCI014J7A EXT-Tp = -55°C to 125°C High Reliability? 24 Lead DIP 1014J7A
TDC1014B7C STD-Tp = 0°C to 70°C Commercial 24 Lead CERDIP 1014B7C
TDC1014B7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead CERDIP 1014876
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 TOC1046 for new designs.
2. Per TRW document 70201757

LSI Products Division
D 36 TRW Electronic Companents Group



TDC1019 = =
Preliminary Information ¥ IXwWy

Monolithic Video A/D Converter
9-bit, 18MSPS
The TRW TDC1019 is an 18 MegaSample Per Second (MSPS) o Sample-And-Hold Circuit Not Required
full-parallel (flash} analog-to-digital converter, capable of o Differential Phase 1.0 Degree
converting an analog signal with full-power frequency . e 9
components up to 5MHz into 9-bit digital wards. A * D!fferem!al Gain 2.0%
sample-and-hold circuit is not required. All digital inputs ang @ Differential ECL Interface
outputs are differential ECL. o Sefectable Qutput Format
_ _ o Single -5.2Y Power Supply
The TDC1019 consists of 512 clocked latching comparatars, o Available in 64 Lead DIP, 68 Contact Chip Carrier Or 68
combining logic, and an output buffer register. A single convert Leaded Chip Carrier !
signal controls the conversion operation. The outputs can be R X
connected to give either true or inverted qutputs in binary or Evaluation Board ~ TDCT019E1C
offset two's complement coding. .
Applications
Features o Video Data Conversion
o J-Bit Resolution ® Radar Data Conversion
o 18MSPS Conversion Rate, TDC1019-1 e Data Acquisition
o 15MSPS Conversion Rate, TDC1019 o (R Processors
e Qverflow Flag
Functional Block Diagram oo }— N
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Functional Block Diagram
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Functional Description

General Information

The TDC1019 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 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 off). The

encoding logic converts the N-of~512 code into binary data.
The output latch holds the output constant between updates.

Power

The TDC1019 operates from separate analog and digital power
supplies, VEgA and VEEp, respectively. Since the required
voltage for bath VEgp and VEpp is -5.2V, they may ultimately
be connected to the same power source, but separate

decoupling for each supply is recommended. The return for the
current drawn from VEgp and VEpa is Dgnp and AgND.
respectively. All power and ground pins must be connected.

Name Function Value J1 Package C1, L1 Package
VErA Analog Supply Voltage ~52V Pins 46, 48, 51 Pins 14, 16, 18, 20, 21
Veep Digital Supply Voltage -5V Pins 43, 54 Pins 13, 22

Dgno Digital Ground 0.0V Pins 4, 7, 26, 27 Pins 41, 65

AGND Analog Ground 0.0v Pins 13, 14, 19, 20, 40, 57 Pins 9, 27, 48, 49, 55, 57

Reference

The TDC1019 converts analog signals in the range

VRB << VN << VRT into digital form. VRp fthe 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
resistar chain) should be between +0.1V and -2.3V. VRt
should be mare positive than VRg within that range. The
voltage applied across the reference resistor chain (VRT-VRp)
must be between 1.8V and 2.2V. The nominal voltages are
VRT = 0.0V and Vg = -2.0V. Parasitic resistances, Ry and
Ry, introduce offsets at the top and bottom of the reference
resistor chain. Sense points Ryg, Rgg and OFS may be used
to nulf out these offsets. Note that Ry is greater than R,
ensuring that a positive voltage is required at Ry. Rg, R4 and

Ry are not designed to carry the reference current. QverFlow
Sense (OFSH may be used to null out offsets at the overflow
{most positive] comparatar whenever the OVerFlow (OVF] 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
not varied, a bypass capacitor is recommended. A midpoint
tap, Ry, 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 (RT, Rys, R, RS, OFS), may result in encoding errars.

Name Function Value J1 Package C1, L1 Package
Ry Reference Resistor (Top) DoV Pin 10 Pin 59

Rrs Reference Resistor (Top) Sense 0.0v Pin 8 Pin 62

Rg Reference Resistor (Bottom) -2V Pin 24 Pin 44

Rgg Reference Resistor (Bottom) Sense -20v Pin 25 Pin 43

Rag Reference Resistor (Midpoint) -1V Pin 17 Pin 62

OFS OverFlow Sense 0.0V Pin § Pin 61

LS! Products Division
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Convert

The TDC1019 requires a differential CONVert (CONV and CONV)
signal. A sample is taken (the comparators are latched)
approximately 10ns after the rising edge of the CONV signal.
This time is tgTQ, 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 f(iitter] in sampling
offset time is less than 100 picoseconds. The 512 to 9
encoding is performed on the falling edge of the CONV signal.

The coded result is transferred to the output latches on the
next rising edge. Data is held valid at the output register for
at least tyg, Output Hold Time, after the rising edge of CONV.
New data becomes valid after a Digital Qutput Delay, tp, time.
In a synchronous system data for sample N is acquired by the
external circuitry while the TDC1019 is taking input sample
N+ 2

Name Function Valus J1 Package C1, L1 Package
CONV Convert ECL Pin § Pin 64
OV Convert, Complement ECL Pin § Pin 63

Analog Input

The TDC1019 uses strobed latching comparators which cause
the input impedance, resistive and capacitive, 1o 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

signal will not damage the TDC1019 if it remains within the
range of VEga to +0.5V. If the input signal is between the
VRT and VRg references, the output will be a binary number
between 0 and 511 inclusive. All five analog input pins must
be connected.

Name Function

Value J1 Package C1, L1 Package

Vin Analog Signal Input

0V to -2V Pins 12, 15, 16, 18, 22 Pins 46, 50, 53, 54, 58

Outputs

The outputs of the TDC1019 are differential ECL levels. The
recommended load is 500 Ohms to -2V. For optimum
operation over the full temperature range, differential fine
receivers should be used. An OVerFlow (OVF) signal indicates

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

Name Function Value J1 Package C1, L1 Package
Dy MSB Output ECL Pin 30 Pin 38
Dy MSB.Qutput Complement ECL Pin 31 Pin 37
Dy ECL Pin 32 Pin 36
) EcL Pin 33 Pin 35
D3 ECL Pin 34 Pin 34
Dy ECL Pin 35 Pin 33
Dy ECL Pin 36 Pin 32
Dy ECt Pin 37 Pin 31
Dg ECL Pin 58 Pin 7
Dg ECL Pin 59 Pin B
Dg ECL Pin 60 Pin 5
i ECL Pin 61 Pin 4
Dy ECL Pin 62 Pin 3
D'j ECL Pin 63 Pin 2
Dg ECL Pin 64 Pin 1
ﬁé ECL Pin 1 Pin 68
Dg LSB Output ECL Pin 2 Pin 67
Dy LSB Output Complement ECL Pin 3 Pin 86
OVF Overflow Output ECL Pin 28 Pin 40
OvF Overflow Qutput Complement ECL Pin 29 Pin 39

D 40
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No Connects
There are several pins labeled No Connect (NC). These pins
should be left open.
C1, L1 Package

Name Function Value J1 Package
Pins 8, 10, 11, 12, 15, 17, 19, 23, 24,

NC No Connect Open Pins 11, 21, 23, 38, 38, 41, 42, 4,
45, 47, 49, 50, 52, 53, 55, 56 26, 28, 29, 30, 42, 45, 47, 51, 56, 60

Figure 1. Timing Diagram
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Absolute maximum ratings (heyond which the device will be damaged)!
Supply Voltages
Vegp (measured to Dgyp). +05 to -7.0V
VEga (measured to Agyp) +05t0 ~7.0V
AgNp {measured to Dgpp) +10 to -1.0V
VEga (measured to Vpep) +05 to -05V
Input Voltage
CONV. CONV (measured to Dgyp) +05 to VgV
Vi VRr. Vg § d to Agnp) +05 to VggV
VRt (measured to Vgg! +25 to -25V
Outputs
Short circuit duration (single output to GND) Indef
Temperature
Operating, case. -60 to +140°C
junction, +175°C
Lead, soldering (10 seconds) +300°C
Storage -85 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
Veen Digital Supply Voktage (measured to Dgp -49 -52 -55 v
Vega Analog Supply Voltage (measured to Agyp! -49 -62 -55 )
VAGND Analog Ground Voltage (measured to DGND) -0.1 00 +0.1 v
Veea—Veep  Supply Voltage Differential -01 00 +0.1 v
towL CONV Pulse Width, LOW Standard 25 ns

-1 Version 2 ns
tPWH CONV Pulse Width, HIGH Standard 2 ns

—1 Version 28 ns
iL Input Voltage, Logic LOW -14 v
Viy Input Voltage, Logic HIGH -10 v
VRt Most Positive Reference Input! -01 00 +0.1 v
Vg Most Negative Reference Input! -19 -20 211 v
VRr-Vgg  Voltage Reference Differential 18 20 22 v
Vin Input Voltage VR VRt )
Ty Ambient Temperature, Still Air? 0 +70 °C
Notes:

1. Vg7 must be more positive than Vpp, and voltage reference ditferential must be within specified range.
2. 800 LFPM. moving air required above 50°C.

LSI Products Division
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Electrical characteristics within specified operating conditions

Temperature Range
. Standard

Parameter Test Conditions Min Max Units
Igg Supply Current Veep: VEea = MAX

Tp = 0°C to 70°C -850 mA

Tp = 50°C -125 mA

Ty = 70°C (500 LFPM) ~700 mA
IREF Reference Current Va1 VRg - NOM 10 38 mA
Rpep Total Reference Resistance 56 200 Ohms
RiN Input Equivalent Resistance VRT. Vrg = NOM, Vi - Vgg 20 kOhms
Cin Input Capacitance Va1, VRg = NOM, Vi = VRg 280 pF
Ics Input Constant Bias Current VEga = MAX, Vjy = 0.0V 750 A
I Digital Input Current Vegp = MAX, Vj = -0V 150 UA
VoL Qutput Voltage, Logic LOW Veep = NOM, Ig; = Test Load' -18 v
Vo Output Voltage, Logic HIGH Vggp = NOM, lgy = Test Load' ~0.85 v
C Digital Input Capacitance Ty = 55°C, F = TMH: 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
" Fg Maximum Conversion Rate VEen. VEea = MIN Standard : 15 MSPS
Veen, Veea = MIN -1 Version 18 MSPS

tstg  Sampling Time Offset VEeD. Vega = MIN 0 15 ns

g Output Delay Vegn, Veep = MIN, Load! 35 ns

tyg  Output Hold Time Veeo, Vega = MIN, Load 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
B Linearity Error Integral, Independent VRt Vg = NOM 0.3 %

Var. VR = NOMT, toyy = 28ns 0.15 %
Ep Linearity Error Differential Vet VRg = NOM 0.15 %
0 Code Size VR Vg = NOM 15 185 % Nominal
Egyg  Offset Eor  Top VIN = VRt Ryg Connected t4 mV
Egr  Offset Eor  Top Vin = VRt +40 mV
Epgs  Offset Error  Bottom Vin = Vrg, Rpg Connected +4 mv
EGB Offset Error  Bottom va - Vg -40 mV
Tog  Offset Error  Temperature Coefficient 20 uviec
YR Transient Response, Full Scale 20 ns
BW Bandwidth, Full Power Input 5 MHz
SNR Signal-to - Noise Ratio 5MHz Bandwidth,

1BMSPS Conversion Rate

Peak Signal/RMS Noise 1.25MHz Input 52 dB
2.438MHz Input 4 dB
RMS Signal/RMS Noise 1.25MHz Input LX] dB

2.438MHz Input L4} d8
Eap Aperture Error 100 ps
0P Differential Phase -2 4 x NTSC Subcarrier 10 Degrees
DG Differential Gain -2 4 x NTSC Subcarrier 20 %
Notes:

1. Voltage at midpoint (Ryl adjusted.
2. In excess of quantization.

LS| Products Division
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Qutput Coding

Binary Offset Two's Complement
Step Range True Inverted True Inverted
~2000V F§ -2.0440V FS All Qutputs 04 Inverted Dy-Dg Inverted
3.9138 mV Step 4,000 mV Step Inverted
000 0.0000v 0.0000vV 000000000 nmmnm 100000000 omnim
001 0.0038v 0.0040v 000000001 11111110 100000001 01111110

L] L] L ] [ ] L] L] L

L] L] L] L] . [ ] L]

L] L] L] L] L] L] L]
255 0.9980V 1.0200v omnm 10000000 mnm 000000000
256 1.0020v 1.0240v 100000000 omum 00000000 mmm
257 1.0058V 1.0280v 100000001 01111110 00000001 ninnmo

L] [ ] L] L] L] L] L]

L[] L] L] L ] [ ] L] L]

L ] L] L] L] [ ] . .

510 1.9961V 1.9980V 111111110 000000001 011o 100000001
511 2.0000v 20200V mmm 000000000 o 100000000
Notes:

Calibration

To calibrate the TDC1019, adjust VRT and VRg to set the st
and 511th thresholds to the desired voitages. Note that Ry is
greater than R, ensuring calibration with a positive voltage on
RT. 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
~1.9980V and adjust VRg for toggling between codes 510 and

LSI Products Division
TRW Electronic Components Group

1. Any output may be inverted by interchanging connections to the true (Dy) and complement ([TND output pins.
2. Voltages are code midpoints when calibrated by the procedure given below.

511. The Overflow flag is calibrated similarly to VRT except
that the canverter input is set 1 LSB mare 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 contral.
Rp 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
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Parts List
Resistors Capacitors Integrated Circuits
R1 ! C1 0.1uF 50V Ut TRW TDC1019
R2 80691 14w 2% c2 20uF 50V U2 Plessey SL541C
R3 1.0KQ "W 2% C3 0.1uF 50V U3 MC4741
R4 42KQ 1MW % C4 0.1uF 50V U4 MC1403
RS 202 w Multiturn Cermet Pot C5 0.1uF 50V U5 MC10116
R6 100092 w 5% (] 1.0pF 1ov
R1 12000 w 5% c1 0.0uF 10V .
RE 1000 W 5% 08 (See Note 2 Transistors
R9 2062 W 2% 9 {See Note 2)
R0 (See Note 2 ¢ OIpF 50V ar - 2Nsesf
R 20KQ W Muttiturn Cermet Pot C1 DApF 50V Q2 N0
R1Z  20KQ 1w Muttiturn Cermet Pot €12 0IuF 50V
R KR " % €3 O 50V Diodes
R4 0.0k "MW 2% c14 0.1uF 50V
R15 20KQ "WV 2% C15 0.1pF 50V D1 14001
R18 20KQ W 2% cie 0.1uf 50V
R17 750K 1w 2%
Notes:

D 4§

1. Selected for desired input impedance and voltage range.

2. Selected for amplifier compensation.
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1019J1C STB-Tp = 0°C to 70°C Commercial 64 Lead DIP 1019J1C
TDC1018J1C1 ST0-Tp = 0°C to 70°C Commercial 64 Lead DIP 1019J1C1
TOC1019J1G STD-Tp, = 0°C to 70°C Commercial With Burn~1In 64 Lead DIP 101916
TDC1019J1G1 STD-Tp, = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1013161
TDC1019C1C STD-Ty = 0°C to 70°C Commercial 68 Contact Chip Carrier 1018C1C
TDC1018C1C1 STD-Tp, = 0°C to 70°C Commerical 68 Contact Chip Carrier 1019C1C1
TDC1018C1G STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 1013C1G
TDC1D19C1G1 STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 1013C161
TDC1018LIC STO-Tp = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1018L1C
TOC1019L1C1 STD-Tp = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1019L1C1
TDC1013L1G STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Leaded Chip Carrier 1019L1G
TOC1019L1G1 STD-Ty = 0°C to 70°C Commercial With Burn-In 68 Leaded Chip Carrier 1019L1G1

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

athers.

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 Praducts Division
TRW Electronic Components Group
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Monolithic A/D Converter
4-hit, 25MSPS

The TRW TDC1021 is a 26 MegaSample Per Second (MSPS) Features

full-parallel (flash} analog-to-digital converter, capable of o I_Ri .

converting signals with full-power frequency components up to 4-Bit RBSO|.UIIOn.

10MHz into 4-bit digital words. A sample-and-hold circuit is @ +1/4 LSB Linearity

not required. Al digital inputs and outputs are TTL compatible. ~ e Sample-And-Hold Circuit Not Required
e TTL Compatible

o 25MSPS Conversion Rate

The TDC1021 consists of 15 clocked latching comparators,
combining logic, and an output buffer register. A single convert

signal contrals the conversion operation. The unit can be ° Selectable Output Format
connected to give either true or inverted outputs, in binary or @ Available In 16 Lead DIP
offset two’s complement coding. * Standard/Extended Temperature Range

Note: TRW recommends the use of the TDC1044 for new Applications

designs. ‘ .
o Video Special Effects

® Radar Data Conversion

o High-Speed Multiplexed Data Acquisition
& Medical Imaging

® Image Processing

Functional Block Diagram
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Functional Block Diagram
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Pin Assignments
Agnp 1 16 CONV
Vm 2 15 Dy (LSB)
NC 3 14 Dg
Ry 4 13 Dy
Rg § 12 Dq (MSB)
Veg 6 11 Dgnp
NLINV 7 10 Vcc
Ry 8 9 NMINV

D 50

16 Lead DIP - J9 Package
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Functional Description

General Information

The TDC1021 has three functional sections: a camparator array,
encoding logic and output latches. The comparator array
compares the input signal with 15 reference voltages to
praduce 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 he offl.

The encoding lagic 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.

Power

The TDC1021 operates from two supply voltages: +5.0V which
is referenced to Dgnp. and -6.0V which is referenced to
AgNp- All power and ground pins must be connected.

Name Function Value J9 Package
Vee Positive Supply Voltage +50V Pin 10
Vee Negative Supply Voitage -60v Pin 6
DgnD Digital Ground o.ov Pin 11
Agnp Analog Ground 0.0V Pin 1

Reference

The TDC1021 converts signals in the range VRg << VN << VRT
into digital form. Vg [the voltage applied at the bottom of the
reference resistor chain) and VRt (the voltage applied to the
pin at the top of the reference resistor chain} should be
between +0.1V and -2.1V. VRt should be more positive than
VRpg within that range. The valtage applied across the
reference resistor chain (VRT-VRg! must be between 0.4V 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 10MHz. Due to variation in
the reference currents with clock and input signals, RT and Rp
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 AGC circuit), 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 voitage to offset the analog input. If VR
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.

Name Function Value J9 Package
VRt Reference Resistor (Top) 0.04v Pin 4
VEm Reference Resistor (Middle) -05v Pin 8
Vs Reference Resistor (Bottom) -1.04v Pin §

LSI Products Division
TRW Electronic Components Group
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Control

Two function contral pins, NMINV and NLINV are provided. Output Coding table. These pins are active LOW, as signified
These controls are for OC fi.e., steady state) use. They permit by the prefix “N” in the signal name. They may be tied to
the output coding to be either binary or offset two's Ve for a logic “1” and Dgnp for a logic “0.”

complement, in either true or inverted sense, according to the

Name Function Value J9 Package
NMINV Not Most Significant Bit INVert T Pin 9
NUNV Not Least Significant Bit INVert T 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 tg7Q, Sampling
Time Offset. This delay varies by a few nanosecands 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

the next rising edge. Data is held valid at the output register
for at least tyq, 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
TDC1021 is taking input sample N+2,

Name Function

Value J9 Package

CONV Convert

T Pin 16

Analog Input

The TDC1021 uses strobed latching comparators which cause
the input bias current to vary by approximately 5% with the
convert {CONV) signal. This variation is “Igg, clock synchronous
bias current.” 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

be less than 25 Ohms. The input signal will not damage the
TDC1021 if it remains within the range of VEg to +0.5V. If the
input signal is between the the VRT and Vpp references, the
putput 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.

Name Function

Valus J9 Package

ViN Analog Signal Input

Wit - Pin 2

Outputs

The outputs of the TDC1021 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 Vg be

connected to data outputs. The outputs hold the previous data
a minimum time {tyg) after the rising edge of the CONV
signal.

Name Function Value J9 Package
D4 MSB Output TIL Pin 12
0y m Pin 13
03 TiL Pin 14
Dy LSB Output TiL Pin 15

D 5
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No Connects

Pin 3 of the TDC1021 is labeled No Connect (NCI, and has no

connection to the chip. Connect this pin to Agnp for noise

reduction.
Name Function Value J9 Package
NC No Connect AGgND Pin 3
_
Figure 1. Timing Diagram
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Figure 4. Qutput Circuits
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Absolute maximum ratings {beyond which the device will be damaged) !
Supply Voltages
Vg (measured to Dgyp) -05to +7.0V
Veg (measured to Agyp) +05 to -7.0V
Agnp (measured to Dgyp) +10 to -1.0V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp! -05 to +5.5V
Vine VRT. VRg d to Agnp! +05 to VEEV
Vg (measured to Vgg) +22 10 2.2V
Output
Applied voltage (measured to Dgyyp) -05to +7.0v 2
Applied current, externally forced -10 to +60 mA 34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, ambient -60 to +150°C
junction +175°C
Lead, soldering (10 sec.) +300°C
Storage -65 to +160°C
Notes:

Operating conditions

1. Absolute maximum ratings are limiting values applied individually while

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.

all other parameters are within specified operating conditions.

Temperature Range

Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vee Positive Supply Voltage (Measured to Ogyp) 475 50 5.25 45 50 5.5 v
Vee Negative Supply Voltage (Measured to Agyp) -5.75 -6.0 -6.25 -5.75 -60 -6.25 v
Vagnp  Analog Ground Voltage {Measured to Dgpp) -0.1 00 0.1 -0.1 00 0.1 v
tpwL CONV Pulse Width, LOW 19 19 ns
tPWH CONV Pulse Width, HIGH 15 15 ns
iL Input Voltage, Logic LOW 08 08 v
Vin Input Voltage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 40 40 mA
loy Output Current, Logic HIGH -400 -400 uA
VRt Most Positive Reference Input’ -19 00 0.1 -19 00 01 v
Vg Most Negative Reference Input -21 -10 -0.1 =21 -01 -0.1 v
VRr-Vge Voltage Reference Differential 0.2 10 20 0.2 10 20 v
Vin Input Voltage VRs VRt VRg VRt v
Ta Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature -55 1256 °C
Note:

D 54

1. Vg7 must be more positive than Vg 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
lcc  Positive Supply Current Vee = MAX, static! 35 3% |mA
lgg  Negative Supply Current VEp = MAX, static ! -60 -60 mA
Ier  Reference Current VR, VpB = NOM 40 40 fmA
Rpgr  Total Reference Resistance 250 250 Ohms
Ry Input Equivalent Resistance VR, VRg = NOM, Viy = Vgg 60 60 kOhms
Cpy  Input Capacitance % 25 |pF
lcg  Input Constant Bias Current Ve = MAX 2 30 |uA
Isg  Input Clock Synchronous Bias 5 5 uh
i Input Current, Logic LOW Voo = MAX, V) = 05V -20 -20 |mA
Iy Input Current, Logic HIGH Voo = MAX, V) = 24V 75 75 uh
| Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 |mA
VoL Output Voltage, Logic LOW Voo = MIN, IgL = MAX 04 04 Vv
VUH Output Voltage, Logic HIGH Vcc = MIN, IUH - MAX 24 24 v
lgs  Short Circuit Output Current Voo = MAX, Output HIGH, one pin to ground, -25 -25 mA
one second duration
C Digital Input Capacitance Tp = 25°C, F = IMHz 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
Fg Maximum Conversion Rate Voo = MIN, Vge = MIN 25 25 MSPS
tgro  Sampling Time Offset Vee = MIN, Vg = MIN 10 15 | ns
tg  Output Delay Voo = MIN, Vg = MIN Load 1 3 3B | ns
typ  Output Hold Time Vee = MIN, Vge = MIN Load 1 5 5 ns
LSI Products Division
TRW Electronic Components Group D 5




TDC1021 724

System performance characteristics within specified operating conditions
m

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max | Units
Ely  Linearity Error Integral, Independent Var, VRg = NOM 18 18 |%
Elp  Unearity Error Differential 16 16 |%
a Code Size VRT VRg = NOM 50 150 50 180 | % Nominal
Egr  Offset Eror  Top ViN = Var 50 5 |mv
Epp _ Offset Eror  Bottom ViN = VB 50 5 fmv
Teo  Offsst Eror  Temperature Coefficient +100 100 |puvieC
BW  Bandwidih, Full Power Input 10 10 MHz
trn  Transient Response, Full Scale 2 2 ns
Epp  Aperture Error 50 50 ps

Output Coding

*—__—_—
Binary Offset Two's Complement
Step Range True Inverted True Inverted
~1.0000v FS -0.960V FS NMINV = 1 0 0 1
66.687 mV STEP 64.000 mV STEP NLINV = 1 0 1 0
00 0.000v 0.000v 0000 m 1000 om
0 -0.067V -0.064V 0001 10 1001 0110
02 -0.133v -0.128v 0010 101 1010 0101
03 -0.200V -0.182v 0on 1100 1M 0100
04 -0.261V -0.256V 0100 om 1100 001
05 -0.333v -0.320v 0101 1010 1101 0010
06 -0.400v -0.304V 0110 100 1110 0001
07 -0.467V -0.448V om 1000 1m 0000
08 -0533v -0512V 1000 0m 0000 m
09 -0.600V -0.576V 1001 0110 0001 1mo
10 -0.667V -0.640V 1010 0101 0010 101
1 -0.733V -0.704V 101 0100 001 1100
12 -0.800v -0.768V 1100 0011 0100 101
13 -0.867V -0.832v 10 0010 0101 1010
14 -0.933v -0.836V 110 0001 0110 1001
15 -1.000v -0.980V m 0000 0 1000

NMINV and NLINV are to be considered OC controls. They may be tied to Vg for @ logical “1” and tied to digital ground for & logical “0."

LS| Preducts Division
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Calibration Typical Interface Circuit

To calibrate the TDC1021, adjust VRT and VRg to sst the 1st  Figurs & shows a typicel interface circuit. In this circuit the
and 15th thresholds to the desired voltages. Assuming 8 OV to  input has the range of 0.067V to -0.833V. The rangs is the
~1.0V desired range, continuously strobe the converter with difference batwesn the voltages at which the transition from
-0.0338V on the analog input, and edjust VRT for output code 0 to cods 1 occurs and the transition from cods 14 to
toggling betwsen codes 00 end 01, Then epply ~0.9686V and 15 occurs, +1 LSB. This extra LSB is produced when the
adjust VRp for toggling between codes 14 end 15. Instead of  enelog to digital converter is calibrated with the transition from
adjusting VRT, RT can be connected to analog ground end the the 0 code to the 1st code occurring 112 LSB away from

0V end of the range calibrated with en enelog input buffer ground, end the transition from the 14th to 16th codes
offset control. Rg is & convenient point for gain adjust that is  occurring 1/2 LSB eway from full-scals. If & range fram
not in the anelog signal path. 0.000V to 1.000V is required, then VRT must be edjusted (see

calibration] and another buffer circuit added.

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

Figure 5. Typical Interface Clrcult
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Parts List
Resistors Capacitors Integrated Circuits
Rl 20KQ 1AW Muttitum Cermet Pot €1 10 pF v ut TRW TDC1021
R 2LKQ " % ) 1 pF v U2 741 Op-Amp
A3 2LBKQ " % e} 0.1 pF 50V U3 Motorola MC1403U

R4 22K 1AW 5% c4 0.1 pF 50V
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Ordering Information'

—

Product Temperature Range Screening Package Package
Number Marking
TDC10219C ST0-Tp = 0°C to 70°C Commercial 16 Lead DIP 1021J9C

TDC1021.9G STD-Tp = 0°C to 70°C Commercial With Burn-In 16 Lead OIP 102196

TDC1021J5F EXT-Tg = -55°C to 125°C Commercial 16 Lead DIP 1021J9F

TDC1021.9A EXT-Tg = -55°C 10 125°C High Reliability 16 Lead OIP 1021494

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 70Z01757.

LS! Products Division
D 58 TRW Electranic Components Group



TDC1025 -
Preliminary Information 4 INwy

Monolithic A/D Converter
8-bit, 50MSPS

The TRW TDC1025 is a 50 MegaSample Per Second (MSPS) e Sample~And-Hold Circuit Not Required
full-parallel ﬁlashll ana!og-'to—_t:,ig;tj’l convertefr. capable of o Differential Or Single-Ended ECL Compatible
converting an analog signal with full-power frequency ——

components up to 12MHz into 8-bit digital words. A * Smgle 52V Power Supply . )
sample-and-hold circuit is not necessary. All digital inputs and  ® Available In 68 Contact Or Leaded Chip Carrier
outputs are ECL campatible. e Evaluation Board - TDC1025E1C

The TDC1025 consists of 255 latching comparators, combining Applications
logic, and an output register. A differential ECL convert signal ' .
controls the conversion operation. The digital outputs will ¢ Me.dlcal E'ECI'O”’?S
interface with differential or single-ended ECL. The device ® Fluid Flow Analysis
requires a single -5.2V power supply. o Seismic Analysis

® Radar/Sonar

® Transient Analysis

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

Features

Functional Block Diagram
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Rgs A COMPARATORS
Rg VWA
]
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La Jolla, CA 82038
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Functional Block Diagram
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68 Contact Or Leaded Chip Carrier - C1, L1 Package
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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 (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
encoding logic converts the N-of-255 code into binary format.
The output latch holds the output constant between updates.

Power

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

the VEgp supply, is DgND. The return for Igga, the current
drawn from the Vgga 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 cannected.

Name Function Value Ct, L1 Package
VErD Digital Supply Voltage -5V Pins 7, 29

VEgA Analog Supply Voltage -52v Pins 13, 14, 16, 18, 20, 22, 23
Denp Digital Ground a.ov Pins 8, 28, 39, 64

AgND Analog Ground 0.0v Pins 46, 50, 55, 58

Reference

The TDC1025 converts analog signals in the range

VRB << V|N << VR into digital form. VRp (the 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 +0.1V and -2.1V. VRT
should be mare positive than VR within that range. The
voltage applied across the reference resistor chain (VRT-VRp!
must be between 1.8V and 2.2V. The nominal valtages are
VRT = 0.0V, Vgg = -2.0V.

Twao sense paints, Atg and Ags, may be used to minimize the
offset errors and temperature sensitivity. With sensing, resistors
R1 and Ry las shown in the Functional Block Diagram) are
contained within the feedback loop, and no longer contribute
to the offset error. The remaining offset errors, EgTg and
Eggs. can be eliminated by the calibration method discussed
under Calibration. The temperature sensitivity of this remaining
offset error is specified by tggs, Temperature Cosfficient,
Sensed. The sense resistors, R3 and Ry las shown in the
Functional Block Diagram) are approximately 1 kOhm. These
resistars 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.

LS| Products Division
TRW Electronic Compaonents Group

A midpoint tap, Ry, allows the converter to be adjusted for
optimum finearity, although adjustment is not necessary to
meet the linearity specification. It can also be used to achieve
a non-linear transfer function. The circuit shown in Figure 7
will provide approximately 1/2 LSB adjustment of the linearity
midpoint. The characteristic impedance at this node is
approximately 75 Ohms, and should be driven from a
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
guantization process, resulting in encoding errors.

Due to the variation in the reference currents

with clock and input signals, R and Rp 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 circuit}, a
low-impedance reference source is required. The reference
voltages may be varied dynamically at rates up to 10MHz.

D&
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Reference (Cont.)

Name Function Value C1, L1 Package
Ry Reference Resistor (Top) 0.0V Pin 62
Rrg Reference Resistor Sense (Top) Pin 63
Rm Reference Resistor (Middle) -1.0v Pin 49
Rg Reference Resistor (Bottom) -2V Pin 41
Rgs Reference Resistor Sense (Bottom) Pin 40

Convert

The TDC1025 requires a differential ECL Convert (CONV) signal.
Both convert inputs must be connected, with CONV being the
complement of CONV. A sample is taken {the comparators are
latched) within 10ns after the rising edge on the CONV pin.
This time is tgTg, Sampling Time Offset. This delay may vary
from part to part and as a function of temperature, but the
short-term uncertainty (jitter] in sampling time offset is less
than 50 picoseconds. The 255 to 8 encoding is performed on
the faliing edge of the CONV signal. The coded output is
transferred to the output latches on the next rising edge. Data

is held valid at the output register for at least tyg, Output
Hold Time, after the rising edge of CONV. New data becomes
valid after a Digital Output Delay, tp. 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 {tpyy and tpwH!
requirements on the waveshape of the CONV signal. {Refer to
Figure 1)

Name Function Value C1, L1 Package
CONV Convert ECL Pin 54
CaNv Convert Complement ECL Pin 53

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 256 Ohms. The input signal will not damage the
TDC1025 if it remains within the range of +0.5V to Vgga. If
the input signal is between the Vg7 and Vpg 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 gight analog
input pins should be connected through resistors near the chip

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

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.

Name Function

Value C1, L1 Package

Vin Analog Signal Input

0V to -2V Pins 44, 47, 48, 51, 52, 56, 57, 60

D 62
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Outputs

The outputs of the TDC1025 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

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

Name Function Value C1, L1 Package
0 MSB Output, Complement ECL Pin 66
0 MSB Output EcL Pin 67
0, ECL Pin 68
Dy ECL Pin 1
03 ECL Pin 2
03 £l Pin 3
D, ECL Pin 4
D4 £clL Pin &
[ ECL Pin 30
05 ECL Pin 31
05 ECL Pin 32
Og ECL Pin 33
o ECL Pin 34
0 ECL Pin 35
Dg LSB Output, Complement ECL Pin 36
Dy 158 Output ECL Pin 37

No Connects

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

Name Function Value

C1, L1 Package

NC No Connect Open

Thermal Design

Pins 6, 9, 10, 11, 12, 15, 17, 18, 21, 24, 25, 28, 27, 38, 42, 43, 45, 58, 61, 65 “

The case temperature must be limited to a maximum of 80°C  45°C, 500 L.F.P.M. moving air is required for specified

for the standard temperature range and 125°C for the

performance. In addition to moving air, heat sinking is an

extended temperature range. For ambient temperatures above efficient method to optimize thermal management.

LSI Products Division
TRW Electronic Components Group
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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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Figure 5. CONVert, CONVert Switching Levels
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltages

Vegp (measured to Dgyp) +05 to -7.0V

Vegp (measured to Agnp) +05 to -7.0V

Agnp (measured to Dgyp) +05 to -05V

Vega (measured to Veep) +05 to -0.8V
Input Voltages

CONV, CONV { d to Dgnp! +0.5 to VgV

ViN. VR VRg (measured to Agyp) +0.5 to VggaV

Vgr measured to Vpg) 0 to +25V
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) +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 canditions is NOT implied.

LSI Products Division
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Operating conditions
Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Verp Digital Supply Voltage -49 -52 -55 -43 -52 -55 v
VEeA Analog Supply Voltage -49 -52 -55 -49 -52 -85 v
Veea-Vegp  Supply Voltage Differential -0.1 00 +0.1 -01 0.0 +0.1 v
VAGND Analog Ground Voltage (measured to Dgyp! -01 00 +0.1 -0 00 +0.1 v
towL CONV Pulse Width, LOW 8 8 ns
tPWH CONV Pulse Width, HIGH 10 10 ns
Viem CONV Input Voltage, Common Mode -05 -25 -05 -25 v
Vior CONV Input Voltage, Differential 03 12 03 12 v
VRt Most Positive Reference Input! -0.1 0.0 +0.1 -01 0.0 +0.1 v
VRs Most Negative Reference Input' -19 -20 -21 -18 -20 -1 v
VRr-VRg  Voltage Reference Differential 18 20 22 18 20 22 v
Vin Input Voltage VR Var VR Vet v
Ta Ambient Temperature? 0 70 °C
Tc Case Temperature? 0 100 -5 +125 °C
Notes:
1. Vg7 Must be more positive than Vgg, and voltage reference differential must be within specified range.
2. 500 LF.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: Veep = MAX
Tp = 0°C to 70°C 125 mA
Ty = 70°C 575 mA
Tg = -55°C to 125°C 850 mA
Tg = 125°C 500 mA
Iger  Reference Current VRr. Vg = NOM 10 3 10 40 mA
Rpeg  Total Reference Resistance 51 200 50 200 Ohms
RN Input Equivalent Resistance VRT. VRg = NOM, V|5 = Vpg 10 10 kOhms
Cpy  Input Capacitance 160 160 pF
ICB Input Constant Bias Current Veea Veep = MAX, Vi = 00V 750 1200 UA
I Digital Input Current Veea Veep = MAX, V) = -0V 160 L] UA
VoL Output Voltage, Logic LOW Veea Veen = NOM, lgg = Test Load! -16 -5 v
Voy  Output Voltage, Logic HIGH Vega, VEep = NOM, Igy = Test Load! -0.95 -11 v
G Digital Input Capacitance Ty = 25°C, F = IMH: 20 20 pF

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

LS! Products Division
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Switching characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fg  Maximum Conversion Rate Veea: Veep = MIN 50 50 MSPS
tgtg  Sampling Time Offset Veea Veep = MIN 10 10 ns
tp  Digital Output Delay Veea Veep - MIN, Load! 17 18 ns
tyo  Digital Output Hold Time Veea. VEgp = MIN, Load! 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
Ey Linearity Integral, Independent VRT. VRg = NOM 03 0.3 %
Elp Linearity Differential 03 0.3 %
o} Code Size Vg1, VRB = NOM 15 185 15 185 % Nominal
Egr  Offset Eor  Top ViN = VRT +40 +45 mV
Egrg  Offset Emor  Top, Sensed +10 £10 mv
Egg  Offset Emor  Bottom Vin - Vs -40 -45 mv
Eggg  Offset Error  Bottom, Sensed -10 +15 my
Tpog  Offset Error  Temperature Coefficient,
Sensed 80 80 vI°C
BW Bandwidth, Full Power Input 125 125 MHz
1R Transient Response, Full Scale Input Change 10 10 ns
|
SNR Signal-to-Noise Ratio 20MHz Bandwidth,
50MSPS Conversion Rate
Peak Signal/RMS Noise 1.256MHz Input 53 53 dB
5.34MHz Input 51 51 dB
10.0MHz Input LY dB
12.0MHz Input 4 dB
RMS Signal/RMS Noise 1.25MHz Input “ 4 dB
5.34MHz Input 2 42 dB
10.0MHz Input 38 dB
12.0MHz Input Kl dB
EAP Aperture Error 40 40 [

LS| Products Division
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Figure 6. TDC1025E1C Evaluation Board Schematic
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. Al resistor values are in Ohms.

. All resistors are 1/8W unless otherwise noted.

. All capacitor values are in microFarads unless otherwise noted.
. Al capacitors are 50WVDC unless otherwise noted.

. All diodes are 1N4148 unless otherwise noted.

. Rb8 is a quad 220/330 Ohm terminator SIP

Z1 is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5.
L1 is a ferrite bead inductor, Fair-rite part number 2743001112,
AGND pins on the TDC1025L1 are: 46, b0, 55, 58.

Dgnp pins on the TDC1025L1 are: 8, 28, 39, 64.

. VEga pins on the TDC1025L1 are: 13, 14, 16, 18, 20, 22, 23.

VEep pins on the TDC1025L1 are: 7, 29.

Values for companents C5, R15, R62, R65, RBE are determined during the
manufacturing process.

Component designatars C32, R49, R57, R63, RB4, J1 are not used on the TDC1025E1C
board.

Components R30, R31, R4b, R47, R48, R54, Rb5, R5Y, R60, RE1, J4, are user options
and are not included with the board.

LSI Products Division
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Typical Interface

Figure 6 shows an example of a typical interface circuit for
the TOC1025. 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 V)y
pins, provide frequency stability and a balanced analog input to
all portions of the comparator array. All eight V| 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 A/D.

The top reference, Ry, is grounded, with the sense point, RTg,
left open. The offset error introduced at the top of the
reference chain is cancelled by the offset adjustment. The
bottom reference voltage, VRg is supplied by an amplifier, and
a PNP transistor. The feedback loop through the sense, Rgg,
minimizes the offset error and related temperature variations at

the bottom of the resistor chain. Additional gain adjustment
can be made by varying the input voltage to the sensing
ap-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
5-10ns to latch the data at the output. The data outputs are
terminated with 1.5 kOhms to -5.2V. The standard Thevenin
equivalent (220 Ohms-330 Ohms to -5.2V) is used where
additional termination is required.

The analog and digital ground planes are separated to minimize
ground noise and prevent ground foops, 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 7. Power Decoupling and Input Network
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Ry = 1092, 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR

Ry = 10Q, 1% CARBON COMPOSITION OR CERAMIC CHIP RESISTOR
= D.1)F CERAMIC DISC CAPACITOR

U = ANALOG GROUND

L = DIGITAL GROUND

Note: Pins are shown for L1, C1 packages
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Figure 8. Typical Reference Midpoint Adjust Circuit
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Output Coding
Binary Offsat Two's
Complement

Step Range True Inverted True Inverted

-2.0000v FS -20480V FS Al Qutputs Dy Dy-Dg

7.8431 mV Step 8.000 mV Step Inverted Inverted Inverted
000 0.0000v 0.0000v 000000000 mmmm 100000000 o1
001 -0.0078V ~0.0080v 000000001 11111110 100000001 o1
[ ] [ ] L] . L] L] L]
[ ] [ ] L] L] L] . L]
L] L] L] L] [ L] [ ]
vy ~0.8961V ~1.0160v onmn 100000000 nmm 000000000
128 -1.0033V ~1.0240V 100000000 omnnmn 000000000 1nmm
129 -1.0118v ~1.0320v 100000001 o11111110 000000001 Hnimno
L] [ ] L] L] . L] L]
L] L] . L . L] L]
L] L] L] L] L] . .
Pl -18021 -2038 e 000000001 011111910 100000001
255 -2.0000v ~2.0400V mmm 000000000 [ILRRRNRN] 100000000
Note:

1. Voltages ere code midpoints after calibration.

2. Any output may be inverted by interchanging connections to the true (D) and complement (w output pins.

Calibration

To calibrate the TDC1025, adjust VRT and VRp to set the 1st
and 255th thresholds to the desired voltages. Note that Ry is
greater than R, ensuring calibration with a positive voltage on
RT. Assuming a OV to -2V desired range, continuously strobe
the converter with -0.0033V (1/2 LSB from 0V} on the analog
input, and adjust VRT for output toggling between codes 00
and 01, Then apply ~1.996V (1/2 LSB from -2V) and adjust
VRB for toggling between codes 254 and 255.

The degree of required adjustment is indicated by the offset
errors, EgT and Eqgp. 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 Rq and Rp 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 Rp, 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 Rg. 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.

LS| Products Division
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
T0C1025C1C STO-Tg = 0°C to 80°C Commercial 68 Contact Chip Carrier 1025C1C
TDC1025C1G STD-Tg = 0°C to 80°C Commercial With Burn-in 68 Contact Chip Carrier 1025C1G
TDC1025C1F EXT-Tg = -55°C to 125°C Commercial 68 Contact Chip Carrier 1025C1F
TDC1025C1A EXT-Tg = -55°C to 125°C High Reliability 68 Contact Chip Carrier 1025C1A
T0C1025L1C STD-Tg = 0°C to 80°C Commercial 68 Leaded Chip Carrier 1025L1C
TDC1025L1G STD-Tg = 0°C to 60°C Commercial With Burn-In 68 Leaded Chip Carrier 1025L1G
TDC1025L1F EXT-Tp = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1025L1F
TDC1025L1A EXT-Tg = -55°C to 125°C High Reliability 68 Leaded Chip Carrier 1025L1A
Note:

1. Per TRW document 70201757,

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.

LSt Products Division
TRW Electronic Components Group
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T c T —————————
7-hit, 18BMSPS

The TRW TDC1027 is an 18 MegaSample Per Second {MSPS) ® 1/2 LSB Linearity

full-parallel (flash) analog-to~digital converter, capable of o Sample-And-Hold Circuit Not Required
converting an analog signal with full-power frequency o TTL Compatible

components up to 5MHz into 7-bit digital words. A g .

sample-and-hold circuit is not necessary. All digital inputs and  ® 18MSPS Conversion Rate

outputs are TTL compatible. ® Selectable Output Format
® Available In 24 Lead DIP or CERDIP
The TDC1027 consists of 127 clocked latching comparators, e [ow Cost
combining logic, and an output buffer register. A single convert
signal controls the conversion operation. The unit can be Applications
connected to give either true or inverted outputs in binary or ) o
offset two's complement coding. ® Low-Cost Video Digitizing
¢ Medical Imaging
Note: TRW recommends the use of the TDC1047 for new e [Jata Acquisition
designs. o TV Special Effects

e \lideo Simulators

Features e Radar Data Conversion

o 7-Bit Resolution

Functional Block Diagram s y—
CONV & |

) S— .

ko
ANA
\A%

A

N~
%

[ X N ]
o0

\;k\zk

121707
ENCODER LATCH

\ 4

'vw——«z-¢
LN N ]
LN X ]

L

R
>
R &
B ) < DIFFERENTIAL
8 — COMPARATORS
(1zn
T = ]
LS| Products Division Phone: (619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 637-957 40G00777 Rev. E-1/85
P.0. Box 2472 TWX: 910-335~1571 Printed in the U.SA.

La Jolla, CA 92038



TDC1027

I N AL

Functional Block Diagram
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7
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R
>
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DIFFERENTIAL
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Pin Assignments
Viy 1108 N 2 Viy
Ry 20 23 Rg
Agnp 3§ 2 Agnp
Dgnp 4 C h21 DgnD
NMINV 5 [ 20 CONV
(MSB) Dg 6 [ 119 Dy (LSB)
Dy 71 118 Dg
D3 8 ( 17 Dy
Dy 91 16 Ve
Vg 10 ¢ 15 NLINV
Veg 11 [ 014 Vg
Agnp 12 1 13 Agnp

24 lead DIP - J7 Package
24 lead CERDIP - B7 Package

D 76
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Functional Description

General Information
The TDC1027 has three functional sections: a comparator array,  encoding logic converts the N-of-127 code into binary or

encading logic, and output latches. The comparator array offset two’s complement coding, and can invert either output

compares the input signal with 127 reference voltages to code. This cading function is controlled by DC signals on pins
produce an N-of-127 code (sometimes referred to as a NMINV and NLINV. The output latch holds the output constant
“thermometer” code, as all the comparators below the signal between updates.

will be on, and all those above the signal will be off). The

Power

The TDC1027 operates from two supply voltages, +5.0V and the -5.2V supply, is AgND- All power and ground pins must
-5.2V. The return for Igg, the current drawn from the +6.0V  be connected.
supply, is Dgnp. The return for Igf, the current drawn from

Name Function Value J7, B7 Package

Veo Positive Supply Voltage +50V Pins 10, 16

Vie Negative Supply Voltage -52v Pins 11, 14

Dgnp Digital Ground 0.0v Pins 4, 21

AgND Analog Ground 0.0v Pins 3, 12, 13, 22
Reference
The TDC1027 converts analog signals in the range = 0.05V and Vpg = -1.04V. These voltages may be varied

VRB<SV|N << VRT into digital form. VRg {the voltage applied to  dynamically up to 5MHz. Due to variation in the reference
the pin at the bottom of the reference resistor chain) and VRr  currents with clock and input signals, Ry and Rg should be

[the voltage applied to the pin at the top of the reference low-impedance~to-ground points. For circuits in which the
resistor chain) should be between +0.1V and -2.1V. Vg7 reference is not varied, a bypass capacitor to ground is
should be more positive than Vg within that range. The recommended. If the reference inputs are exercised dynamically

voltage applied across the reference resistor chain (VRr-Vpg!  (as in an AGC circuit), a low-impedance reference source is
must be between 0.8V and 1.2V. The nominal voltages are VRT  required.

Name Function Value J7, B7 Package

Rt Reference Resistor {Top) 0.0v Pin 2

Rg Reference Resistor (Bottom) -1.0v Pin 23
Controls
Two function control pins, NMINV and NLINV are provided. Output Coding table given on page 8. These pins are active
These controls are for DC (i.e. steady state] use. They permit LOW as signified by the prefix “N” in the signal name. They
the output coding to be either straight binary or offset two's may be tied to Vg for a logic “1” and Dgpp for a logic “0.”
complement, in either true or inverted sense, according to the

Name Function Value J7, B7 Package

NMINV Not Most Significant Bit INVert T Pin 5

NLINV Not Least Significant Bit INVert L Pin 15

LSI Products Divison
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Convert

The TDC1027 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 tg7q, 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

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 (tyg} 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 TDC1027 is taking input sample N + 2.

Name Function

Value J7, B7 Package

CONV Convert

TiL Pin 20

Analog Input

The TDC1027 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 TDC1027 if it remains within the range of
Vge to +0.8V. If the input signal is between the VRT and VRp

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.

Name Function

Value J7, B7 Package

VI Analog Signal Input

0Vt -1V Pins 1, 24

Outputs

The outputs of the TDC1027 are TTL compatible, and capable
of driving four low-power Schottky TTL (54/74 LS) unit loads
or the equivalent. The outputs hold the previous data a

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

Name Function Value J17, B7 Package
0 MSB Output TiL Pin 6
) M Pin 7
Dg ! Pin 8
0y ! Pin 9
05 ! Pin 17
Dg T Pin 18
V] LSB Output T Pin 18

D178
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) |
Supply Voltages
Vg (measured to Dgyp! 00 to +7.0V
Vgg (measured to Agyp! 00 to -7.0V
Agnp (measured to Dgyp) ~10 to +1.0V
Input Voltages
CONV, NMINV, NLINV (measured to Dgp) ~05 to +55V
V|N, VRT' VRB { d to AGND) +05 to VEEV
VR (measured to Vpg) +22 to -2V
Output
Applied voltage (measured to Dgp! ~05 to 55V2
Applied current, externally forced -1.0 to 6.0 mA34
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
_

Temperature Range
Standard

Parameter Min Nom Max Units
Veo Positive Supply Voltage (Measured to Dgyp) 475 5.0 5.25 v
Vie Negative Supply Voltage (Measured to Agnp) -49 -52 =55 v
VaGND Analog Ground Voltage (Measured to Dgyp) -0 00 01 v
WL CONV Pulse Width, LOW % ns
1PWH CONV Pulse Width, HIGH ] ns
ViL Input Voltage, Logic LOW 08 v
Vii Input Voltage, Logic HIGH 20 v
lot Output Current, Logic LOW 40 mA
loH Output Current, Logic HIGH -400 uA
Var Most Positive Reference Input! -1 0.0 0.1 v
Ve Most Negative Reference Input! -09 =10 =21 )
VRT-VRg Voltage Reference Differential 08 10 12 v
Vin Input Voltage VR Var v
A Ambient Temperature, Still Air 0 0 °C
Note:

1. Vg7 Must be more positive than Vpg, and voltage reference differential must be within specified range.

LSI Products Divison
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Temperatura Range
Standard
Paramoter Test Conditions Min Max Units
lec Pasitive Supply Current Veg = MAX, static! 4 mA
e Negative Supply Current Veg = MAX, static'
Tp = 0°C to 70°C -215 mA
Tp = 70°C ~180 mA
IRer Reference Current Var Veg = NOM 50 kLl mA
RRer Total Reforance Resistance ) 200 Ohms
iy Input Equivalent Resistance Var: VRg = NOM, Viy = Vga 80 kOhms
Ciy Input Capacitance 100 pF
Ice Input Constant Blas Current Veg = MAX 200 UA
I Input Current, Logfc LOW Veo = MAX, V) = 06V
NLINV -24 mA
CLK, NMINY -20 mA
4 Input Current, Lagic HIGH Voo ~ MAX, V) = 24V 100 A
I Input Current, Max Input Voltage Voo = MAX, V) = 85V 10 mA
VoL Output Voltage, Logic LOW Veg = MIN, g = MAX 05 v
VoH Qutput Voltege, Logic HIGH Voo = MIN, Tgq = MAX 4 ]
los Short Circuit Output Current Veg = MAX, Qutput HIGH, one pin to ground, =25 mA
one second duration.
Gy Digitel Input Cepacitance Tp = 26°C, F = 1MH: 15 pF
Note:
1. Worst case, sl digital inputs and outputs LOW.
Switching characteristics within specified operating conditions
Temperature Range
Standard
Parameter Test Conditions Min Max Units
Fs  Maximum Conversion Rate Voo = MIN, Vge = MIN 18 MSP§
tstg  Sampling Time Offset Voo = MIN, Vge = MIN 0 15 ns
to Output Delay Vee = MIN, Vgg = MIN, Load 1 35 ns
tyg  Output Hold Time Vg = MIN, Vge = MIN, Load 1 10 ns
LSI Products Divison
TRW Electronic Components Group D8
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System performance characteristics within specified operating conditions
“

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Ey Lingarity Error Integral, Independent Vg1, Vg = NOM 04 L
Ejp  Linearity Error Differential 04 %
a Code Size VAT, Vg ~ NOM Kl m % Nominal
Egy  Offset Emor  Top Vin = VRt 45 mV
Egg  Offset Eror  Bottom VIN = Vs -35 mV
Tep  Offset Emor  Temperature Coefficient +40 uvree
BW Bandwidth, Full Power Input 5 MHz
R Transient Response, Full Scale kil ns
SNR Signal-to~-Noise Ratio 5MHz Bandwidth,

18MSPS Conversion Rate

Peak Signal/RMS Noise 1.248MHz Input 48 dB
2438MHz Input 4 dB
RMS Signal/RMS Noise 1.248MHz Input 39 dB

2438MHz Input 38 d8
NPR Noise Power Ratio DC to BMHz White Naise

Bandwidth 30 dB

4 Sigma Loading

1.248MHz Slot

1BMSPS Conversion Rate
Epp  Aperture Error 50 ps

Output Coding

Binary Offset Two's
Complement
Step Range True Inverted True Inverted
-1.0000v FS -1.0160V FS NMINV = 1 0 0 1
7.874 mV STEP 8.000 mV STEP NLINV = 1 0 1 0
000 0.0000vV 0.0000V 0000000 mnm 1000000 omm
o -0.0078V -0.0080V 0000001 Mg 1000001 0111110
(] L] L] L] L] L] L]
L] L] L] L] L[] L] L ]
[ ] L] L] L] [ ] L] °
12 -1.0000v ~1.0160V mim 0000000 0 1000000

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

LS! Products Divison
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Calibration

To calibrate the TDC1027, adjust VRT and VRp to set the st
and 127th thresholds to the desired voltages. Note that Ry is
greater than R, ensuring calibration with a positive voltage on
RT. Assuming a 0V to -1V desired range, continuously strobe
the converter with —0.0033V on the analog input, and adjust

-0.9961V and adjust Vpg 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. Rg is a convenient paint for gain adjust that is
not in the analog signal path. These techniques are employed

in Figure 5.

VRT for output toggling between codes 00 and 01. Then apply

Figure 5. Typical Interface Circuit
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Ordering Information

L

Product Temperature Range Screening Package Package
Number Marking
TDC1027J7C STD-Ty = 0°C to 70°C Commercial 24 Lead DIP 102747C
TDC102747G6 STD-Tp, = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 1027476
TOC102787C . STD-Tp = 0°C to 70°C Commercial 24 Lead CERDIP 1027187C
TOC1027B7G STD-Tp, = 0°C to 70°C Commercial With Burn~In 24 Lead CERDIP 102787G
Notes:

1. Per TRW document 70201757.

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.
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Preliminary Information

olithic Al | Cverter
6-bit, 100MSPS

The TRW TDC1029 is a 100 MegaSample Per Second (MSPS)
fully-parallel (flash) analog-to-digital converter, capable of
converting an analog signal with full power frequency
components up to 50MHz into 6-bit digital words. A
sample—-and~hold circuit is not required. All digital inputs and
outputs are ECL compatible.

The TDC1029 consists of 83 latching comparators, combining
logic, and an output register. A differential convert {CONV)
signal controls the conversion operation. The digital outputs are
single—ended ECL with the exception of the MSB which is
differential enabling binary or offset two's complement output
format.

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

¢ §-Bit Resolution
® 100MSPS Conversion Rate

' N A/

¢ 50MHz Input Bandwidth
¢ Low Cost

e 1/2 LSB Linearity

o Sample-And-Hold Circuit Not Required

® 1V Input Range

® Binary Or Two's Complement Output Format

e 1/4, 112 And 3/4 Scale Reference Resistor Taps
On J6 Package

® Available In 24 Or 28 Lead DIP
® Evaluation Board - TDC1029E1C

Applications

o Transient Digitizers

o Dirgct Digital Receivers

 Radar Data Conversion

e Data Acquisition
 Telecommunications

® Medical Imaging

® High-Energy Physics Experimentation

Functional Block Diagram

CONY

VN S___
[ —

2R3

T

@eTme
ENCODER

@ LATCH I|>n‘_l

LR TR

LS| Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

©TRW Inc. 1985
40G01198 Rev. D-1/85
Printed in the U.S.A.

Phone: (619 457-1000
Telex: 697-957
TWX: 810-335-1571




TDC1029

77wy
Functional Block Diagram
CONV )~ *-
viN >— !
Rt >——
0
S ,\('f
S
RS T_-I]/
«RM‘ \, T (\/T
RS »—-Iy
> 7
RS '—l/ ,
'\31(‘ 63 70 6 _
S "—I/ FNCODER — >0
By > ‘t LATCH
Dy
m3 ,\(« 7-;::) Is:) -8
A ’__Iy
L
. R EE ,\(0
‘B b.
pany
R EE 1
8
Rg >—— ‘
Pin Assignments
Vga 108 [~ 128 DgfLSB)
Vegp 2 b 27 Dg
Rg 3 26 Dy Vggp 1 (E 28 Vggp
Dgnp 4 1 25 Dgnp Rg 2 23 Dg (LSB)
Vin 5 24 Vggp Dgnp 3 | 2 D
Agnp 6 1 23 Rpm3 Vivn 4 ﬁ 21 Dy
CONV 7 ) 22 NC Agnp 5 20 Dgnp
Rmz 8 21 Ry CONV 6 ( 19 Vgga
CONV 9 ) 20 Vgga CONV 7 18 Vggp
Agnp 10 13 Dgnp Agnp 8 1 17 Dgnp
Viy 11 118 D3 Viy 9 ﬁ 16 D3
Dgnp 12 117 Dy Dgnp 10 15 Dy
Ry 13 16 Dy (MSB) Ry 11 14 Dy (MSB)
Vgep 14 ) 15 D; (MSB) Vgep 12 13 Dy (MSB)

28 Lead DIP - J6 Package

D 86

24 lead DIP - J7 Package

LSI Products Division
TRW Electronic Components Group



TDC1029

g Ixyy

Functional Description

General Information

The TDC1029 has three functional sections: a comparator array,
encoding logic, and output latches. The comparator array
compares the input signal with 63 reference voltages to
produce an N-of-63 code {sometimes referred to as a
“thermometer” code, as all the comparators biased more

positive than the input signal will be on, and all the rest will
be off.) The encoding logic converts the N-of-63 code into
binary data, with the complement of the MSB available for
offset twa's complement output format. The output latch holds
the output data constant between updates.

Power

The TDC1029 operates from separate analog and digital power
supplies, VEgA and VEgp. Since the required voltage for both
VEgA and Vggp is -5.2V, these should ultimately be connected
to the same power source, but separate decoupling for each is
recommended. A typical decoupling netwaork is shown in the

typical interface circuit. The return path for Iggp, the current
drawn from the Vggp supply is Dgnp- The return path for
IggA, the current drawn from the VEga supply, is Agnp. Al
power and ground pins must be connected.

Name Function Value J7 Package J6 Package
VErA Analog Supply Voltage -5V 18,19, 4 1,20, 24
VerD Digital Supply Voltage -5V 1, 12 214

Dgno Digital Ground 0.0V 310,17, 20 4,12,19,25
AgND Analog Ground 0.0v 5 8 6, 10

Thermal Design

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

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

Reference

The TDC1029 comes in two different packages. In the 24 lead
DIP the reference voltage is applied between Ry and Rp.
TDC1029 converts analog signals in the range

VRB = V)N 2 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, E(|, 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 (VRT-VRg) must be
between 0.9V and 1.1V. VRg (the voltage applied to the pin at
the bottom of the reference resistor chainl and VR (the

voltage applied to the pin at the top of the reference resistor
chain} should be between -0.2V and -1.4V. VRT should be
more positive than Vgg within that range. The nominal
voltages are: VRT = -0.3V, Vpg = -1.3V. These voltages may
be varied dynamically up to 25MHz. Due to slight variations in
the reference current with changes in clock and input signals,
Rt and Rp should be low~impedance points. For circuits in
which the reference is nat varied, a bypass capacitor to AGND
is recommended. If the reference inputs are varied dynamically
fas in an AGC circuit), a low-impedance reference source is
required.

Name Function Value J7 Package J6 Package
Ry Reference Top -0.30v n K]

Rmi 114 Scale Tap ~0.85v NiA 2

Ry 112 Scale Tap -080V NiA 8

Rua 34 Scale Tap 105 NiA il

Rg Reference Bottom -1.30v 2 3

LSI Products Division
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Convert

The TDC1029 requires & differential ECL CONVart (CONV) signal,
A sample is teken (the comparators are latched) tgTg after e
rising sdge on the CONV pin. The result from the encoding
logic is transferred to the output lstches on the next rising
edge. The outputs hold the previous data & minimum time

{tyo! efter the rising edge of the CONVert signal, New data
becomes valid after & maximum deley time tp. Both convert
inputs must be connected, with CONV bsing the complement
of CONV.

Name Function Value J7 Package J8 Package
CONV Convert ECL 7 8
o Convert Comploment ECL 8 7

Analog Input

The TDC1028 uses letching comparators which cause the input
impedence to vary slightly with the signal level. For optimal
performance, the source impedance driving the device must be
less than 25 Ohms. The input signal will not demags the
TDC1028 if it remains within the range of +0.5V to VEga. If
the input signal is between the VRT and VRg references, the

output will be & hinary number bstween 0 and B3 inclusive. A
signal outside this range will indicate either full -scels positive
or full-scele negative, depending on whether the signal is
off-scals in the positive or negative direction. Both enslog
input pins MUST be connected through 15 Ohm resistors es
shown in the Typical Interface Circuit,

Name Function

Value J7 Package J6 Package

Vin Analog Signal Input

See Text 49 5 1

Outputs

The outputs of the TDC1023 are ECL compatible. Outputs Dy_g
arg single~ended, whils the MSB (D) is differsntial. Offset
two’s complement format is available by cross-wiring the

MSB, i.e. interchanging D1 and D7. The outputs should be
terminated with & 100 Ohm lor greater! impedance into &
-2.0V source.

Name Function Value J7 Package JB Package
b'{ MSB Output Complement ECL 1 15
Dy MSB Output ECL 14 16
Dy ECL 15 17
0y ECL 16 18
D ECL 2 %
Dg ECL 2 27
Dg LSB Output ECL PX] 28

D 88
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Figure 1. Timing Diagram

I SAMPLE

|
U 1
DATA DATA DATA

‘HU JE—— |t

ANALOG INPUT

Figure 2. Simplified Analog Input Equivalent Circuit
I

| I
Vin in o i I :: ti ¢ k :47 0 Vgp
A 4
—_— Cy Cy Ry
I ) | y ) 'Bias 65K
|
v !
IgIAS VEEA
Ciy = Gy + €3 13pF NOMINAL
I 20pF MAXIMUM
Vee | €1 = NON-LINEAR JUNCTION CAPACITANCE
Cy = Vyy LINEAR CAPACITANCE
VEEA Vg IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rg
Figure 3. Convert Input Equivalent Circuit Figure 4. Qutput Circuits
° Dgno * Dgn
CONV —(T _
Conv . - DATA
QUTPUT

QUTPUT EQUIVALENT CIRCUIT OgND

010

40pF

VeeD i 10092 TO -2V
PIN EQUIVALENT
262
LOAD 1
TEST LOAD FOR DELAY Ve
MEASUREMENTS (~5.2V)
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Absolute maximum ratings (beyond which the device will be damaged) !
Supply Voltages
Vegp (measured to Dgpp) 05to -7.0V
Vegp (measured to Agyp! 05 to -70V
Agnp (measured to Dgpp) 1010 -10V
VEgp (measured to Vegp) 05 to -05V

Input Voltages

+05 to VgggV

CONV, CONV (measured to Dgyp)
VlN' VRT' VRB (measured to AGND)

+05 to VggpaV

VR (measured to Vgg) +15t0 -15V
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:

Functional operation under any of these conditions is NOT implied.

Operating conditions

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

Temperature Range
Standard

Parameter Min Nom Max Units
Vegp Digital Supply Voltage -43 -52 -55 v
VEga Analog Supply Voltage -49 -52 -55 v
Vega-Veep  Supply Voltage Differential -01 00 0.3 v
VAGND Analog Ground Voltage (Measured to Dgyp) -0.1 0.0 0.1 v
towL CONV Pulse Width, LOW 3 4 ns
tPWH CONV Pulse Width, HIGH 5 6 ns
Viem CONV Input Voltage, Common Mode Range (Figure 6) -05 -25 v
Vior CONV Input Voltage, Differential (Figure 6) 04 12 v
Vay Most Positive Reference Input! -0.2 -03 ~04 v
Vg Most Negative Reference Input ! -12 -13 -14 v
Var-Vag  Voltage Reference Differential 03 10 B8] v
Vin Input Voltage VR VRt v
Ta Ambient Temperature? 0 n °C
Notes:

1. VRy must be more positive than Vg, and voltage reference differential must be within specified range.

2. 500 LF.PM. moving air required above 40°C.

D 930
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Electrical characteristics within specified operating conditions

- 4-AA-4:4

Temperature Range

Standard
Parameter Test Conditions Min Max Units
Ieea+lgep Supply Current Veea Vegp = MAX
Tp = 0°C to T0°C =315 mA
Tp = 70°C -300 mA
IRer Reference Current VT Vg = NOM 10 35 mA
RRer Total Reference Resistance i) 100 Ohm
Rin Input Equivalent Resistance VR VRg = NOM, Viy = VRg. Vee = MAX 6 kOhm
Ciy Input Equivalent Capacitance VR Vrg = NOM, Viy = VRg 20 pF
Icg Input Constant Bias Current Veea Veep = MAX, Viy = -03V 500 uA
. ] Input Current Veea Veep = MAX, V) = -0.5V 250 UA
L VoL Output Voltage, Logic LOW Vega Veep = NOM, Test Load 1 ~1.650 v
Voy Output Voltage, Logic HIGH Veea VEep = NOM, Test Load 1 -0.950 v
C Digital Input Capacitance Tp = 25°C 15 pF

Switching characteristics within specified operating conditions

Temperature Range

Standard

Parameter Test Conditions Min Max Units
Fs Maximum Conversion Rate VEea. VEgp = MIN 100 MsPS
tgrp  Sampling Time Offset Veea Viep = MIN 0 ] ns
tgp  Output Delay Veea VEgp = MIN, Load 1 1 ns
tyo  Output Hold Time VEEA' Vegp = MIN, Load 1 15 ns

LS! Products Division

TRW Electronic Components Group D9




TDC1029 TRwy

System performance characteristics within specified operating conditions

Temperature Range
Standard
Paramater Test Conditions Min Max Units
Ey Linearity Error Integral, Terminal Based VRT: VRg = NOM +08 %
Elp Linearity Error Differential +08 %
1] Code Size Vg1, VRg = NOM 50 150 % Nominal
Egr  Offset Eror  Top ViN = VAt 2 mV
Egp Offset Error ~ Bottom Vin = VB -8 mV
Teog  Offset Emor  Temperature Coefficient +35 pvieC
BW Bandwidth, Full Power Input’ Fg = 100MSPS 50 MHz
ttR Transient Response, Full-Scale Input Change ] ns
SNR  Signal-To-Noise - Ratio 2 100MSPS Conversion Rate
Peak SignallRMS Noise 25MHz Input 42 dB
50MHz Input 3 d8
RMS Signal/RMS Noise 25MHz Input k] (i3]
50MHz Input kil a8
Exp  Aperture Error 30 ps
Notes:

1. Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpyyy = Bns.
2. Single frequency sinusoidal input attenuated 3dB at 1/2 sampling frequency fanti-alias prefilter].

Output Coding '
. _____________________________________________________ ________________________________]

Step Range Binary Offset Two's Complement
-1.3000V FS -1.3080V FS
15.8730mV STEP 16.0000mV STEP MSB LSB MSB LSB
0 -0.3000v -0.3000v 000000 100000
o 03159V -0.3160V 000001 100001
L] L] L] L] L ]
L] L] L] L] L]
L] [ ] L] L L]
kil -0.7921v -0.7960V 01mn min
2 -0.8079v -08120v 100000 000000
3 -0.8238V -0.8280V 100001 000001
L] L] L] L] L]
L] [ ] L] L] L]
. L] L] L] L]
62 -1.280v -1.2920v 1o onine
63 -1.3000v -1.3080V mm omn
Note:

1. Voltages are code midpoints after calibration.

LSI Products Division
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Figure 5. CONVert, CONVert Switching Levels
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Calibration

To calibrate the TDC1028, adjust VRT and VRg to set 1st and  toggling between codes 62 and 63. Instead of adjusting VR,
63rd thresholds to the desired voltages. Assuming a -0.3V to Rt can be connected to a fixed voltage and the most positive
~1.3V desired range, continuously strabe the converter with end of the range calibrated with an offset control. Rg is a
-0.3079v (1/2 LSB from -0.300V} on the analog input, and convenient point for gain adjust that is not in the analog signal
adjust VRT for output toggling between codes 00 and 01. Then  path. These technigues are employed in Figure 6.

apply -1.2821V (1/2 LSB fram -1.300V) and adjust Vgg for

Figure 6. Typical Interface Circuit

" la -s2v
o T A G
@ 1 )
o n .18, /%.ﬂ‘yf
uF A " u e
:

—— o
—o

<o
%
——5
—<&
— o
—< o
— o
—5

uz
100151

£
© ® o o v o

W o
o -5y

un
ToC1028
g

LAl

10 R11
10K 12K Rz
m

M- WA

BlP PIB Bl o1 B Bl P BB

5

T
WF

-52v

Rg AN

] [ = N out
Asnp

CONV_ CONV

e

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

LS! Products Division
TRAW Electronic Components Group D 93



TDC1029

7w

Typical Interface Circuit

Figure 6 shows an example of a typical interface circuit for
the TDC1029. The analog input is AC coupled with a 1uF non
polar capacitor, then offset by -0.8Y with a 741 type
operational amplifier and an emitter follower. System offset is
adjusted via a variable resistor which alters the gain of the
amplifier that provides the offset to the analog input signal.
The reference voltages for the TDC1029 are both supplied by
741 type operational amplifiers configured as inverting
amplifiers with emitter followers. The reference bottom is

adjustable via @ 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 VEga
has a farrite bead inductor in series with the supply and a
parallel bypass capacitor to ground. The purpose of the
inductar 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.

Applications

The TDC1029J6 (28 lead DIP) has three additional reference
resistor taps available. These may be used in a variety of
ways. Below are depicted two possible applications of these
taps (Figures 7 and 8). 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

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 7. Midpoint Feedback
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TDC1028J6
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Figure 8. External Voltage Divider
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Figure 9. Piecewise Linear Transfer Function
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1029J7C STD-Tp = 0°C to 70°C Commercial 24 Lead DIP 102947C
TDC1029J7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead Dip 1029476
TDC1029J5C STD-Tp = 0°C to 70°C Commercial 28 Lead DIP 1029J6C
TDC1029J6G STD-Tp = 0°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. 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
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Preliminary Information

Monolithic Video A/D Converter
4-hit, 25MSPS

The TRW TDC1044 is a 25 MegaSample Per Second (MSPS) Features
fully parallel analog-to-digital converter, capable of converting . .
an analog signal with full-power frequency components up to  ® 4~Bit Resolution

125MHz into 4-bit digital wards. Use of a sample-and-hold ~ ® 1/4 LSB Non-Linearity

circuit is not necessary for operation of the TDC1044. Al e Sample-And-Hold Circuit Not Required
digital inputs and outputs are TTL compatible. e 25MSPS Conversion Rate

The TDC1044 consists of 15 latching comparatars, encoding * Selectable Output Format
logic, and an output register. A single convert signal controls ® Available In A 16 Lead DIP
the conversion operation. The unit can be connected to give o

either true or inverted autputs in binary or offset twa's Applications

complement coding. ® Video Special Effects
 Radar Data Conversion
® Medical Imaging
o |mage Pracessing

Functional Block Diagram
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LSI Products Division Phone: (619} 457-1000 ©TRW inc. 1985
TRW Electronic Components Group Telex: 637-857 40G01839 Rev. B-1/85
P.0. Box 2472 TWX: 910-335-1671 Printed in the U.S.A,

La Jolla, CA 92038
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Functional Block Diagram
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CONV > v
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RESISTOR
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Pin Assignments

Agnp 1 16 CONV
Vin 2 15 Dy (LSB)
NC 3 1 D
Ry 4 13 D,

Rg 5 12 Dq (MSB)
Ve 6 11 Dgnp

NLINV 7 10 Vpe

Rm 8 9 NMINV

16 Lead DIP - J9 Package
16 Lead Plastic DIP - N9 Package

LSI Products Division
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Functional Description

General Information

The TDC1044 has three functional sections: a comparatar 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 pasitive than the input signal will be off, and

those referred to voltages more negative than the input signal
will be on). The encoding logic converts the N-of-15 code
into binary or two's complement coding, and can invert either
output code. This coding function is controlled by OC signals
on pins NMINV and NLINV. The output register holds the
output constant between updates.

Power

The TDC1044 operates fram two power supply voltages, +5.0V
and -5.2V. The return for Igg (the current drawn from the
+5.0V supply) is Dgnp. The return for Igg Ithe current drawn

from the -5.2V supply) is Agnp. All power and ground pins
must be connected.

Name Function Value J9, N9 Package
Voo Positive Supply Voltage +5.0V Pin 10
Vg Negative Supply Voltage -5V Pin 6
Dgno Digital Ground 00V Pin 11
Agnp Analog Ground 0oV Pin 1

Reference

The TDC1044 converts analog signals in the range

VRB < V|N < Vgg into digital form. VRg (the voltage
applied to Rg at the bottom of the reference resistor chain)
and VR (the voltage applied to Ry at the top of the reference
resistor chain) should be between +0.1V and ~1.1V. Vgt
should be mare positive than VRg within that range. The
voltage applied across the reference resistor chain (VRT -
VRg! must be between 0.4V and 1.3V. The nominal voltages
are VRT = 0.00V and VRg = -1.00V. These voltages may be
varied dynamically up to 10MHz. Due to slight variation in the
reference currents with clock and input signals, Rt and Rg
should be low-impedance points. For circuits in which the

reference is not varied, a bypass capacitor to ground is
recommended. If the reference inputs are varied dynamically
{as in an Automatic Gain Control circuit), a low-impedance
reference source is required. A reference middle, Ry, 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 VR 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.

Name Function Value J9, N9 Package
Ry Reference Resistor Top 0.00v Pin 4
Ry Reference Resistor Middle -05v Pin 8
Rp Reference Resistor Bottom -1.00v Pin §

LS! Products Division
TRW Electronic Components Group
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Controls

Two function control pins, NMINV and NLINV are provided.

These contrals are for OC (i.e. steady state) use. They permit
the output coding to be either straight binary or offset two's
complement, in either true or inverted sense, according to the

Output Coding Table. These pins are active LOW as signified
by the prefix “N” in the signal name. They may be tied to
Vg for a logic “1” and Dgnp for a logic “0."

Name Function Value J9, N9 Package
NMINV Not Most Significant Bit INVert T Pin 9
NLINV Not Least Significant Bit (NVert T Pin 7

Convert

The TDC1044 requires a CONVert (CONV) signal. A sample is
taken (the comparatars are latched) within tgTq after a rising
edge of CONV. The coded result is translated to the output
latches on the next rising edge. The outputs hold the previous

data a minimum time {tyg) after the rising edge of the CONV
signal. New data becomes valid after 8 maximum delay time,

1.

Name Function

Value J9, N9 Package

CONV Convert

TIL Pin 16

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 Vgg to +0.4V. If the

input signal is at a voltage between VRT and Vpg, 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.

Name Function

Value J9, N9 Package

Vin Analog Signal Input

Pin 2

0Vito -1V

Outputs

The outputs of the TDC1044 are TTL compatible, and capable
of driving four low-power Schottky TTL (54/74 LS| unit loads.
The outputs hold the previous data a minimum time [tyg! after
the rising edge of the CONV signal. Data becomes valid after a

maximum delay time (tp) after the rising edge of CONV. For
optimum performance, 2.2 kOhm pull-up resistors are
recommended.

Name Function Value J9, N9 Package
0y Most Significant Bit Qutput T Pin 12
0, L Pin 13
03 m Pin 14
Dy Least Significant Bit Output TIL Pin 15
No Connects
Pin 3 of the TDC1044 is labeled No Connect (NC), and has no
connection to the chip. Connect this pin to Agnp for best
noise performance.
Name Function Value J9, N9 Package
NC No Connect AgnD Pin 3

D 100
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Figure 1. Timing Diagram

Te - tPWH oL —

SAMPLE

SAMPLE
N+1 N+2

ANALOG INPUT

_/
S
!
oot _| ) (0000 ™ i XX
|
tn |
Figure 2. Simplified Analog Input Equivalent Circuit
' le o—Q
| I
Vin 1-0F-15 e 1 | i
COMPARATORS N c8
v
| VEra RB
REFERENCE
v RESISTOR
EE CHAIN Vee
Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits
+Vee

Ve
8100

Ve O * — ——
20K
15K
10 9
- OUTPUT )
INPUT o _ o

h 4

S 2
oUTPUT 40pF X 1N3062

X

LoaD1 =
SHJ.;'I}{{ EQUIVALENT TEST LOAD FOR DELAY

L MEASUREMENTS

LSI Products Division
TRW Electronic Components Group D 101



TDC1044 Ty
7 r<wy
Absolute maximum ratings (beyond which the device may be damaged) '
Supply Voltages
Vec {measured to Dgyp! -05t0 +7.0V
Vge {measured to Agng) +05to -7.0V
Agnp (measured to Dgyp) -05 to +0.5V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp! -05 to +55V
VIN' Var VRB (measured to AGND) +05 to VgV
Vgt (measured to Vg =22 10 42V
Output
Applied voltage (measured to Dgyp! -05 to +55v2
Applied current, externally forced -1.0 to +6.0mA34
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 ds) +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

D 102

Temperature Range

Standard

Parameter Min Nom Max Units
Vee Positive Supply Voltage (Measured to Dgnp) AT5 5.0 5.25 v
Veg Negative Supply Voltage (Measured to Agnp) -43 -52 -55 v
VAGND Analog Ground Voltage (Measured to Dgyp) -01 00 0.1 v
towL CONV Pulse Width, LOW 7 ns
twH CONV Pulse Width, HIGH 1 ns
ViL Input Voltage, Logic LOW 08 v
ViH Input Voltage, Logic HIGH 20 v
loL Output Current, Logic LOW 40 mA
lon Output Current, Logic HIGH ~-400 uA
VRT Most Positive Reference -19 0.0 0.1 )
Vag Most Negative Reference -21 -10 -01 v
Vrr-VRg  Reference Differential 02 10 20 v
Vin Input Voltage Vg Var v
Ta Ambient Temperature, Still Air 0 0 °C

LSI Products Division
TRW Efectronic Components Group
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Electrical characteristics within specified operating conditions

Temperature Range

Standard

Parameter Test Conditions Min Max Units
lcc  Positive Supply Current Voo = MAX, static! 25 mA
leg  Negative Supply Current Vg = MAX, static'

Tp = 0°C to 70°C -50 mA

Tp = 0°C -3 mA
Iger  Reference Current VR, Vg = NOM 2 mA
Rper  Total Reference Resistance 500 Ohms
Ry Input Equivalent Resistance VAT, VR = NOM, Vjy = Vgp 300 kOhms
Cpy  Input Capacitance 25 pF
Icg  Input Constant Bias Current Vgg = MAX 25 UA
L Input Current, Logic LOW Vg = MAX, V) = 0.5V CONV -04 mA

NMINV, NLINV -06 mA
iy Input Current, Logic HIGH Voo = MAX, V) = 24V 50 uh
) Input Current, Max Input Voltage Voo = MAX, V| - 55V 1.0 mA
Vor  Output Voltage, Logic LOW Vee = MIN, Igp = MAX 0.5 v
Vgy  Output Voltage, Logic HIGH Voo = MIN, Igy = MAX 24 v
lps  Short Circuit Output Current Vo = MAX, One pin to ground, one second -30 mA
duration, Output HIGH.

G Digital Input Capacitance Tp = 25°C, F = 1MH: 15 pF

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

Switching characteristics within specified operating conditions

Temperature Range

Standard

Parameter Test Conditions Min Max Units
Fg  Maximum Conversion Rate Vee = MIN, Vge = MIN 2 MSPS
tstg  Sampling Time Offset Voo = MIN, Vge = MIN 10 ns
tg  Digital Output Delay Vee = MIN, Veg = MIN, Load 1 30 ns
tyo  Digital Qutput Hold Time Voo = MAX, Vgg = MAX, Load 1 5 ns

LS! Products Division
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System performance characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Ely  Linearity Error Integral, Independent Vg = NOM 16 %
Elp  Linearity Error Differential 16 %
CS  Code Size VRr. VRg = NOM 15 125 % Nominal
Egy  Offset Error Top Vin = VRT +30 mV
Egg  Dffset Error Bottom ViN = VRB +40 mv
Tpp  Offset Error Temperature Coefficient +20 uVee
BW  Bandwidth, Full Power Input 125 MHz
trg  Transient Response, Full Scale 10 ns
Eap  Aperture Error 30 ps

Output Coding Table'
. _____________________________ |

D 104

Binary Offset Two's
Complement
Range True Inverted True Inverted
-1.00V FS NMINV = 1 0 0 1
NLINV = 1 0 1 0

0.000V 0000 1m 1000 0
-0.087V 0001 110 1001 0110
-0.133v 0010 1101 1010 0101
-0.200v 001 1100 101 4100
-0.267V 0100 101 1100 001
-0.333v 0101 1010 101 0010
-0.400V 010 1001 110 0001
-0.467V 0nn 1000 mm 0000
-0.533V 1000 0111 0000 1m
-0.600V 1001 0110 0001 110
-0867V 1010 0101 0010 101
-0.733v 1M 0100 oo 1100
-0.800v 1100 oo 0100 1
-0.887v 101 0010 0101 1010
-0.933v 110 0001 0110 1001
-1.000V 1M 0000 011 1000
Note:

1. Input voltages are at code centers.

LS| Products Division
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Calibration

To calibrate the TDC1044, adjust VRT and VRg to set the 1st
and 15th thresholds to the desired voltages. Assuming a 0V to
-1V desired range, continuously strobe the converter with
-0.0033V (1/2 LSB from 0.000V) on the analog input, and
adjust VRT for output toggling between codes 0000 and 0001.
Then apply -0.967V {1/2 LSB from -1.000V) and adjust VRg

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. Rg is
a convenient point for gain adjustment that is not in the
analog signal path.

Typical Interface Circuit

The TDC1044 does not require a special input buffer amplifier
to drive the analog input because of its low input capacitance.
A terminated low-impedance transmission line {< 100 Ohms)
connected to the V| terminal of the device is sufficient if the
input voltage levels match those of the A/D canverter.

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 A/D converter from the amplifier output and insure
frequency stability. The pulse and frequency respanse of the
amplifier are optimized by variable capacitor C12. The reference
voltage for the TDC1044 is generated by amplifier U3. System

LS| Products Division
TRW Electronic Components Group

gain is adjusted by varying R9 which contrals the reference
voltage level to the A/D converter.

Input voltage range and input impedance for the circuit are
determined by resistors R1 and R2. Formulas for calculating
values for these input resistors are:

1
WR\ - 1
Zy) T

1000 A1
Az = 2 ‘(1000 ; m)

where VR is the input valtage range of the circuit, Zy 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.

R1 =

and
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Figure 5. Typical Interface Circuit
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC104449C STD-Tp = 0°C to 70°C Commercial 16 Lead DIP 104445C
TDC104449G STD-Tp = 0°C to 70°C Commercial With Burn-In 16 Lead DIP 1044J9G
TDC1044N9C STD-Ty = 0°C to 70°C Commercial 16 Lead Plastic DIP 1044N9C

TRW reserves the right to change products and specifications without notice. This information does nat 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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Monolithic Video A/D Converter
6-bit, 25MSPS

The TRW TDC1046 is a 256 MegaSample Per Second (MSPS) e TTL Compatible

full -parallel (flash) analog-to~digital converter, capable of o 25MSPS Conversion Rate
converting an analog signal with full-power frequency
components up to 12.5MHz into 6-bit digital words. Use of a .
sample~and-hold circut is not necessary for operation of the  ® Available In An 18 Lead DIP
TDC1046. All digital inputs and outputs are TTL compatible. ® Low Cost

¢ low Analog Input Capacitance

® Selectable Output Format

The TDC1046 consists of 63 clocked latching comparators,
encoding logic, and an output buffer register. A single convert Applications
signal controls the conversion operation. The unit can be

connected to give either true or inverted outputs in binary or * Low~Cost Video Digitizing
offset two's complement coding. ® Medical Imaging

o Data Acquisition
Features o TV Special Effects
® §-Bit Resolution ¢ Video Simulators
® 1/4 LSB Linearity * Radar Data Conversion

® Sample-And-Hold Circuit Not Required

Functional Block Diagram
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LS! Products Division Phone: (619) 4571000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40601719 Rev. B-1/85
P.0. Box 2472 TWX; 910-335-1671 Printed in the USA.
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Functional Block Diagram
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Pin Assignments
Vn 1 18 Rg
Rr 2 17 Agnp
Dgnp 3 16 Dgnp
NMINV 4 15 CONV
(MSB) Dy § 14 Dg (LSB)
Dy 6 13 Dg
Dy 7 12 Dy
Ve 8 11 NLINV
Veg 8 10 Vee

18 Lead DIP - JB 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 valtages 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 mare 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.

LSI Products Division
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Power

The TDC1046 operates from two supply voltages, +5.0V and
-5.2V. The return for Igg, the current drawn from the +5.0V
supply, is DgNp. The return for Igg, the current drawn from

the -5.2V supply, is Agnp. All power and ground pins must
be connected.

Name Function Value J8, BB Package
Vee Positive Supply Voltage +50V ) Pins 8, 10
Ve Negative Supply Voltage -5 Pin 9

Dgnp Digital Ground 0ov Pins 3, 16
AgND Analog Ground oov Pin 17

Reference

The TDC1046 converts analog signals in the range

VR < VIN < VRr into digital form. Vpg ithe voltage
applied to Rp at the bottom of the reference resistor chain)
and VRT {the voltage applied to Ry at the top of the reference
resistor chain} should be between +0.1V and -1.1V. VRy
should be more positive than VRg within that range. The
voltage applied across the reference resistor chain

{VRT - VRl must be between 0.8V and 1.2V. The nominal

voltages are VRT = 0.00V and VRg = -1.00V. These voltages
may be varied dynamically up to 12.6MHz. Due to variation in
the reference currents with clock and input signals, Ry and Rp
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 Contral circuit), a
low-impedance reference source is required.

Name Function Value J8, B8 Package
Var Reference Resistor (Top) 0.00v Pin 2
Vs Reference Resistor (Bottom) -1.00v Pin 18

Controls

Two function control pins, NMINV and NLINV are provided.

These controls are for DC fi.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

QOutput Coding Table. These pins are active LOW as signified
by the prefix “N" in the signal name. They may be tied to
Ve for a logic “1” and Dgnp for a logic “0.”

Name Function Value J8, BB Package
NMINV Not Most Significant Bit INVert T Pin 4
NLINV Not Least Significant Bit INVert TIL Pin 11

Convert

The TDC1046 requires a CONVert {CONV} signal. A sample is
taken (the comparators are latched) within 5ns (tgTq) after a
rising edge on the CONV pin. This time is tgTg, Sampling
Time Offset. The 63 to 6 encoding is performed on the falling

edge of the CONV signal. The coded result is transferred to

the output latches on the next rising edge. The outputs hold
the previous data a minimum time {tyg) after the rising edge
of the CONV signal.

Name Function

Value J8, B8 Package

CONV Convert

T Pin 15

LS| Products Division
TRAW Electronic Components Group
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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 TDC1046 if it remains within the range of Vg to

+0.8V. If the input signal is at a voltage between VRT and
VRB. 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.

Name Function

Value J8, B8 Package

Vin Analog Signal Input

0V to -1V Pin 1

Outputs

The outputs of the TDC1046 are TTL compatible, and capable
of driving four low-power Schottky TTL (54/74 LS) unit loads
or the equivalent. The outputs hold the previous data a

minimum time (tq) after the rising edge of the CONV signal.

Data is guaranteed to be valid after a maximum delay time
{tp) after the rising edge of CONV. For optimum performance,
2.2 kOhm pull-up resistors are recommended.

Name Function Value J8, B8 Package
D, MSB Qutput T Pin §
Dy m Pin 6
Dg T Pin 7
D ! Pin 12
D5 m Pin 13
Dg LSB Qutput TiL Pin 14

D 110
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) !
Supply voltages
Vg (measured to Dgp! -05 to +7.0V
Vg {measured to Agyp) +05t0 -7.0V
Agnp (measured to Dgp! -05 to +0.5V
Input voltages
CONV, NMINV, NLINV {measured to Dgyp) -05 to +55V
ViN. VR, Vgp (measured to Agyp! +05 to Vg
VR (measured to Vpp) +12t0 -1V
Output
Applied voltage {measured to Dgyp) -05 to 552
Applied current, externally forced -10 to 6.0mA34
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
Vee Positive Supply Voltage (measured to Dgyp) 475 5.0 5.28 v
Vee Negative Supply Voltage (measured to Agyp) -49 -52 -55 )
VAGND Analog Ground Voltage (measured to Dgyp) -0.1 0.0 0.1 v
tPwL CONV Pulse Width (LOW) 15 ns
PWH CONV Pulse Width (HIGH) 7 ns
ViL Input Voltage, Logic LOW 08 v
Viy Input Voltage, Logic HIGH 20 v
lou Output Current, Logic LOW 40 mA
loy Output Current, Logic HIGH -04 mA
VRt Most Positive Reference (nput! -0.1 0.0 0.1 v
Vag Mast Negative Reference Input! -09 -10 [ -1 v
VRr-Vgg  Voltage Reference Differential 0.8 1.2 v
Vin Input Voltage VrB VRT v
Ta Ambient Temperature, Still Air 0 10 °C
Note:

D 112

1. Vg must be more positive than Vgg, and voltage reference differential must be within specified range.
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Electrical characteristics within specified operating conditions
p—
Temperature Range
Standard
Parameter Test Conditions Min Max Units
loc  Pasitive Supply Current Vg = MAX, static 2 mA
lee  Negative Supply Current Ve = MAX, static
Tp = 0°C to 70°C -95 mA
Tp = 70°C -75 mA
Irer  Reference Current Vet VRg = NOM 10 mA
Rper  Total Reference Resistance VRT - VRB - MAX 120 Ohms
Ry Input Equivalent Resistance VRt Vg = NOM, Vjy = Vpg 150 kOhms
Cy  Input Caparitance 30 pF
Icg  Input Constant Bias Current VEp = MAX 75 uA
I Input Current, Logic LOW Voo = MAX, V= 05V CONV -04 mA
NMINV, NLINV -08 mA
iy Input Current, Logic HIGH Voo = MAX, V) - 24V 50 uA
| Input Current, Max Input Voltage Vg = MAX, V| = 55V 10 mA
Vg  Output Voltage, Logic LOW Voo = MIN, Igp = MAX 13 v
Voy  Output Voltage, Logic HIGH Vg = MIN, Igy = MAX 24 v
lps  Short Circuit Output Current Voo = MAX, One pin to ground, -30 mA
one second duration, output HIGH
¥l Digital Input Capacitance Tp = 25°C, F = IMHz 15 pF
Note:
1. Worst Case: All digital inputs and outputs LOW.
Switching characteristics within specified operating conditions
R ——
-——-———F-_l_—__-_ —
Standard
Parameter Test Conditions Min Max Units
Fs  Maximum Conversion Rate Voo = MIN, Vge = MIN 25 MSPS
tgyg  Sampling Time Dffset Vee = MIN, Vgg = MIN 5 ns
tp Output Delay Voo = MIN, Vgg = MIN, Load 1 25 ns
tyg  Output Hold Time Voo = MAX, Vgg = MAX, Load 1 5 ns
LSI Products Division
TRW Electronic Components Group D 113
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System performance characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
By Linearity Error Integral, Independent VaT. VRg = NOM 0.4 %
Eip  Linearity Error Differential 04 %
cs Code Size VR1. VRg = NOM 50 150 % Nominal
Egr  Offset Emor  Top ViN = VRt +50 mV
Egg  Offset Eror  Bottom VIN = VB -30 mV
Tco  Temperature Coefficient (Offset Voltage) +20 uvi°C
BW  Bandwidth, Full Power Input 125 MHz
trp Transient Response, Full Scale 10 ns
SNR  Signal-to—Noise Ratio 12.5MHz Bandwidth,
25MSPS Conversion Rate
Peak Signal/RMS Noise 1MHz Input 2 dB
125MHz Input LI} dB
RMS Signal/RMS Noise 1MHz Input k] dB
12.5MHz Input 3 dB
Epp  Aperture Error 30 ps

OQutput Coding Table !
m

D 14

Binary Two's Complement
Range True Inverted True Inverted
NMINV = 1 0 0 1
158730 mvV STEP NUNV = 1 0 1 0
0.0000v 000000 mm 100000 omm
-0.0153v 000001 11110 100001 011110
[ ] L] L] L] L]
L] L] L ] L] L]
L] L] L] . .
-0.4921v o1mm 100000 mim 000000
~0.5079v 100000 mm 000000 mm
-0.5238V 100001 011110 000001 1110
L] L] L] L] L]
L] . L] L] L]
L] L] L] L] L]
-0.9841v 11110 000001 011110 100001
-1.000v mm 000000 01m 100000
Note:

1. Voltages are code midpoints when calibrated (see Calibration section).

LSI Products Division
TRW Electronic Components Group
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Calibration

To calibrate the TOC1046, adjust VRT and VRg to set the st
and 63rd thresholds to the desired voltages. In the Block
Diagram, note that Rq is greater than R, ensuring calibration
with & positive voltage on Ry. Assuming a OV to -1V desired
range, continuously strobe the converter with -0.0073V on the
analog input, and adjust VRT for output toggling between

codes 00 and 01. Then apply -0.8921V and adjust Vpg 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 & buffer offset control. Rg is &
convenient point for gain adjust that is not in the analog signal
path. These techniques are employed in Figure 5.

Typical Interface Circuit

The TDC1046 does not require a special input buffer amplifier
to drive the analog input because of its low analog input
tapacitance. A terminated low-impedance transmission fine

(< 100 Ohms) connected to the Vj 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 ampiifier and voltage reference
circuit that may be used with the TDC1046. U2 is a
wide-band operational amplifier with a gain factor of -2.

A small value resistor, R12, serves to help isolate the input
capacitance of the A/ID 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 TOC1046 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.

LS| Products Division
TRW Electronic Components Group

Input voltage range and input impedance for the circuit are
determined by resistors R1 and R2. Formulas for calculating
valugs for these input resistors are:

1

R1 =(2/E) 7
2N 1000
and
1000 R1
R2 = Z)y —( )
1000 + R1

where VR is the input voltage range of the circuit, Z)y 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
Product Temperature Range Screening Package Package
Number Marking
TDC1046J8C STD - Ty = 0°C to 70°C Commercial 18 Lead DIP 1046J8C
TDC1046J8G STD - Ty = 0°C to 70°C Commercial With Burn-In 18 Lead DIP 1046J8G
TDC104688C STD - Ty = 0°C to 70°C Commercial 18 Lead CERDIP 1046B8C
TDC104688G STD - Ty = 0°C to 70°C Commercial With Burn-In 18 Lead CERDIP 1046B8G

TRW reserves the right to change products and specifications without notice. This infarmation 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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Preliminary Information

Monolithic Video A/D Converter
7-hit, 20MSPS

The TRW TDC1047 is a 20 MegaSample Per Second (MSPS)
full-parallel (flash) 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 TDC1047 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
TDC1027, and offers increased performance with lower power
dissipation.

I N A L

Features

® 7-Bit Resolution

® 1/2 LSB Linearity

o Sample-And-Hold Circuit Not Required
® 20MSPS Conversion Rate

® Selectable Output Format

® Available In 24 Lead DIP Or CERDIP

® Evaluation Board - TDC1047E1C

Applications

® Low-Cost Video Digitizing
 Medical Imaging

e TV Special Effects

® Video Simulators

® Radar Data Conversion

Functional Block Diagram
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Functional Block Diagram
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Pin Assignments
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Viy 11 24 VN
Rp 2 23 Rg Agnp 26 :: cl"“V
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NMINV 5 20 CONV N
(MSB) D; 6 19 D7 (LSB) VN 2 14 Agnp
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Dy 9 16 Vee
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24 Lead DIP - J7 Package
24 Lead CERDIP - B7 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

those referred to voltages more negative than the input signal
will be on). The encading lagic converts the N-of-127 code
into binary or offset twa's complement coding, and can invert
either output code. This coding function is controlled by DC
signals on pins NMINV and NLINV. The output latch holds the
output constant between updates.

Power

The TDC1047 operates from two supply voltages, +5.0V and
-5.2V. The return for Igg, the current drawn from the +5.0V
supply, is Dgnp. The return for Igg, the current drawn from

the -5.2V supply, is Agnp. All power and ground pins must
be connected.

Name Function Value J7, B7 Package C3 Package
Voo Positive Supply Voltage +5.0V Pins 10, 16 Pin 12

Vee Negative Supply Voltage -5V Pins 11, 14 Pins 13, 17
Denp Digital Ground 0.0v Pins 4, 21 Pins 5, 25

AgnD Analog Ground 00v Pins 3, 12, 13, 22 Pins 4, 14, 16, 26

Reference

The TDC1047 converts analog signals in the range VR <

VIN < Vpr into digital form. VRp (the voltage applied to the
pin at the bottom of the reference resistor chain) and VR (the
voltage applied to the pin at the top of the reference resistor
chain) should be between +0.1V and -1.1V. VRT should be
more positive than VR within that range. The voltage applied
across the reference resistor chain (VRT - VRp) must be
between 0.8V and 1.2V. The nominal voltages are VR = 0.00V

and Vgg = -1.00V. These voltages may be varied dynamically
up to 7MHz. Due to variation in the reference currents with
clock and input signals, Rt and Rg 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.

Name Function Value J7, B7 Package C3 Package
Ry Reference Resistor (Top) 0.00v Pin 2 Pin 3
Rg Reference Resistor (Bottom) -1.00v Pin 23 Pin 27

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 twa's
complement, in either true or inverted sense, according to the

output coding table. These pins are active LOW as signified by
the prefix “N” in the signal name. They may be tied to Vpp
for a logic “1" and Dgnp for a logic “0."

Name Function Value J17, B7 Package C3 Package
NMINV Not Most Significant Bit INVert L Pin 5 Pin 6
NLINV Not Least Significant Bit INVert TiL Pin 15 Pin 18

LS| Products Division
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Convert

The TDC1047 requires a CONVert (CONV) signal. A sample is
taken {the comparators are latched) within the Sampling Time
Offset {tgTg! of a rising edge on the CONV pin. The 127 ta 7
encoding is performed on the falling edge of the CONV signal.
The coded result is transferred to the output latches on the
next rising edge. The outputs hold the previous data a

minimum time (tyg} after the rising edge of the CONV 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 TDC1047 is taking
input sample N + 2.

Name Function

Value J17, B7 Package C3 Package

CONV Convert

TiL Pin 20 Pin 24

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 V) pins must be used and the
source impedance of the driving circuit must be less than 30
Ohms. The input signal will not damage the TDC1047 if it

remains within the range of Vgg to +0.5V. If the input signal
is between the VRT and VRp 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.

Name Function

Value J7, B7 Package C3 Package

VI Analog Signal Input

0V to -1V Pins 1, 24 Pins 2, 28

Outputs

The outputs of the TDC1047 are TTL compatible, and capable
of driving four low-power Schottky TTL {54/74 LS} unit loads
or the equivalent. The outputs hold the previous data a

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

Name Function Value J7, B7 Package €3 Package
Dy MSB Output TTL Pin & Pin 7
Dy T Pin 7 Pin 9
Dy TTL Pin 8 Pin 10
Dy L Pin 9 Pin 11
Dg TTL Pin 17 Pin 20
Dg T Pin 18 Pin 21
Dy LSB Output TTL Pin 19 Pin 23
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Figure 1. Timing Diagram
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Operating conditions

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

Supply Voltages

Vg (measured to Dgyp) -05 to +7.0V

Vgg (measured to Agyp) +05 to -70V

Agnp {measured to Dgyp) -05 to +05V
Input Voltages

CONV, NMINV, NLINV {measured to Dgyp! -05 to +55V

V|N, VRT' VRB {mi d to AGNU) +0.5 to VEE

VRt (measured to Vg +22 to -2V
Output

Applied voltage d to Dgyp) -05 to 55V

Applied current, externally forced -10 to 6.0mA34

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.

Temperature Range
Standard

Parameter Min Nom Max Units
Vee Positive Supply Voltage {measured to Dgyp) A5 5.0 5.25 v
Vee Negative Supply Voltage (measured to Agyp) -49 -52 -565 v
VAGND Analog Ground Voltage {measured to Dgyp! -0.1 0.0 0.1 v
tpwlL CONV Pulse Width, LOW " ns
tPwH CONV Pulse Width, HIGH 14 ns
ViL Input Voltage, Logic LOW 08 v
Vi Input Voltage, Logic HIGH 20 v
loL Qutput Current, Logic LOW 40 mA
loH Qutput Current, Logic HIGH -04 mA
VRt Most Positive Reference Input! -01 0.00 0.1 v
Ve Most Negative Reference Input! -09 -1.00 -1 )
VRr-Vrg  Voltage Reference Differential 08 10 12 v
VIN Input Voltage VRB VRT v
Ta Ambient Temperature, Still Air 0 70 °C
Note:

1. VR must be more positive than Vg, and voltage reference differential must be within specified range.

LSI Products Division
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Electrical characteristics within specified operating conditions

S p—
Temperature Range
Standard

Parameter Test Conditions Min Max Units
lgg  Positive Supply Current Vee = MAX, static! 5 mA
ltg  Negative Supply Current Vg = MAX, static!

Tp = 0°C to 70°C -1 mA

Tp = 70°C -135 mA
Iner  Reference Current VT Vg =~ NOM 3 mA
Rpep  Total Reference Resistance 28 Ohms
Ry Input Equivalent Resistance VRT: VR = NOM, Vjy = Vgg 100 kOhms
Cjy  Input Capacitance 60 pF
lcg  Input Constant Bias Current Ve = MAX 150 HA
IiL Input Current, Logic LOW Vg = MAX, Vj = 0.5V CONV -04 mA

NMINV, NLINV -06 mA
iy Input Current, Logic HIGH Voo = MAX, V) = 24V 50 uh
| Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 mA
VgL Output Voltage, Logic LOW Vee = MIN, Igp = MAX 05 v
Voy  Output Voltage, Logic HIGH Veg = MIN, Igy = MAX 24 v
lps  Short Circuit Dutput Current Vee = MAX, Output HIGH, one pin to ground, -30 mA
one second duration.

C Digital Input Capacitance Tp = 25°C, F = 1MHz 15 pF

1. Worst Case: All digital inputs and outputs LOW.

Switching characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
Fg  Maximum Conversion Rate Vog = MIN, Vge = MIN 2 MSPS
tgrg  Sampling Time Offset Voo = MIN, Vgg = MIN 1 ns
tp  Output Delay Voo = MIN, Vgg = MIN, Load 1 30 ns
tyg  Output Hold Time Vee = MAX, Vge = MAX, Load 1 5 ns

LS! Products Division
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System performance characteristics within specified operating conditions
Temperature Range
Standard

Parameter Test Conditions Min Max Units
Ey  Linearity Error Integral, Independent VR1. VRg = NOM 04 %
E\p  Linearity Error Differential 04 %
€S Code Size Va1 VRg = NOM 30 170 % Nominal
Vor  Offset Voltage Top Vin = VRT +50 mv
Vgg  Offset Voltage Bottom ViN = Vs -3 mV
Teo  Temperature Cosfficient +20 uvi°C
BW  Bandwidth, Full Power Input 1 MHz
tyg  Transient Response, Full Scale 10 ns
SNR  Signal-to-Noise Ratio 7MHz Bandwith,

20MSPS Conversion Rate

Peak SignaliRMS Noise 1MHz Input 48 dB
TMHz Input 46 dB
RMS Signal/RMS Noise 1MHz Input 39 dB

TMHz Input 3 dB
Epp  Aperture Error 50 ps
DP Differential Phase Error! Fg = 4 x NTSC 15 Degree
DG Differential Gain Error! Fg = 4 x NTSC 25 %
Note:

Output Coding

1. In excess of quantization.

Binary Offset Two's
Complement
Step Range True Inverted True Inverted
-1.0000V FS NMINY = 1 0
1.874mV STEP NLINV = 1 1 0
000 0.0000v 0000000 nnm 1000000 onmm
001 -00078V 0000001 Mo 1000001 0111110
L] . L] L] L] L]
L] L] L] L] L] L]
L] . . L ] L] L]
063 - 04960V 00111 1100000 mnn 0100000
064 -05039v 0100000 0 1100000 001111
L] L] L] L] L] L]
L] . L] . L] .
L] L] L] ° L] .
126 -19021v M 0000001 0111110 1000001
127 -1.0000V LRRELT 0000000 0NN 1000000
Note:

w]

124

. Voltages are code midpoints when calibrated (see Calibration Section).
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Calibration

To calibrate the TDC1047, adjust VRT and VRp to set the 1st

and 127th thresholds to the desired voltages in the b

diagram. Note that Rq is greater than R, ensuring calibration
with a positive voltage on Ry. Assuming a 0V to -1V desired
range, continuously strobe the converter with -0.0033V on the

lock

analog input, and adjust VRT for output toggling between

toggling between codes 126 and 127. Instead of

codes 00 and 01. Then apply -0.9951V and adjust VRg for

adjusting VRT,

Rt can be connected to analog ground and the OV end of the

range calibrated with a buffer offset control. Rg

is a

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

Figure 5. Typical Interface Circuit
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1047J7C STD-Tp, = 0°C to 70°C Commercial 24 Lead DIP 1042J7C
TDC1047J7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 10471J7G
TOC104787C STD-Ty = 0°C-to 70°C Commercial 24 Lead CERDIP 104787C
TDC1047B7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead CERDIP 1047876
TDC1047C3C STD-Tp = 0°C to 70°C Commercial 28 Contact Chip Carrier 1047C3C
TDC1047C3G STD-Ty = 0°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.

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 far current information.
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Monolithic Video A/D Converter
8~hit, 20MSPS

The TRW TDC1048 is a 20 MegaSample Per Second (MSPS)
full-parallel (flash) analog-to-digital converter, capable of
converting an analog signal with full-power frequency
components up to 7MHz into 8-hit 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

o §8-Bit Resolution
e 20MSPS Conversion Rate

® Low Power Consumption, 1.6W (Worst Casel

o Sample-And-Hold Circuit Not Required

o Differential Phase 1 Degree

o Differential Gain 2%

® 1/2 LSB Lingarity

o TTL Compatible

o Selectable Output Format

o Available In 28 Lead DIP, CERDIP, Or Contact Chip Carrier
e Evaluation Board - TDC1048E1C

Applications

o |ow-Cost Video Digitizing
e Radar Data Conversion

e Data Acquisition

o Medical Imaging
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Functional Block Diagram
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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 [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

encoding logic converts the N-of-255 code into binary or
offset two's complement coding, and can invert either output
code. This coding function is controlled by DC signals on pins
NMINV and NLINV. The output latch holds the output constant
between updates.

Power

The TDC1048 operates from two supply voltages, +5.0V and
-5.2V. The return for Igg, the current drawn from the +5.0V
supply, is DgNp. The return for Igg, the current drawn from

the 5.2V supply, is AgND- All pawer and ground pins must
be connected.

Name Function Value J6, B6, C3 Package
Vee Positive Supply Voltage +5.0V Pins 6, 10

Vep Negative Supply Voltage -5 Pins 7, 8, 9
Denp Digital Ground o.0v Pins 5, 11

AgND Analog Ground 0.0v Pins 18, 25

Reference

The TDC1048 converts analog signals in the range

VRB << VN <X VRT into digital form. VRp Ithe voltage applied
to the pin at the bottom of the reference resistor chain) and
VRT (the voltage applied ta the pin at the top of the reference
resistor chain) should be between +0.1V and -2.1V. VRT
should be more positive than Vgg within that range. The
valtage applied across the reference resistor chain (VRT-VRp)
must be between 1.8V and 2.2V. The nominal voltages are VRT
= 0.0V, Vgg = -20V.

A midpoint tap, Ry, 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

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 Rg 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 circuit), a low-impedance reference source is
required. The reference voltages may be varied dynamically up
to 5MHz.

Name Function Value J6, B6, C3 Package
Ry Reference Resistor (Top) 0.ov Pin 18
Rm Reference Resistor (Middle) -10v Pin 27
Rg Reference Resistor (Bottom) -20v Pin 26

LSI Products Division
TRW Electronic Components Group

D 129




TDC1048

f IXwy

Control

Two function control pins, NMINV and NLINV are provided.

These controls are for DC (i.e. steady state) use. They permit
the output coding to be either straight binary or offset two's
complement, in either true or inverted sense, according to the

QOutput 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 Vg for a logic "1 and Dgnp for a logic “0.”

Name Function Value J6, B6, C3 Package
NMINV Not Most Significant Bit INVert TIL Pin 28
NLINV Not Least Significant Bit INVert TTL Pin 12

Convert

The TDC1048 requires a convert (CONV) signal. A sample is
taken (the comparators are latched} within 15ns after a rising
edge on the CONV pin. This time is tgTg, 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 255 to 8 encoding is performed on the falling
edge of the CONV signal. The coded result is transferred to

the output latches on the next rising edge. Data is held valid
at the output register for at least tyq, Output Hold Time, after
the rising edge of CONV. New data becomes valid after a
Digital Output Delay, tp, 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.

Name Function

Value J6, B6, C3 Package

CONV Convert

m Pin 17

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 TDC1048 if it remains within the range of
VEg to +0.5V. If the input signal is between the VRT and VRg

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.

Name Function

Value J6, B6, C3 Package

VIN Analog Signal Input

0V to -2V Pins 20, 21, 22, 23, 24

Outputs

The outputs of the TDC1048 are TTL compatible, capable of
driving four low-power Schottky TTL (54/74 LS} unit loads or
the equivalent. The outputs hold the previous data a minimum

time (tyq) after the rising edge of the CONVert signal. For
optimum performance, 2.2 kOhm pull-up resistars are
recommended.

Name Function Value J6, B6, C3 Package
Dy MSB Qutput L Pin 1
D, ' m Pin 2
0g it Pin 3
Dy m Pin 4
Dg TTL Pin 13
Dg i Pin 14
o mm Pin 15
Dg LSB Output s Pin 16
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Figure 1. Timing Diagram
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Figure 4. Output Circuits
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Absolute maximum ratings (beyond which the device will be damaged !
Supply Voltages
Ve (measured to Dgyp! =05 to +7.0V
Ve (measured to Agpl +05 to -7.0V
Agnp (measured to Dgp) -05to +05V
Input Volteges
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
ViN: VR, VRp (measured to Agyp) +05 to VgV
VRt (measured to Vgp) +22 10 -2V
Output
Applied voltage (measured to Dgyp) -05 1o +55v?
Applied current, externally forced -1.0 to +60mA34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, ambient -85 to +125°C
junction +175°C
Lead, soldering (10 seconds) +300°C
Storage -85 to +150°C
Notes:

1. Absolute maximum ratings are limiting values applied individually while all ather 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 Extanded
Parameter Min Nom Max Min Nom Max | Units
Voo Positive Supply Voltage 475 50 525 450 50 5.50 v
Vee Negative Supply Voltage -49 -5.2 -55 -43 -5.2 -55 v
VAGND Analog Ground Voltage (Measured to Dgyp) | -0.1 0 +0.1 -0 0 +0.1 v
WL CONV Pulse Width, LOW 18 18 ns
wH CONV Pulse Width, HIGH 2 2 ns
VL Input Voltage, Logic LOW 08 08 v
Vin Input Voltage, Logic HIGH 20 20 )
loL Output Current, Logic LOW 40 40 mA
loH Output Current, Logic HIGH -400 -400 UA
Var Most Positive Reference Input! -0.1 0.0 0.1 -0.1 0.0 +0.1 v
Vre Most Negative Refersnce Input! -18 -20 =21 -18 ~20 -21 v
Vet~V  Voltage Reference Differential 18 20 22 18 2 22 v
Uin Input Voltage VR VRt VB VRt v
Ta Ambient Temperature, Still Air 0 70 °C
Te Case Temperature -55 125 °Cc
Note:
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1. VR Must be more positive than Vgg, 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
lc  Positive Supply Current Vg = MAX, static! 3% 4. .| mA
lee  Negative Supply Current Vg = MAX, static'

Tp = 0°C t0 70°C -280 mA

Tp = 70°C -185 mA

Tp = -55°C to 125°C -320. | mA

Te = 125°C -180- | mA
lngr  Reference Current VRr. Vg = NOM 35 45~ | mA
Rpee  Total Reference Resistance 67 50 Ohms
Ry Input Equivalent Resistance Vet VRg = NOM, Viy = Vg 10 10 kOhms
Cjy  Input Cepacitance VRr. VRg = NOM, Vjy = Vgg 100 100 |pF
lcg  Input Constant Bias Current Vee = MAX 200 550 | uA
Iy Input Current, Logic LOW Voo = MAX, V) = 05V

CoNv -04 -04 | mA

NMINV, NLINV -06 -06 | mA
Iy Input Current, Logic HIGH Voo = MAX, V) = 24V 50 50 |uA
Iy Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 | mA
VgL Output Voltage, Logic LOW Voo = MIN, Ig. = MAX 05 05|V
VoH  Output Voltage, Logic HIGH Vg = MIN, Igq = MAX 24 24 v
lps  Short Circuit Output Current Vgg = MAX, Output HIGH, one pin to ground, -30 -30 | mA

one second duration.

C Digital Input Capacitance Tp = 25°C, F = 1MH: 15 15 | pF

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
Fg  Maximum Conversion Rate Voo = MIN, Vge = MIN 2 2 MSPS
tgrg  Sempling Time Offset Vg = MIN, Vg = MIN 0 10 0 15 |ns
tp  Digital Output Delay Voo = MIN, Vgg = MIN, Load 1 30 3B |ns
tyo  Digital Output Hold Time Voo = MAX, Veg = MAX, Load 1 5 5 ns

* LS| Products Division
TRW Electronic Components Group D 133
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System performance characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
B Linearity Error Integral, Independent Vg1, Vgg = NOM 02 02 %
Ep Linearity Error Differential 02 0.2 %
cs Code Size 25 175 i 175 % Nominal
Egr  Offset Error  Top ViN = VRt +45 +45 mV
Egg  Offset Error  Bottom Vin = VgB -30 -30 mV
Tcg  Offset Emor  Temperature Coefficient +20 +20 pvree
BW Bandwidth, Full Power Input 7 5 MHz
trR Transient Response, Full Scale 20 20 ns
SNR  Signal-to-Noise Ratio 20MSPS Conversion Rate,
10MHz Bandwidth
Peak Signal/RMS Noise 1.248MHz input 54 53 dB
2438MHz Input 53 52 dB
RMS Signal/RMS Noise 1.248MHz Input 45 4 dB
2438MHz Input a4 LX] dB
Exp - Aperture Error 60 60 ps
opP Differential Phase Error Fg = & x NTSC 1.0 10 Degree
DG Differential Gain Error Fg = 4 x NTSC 20 20 %
NPR  Noise Power Ratio DC to BMHz White Noise 365 365 dB
Bandwidth 4 Sigma Loading
1.248MHz 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 0.0000v 0.0000v 0000000 mnnm 1000000 0nm
001 -0.0078V -0.0080vV 0000001 111110 1000001 0111110
L] L) L] L] L] L] o
L] L] L] L] L] L] L]
L . L] L) L] L] *
V] -09%1V -1.0160v 0nIn 10000000 nnm 00000000
128 -1.0033v -1.0240V 10000000 [URRRRRD] 00000000 nmm
129 -1.0118v ~1.0320v 10000001 01111110 00000001 1M11110
L] L) L] L] . L] L]
L] L) L] L] L] L] L]
L] L] L] L] L] L] *
254 18921V -2.0320V mnio 00000001 0110 10000001
255 -2.0000V -2.0400V nmm 00000000 mmm 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 VRp to set the 1st
and 255th thresholds to the desired voltages. Note that Ry is
greater than R, ensuring calibration with a positive voltage on
Ry. Assuming a 0V to ~2V_desired range, continuously strobe
the converter with $0.0033V (1/2 LSB from OV) on the analog
input, and adjust"VRT for output toggling between codes 00
and 01. Then apply -1.936V (1/2 LSB from -2V} and adjust
VRp for toggling between codes 254 and 255.

The degree of required adjustment is indicated by the offset
error, EgT and Eqp. 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 Ry and Ry in the Functional Block

LSI Products Division
TRW Electronic Components Group

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

The above method of calibration requires that both ends of the
resistor chain, R and Rp, 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 contral. 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 Rg. The
bottom reference is a canvenient point for gain adjust that is
not in the analog signal path. These techniques are employed
in Figure 6.
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Typical Interface

Figure 6 shows an example of a typical interface circuit for variable capacitor permits buffer optimization, by either step
the TDC1048. The analog input amplifier is a bipolar wideband  response or frequency response. This may be replaced with a
operational amplifier, which is used to directly drive the A/D fixed value capacitor, as determined by the layout and desired
converter. Bipolar inputs may be accommodated by adjusting optimization.

the offset control. A zener diode provides a stable reference

for both the offset and gain control. All five V| pins are The battom reference voltage, VRp, is supplied by an inverting

connacted close to the device package, and the buffer amplifier  amplifier, buffered with a PNP transistor. The transistor
feedback loop should be closed at that point. The buffer has a  provides a low-impedance source and is necessary to sink the
gain of minus two, increasing @ 1 Volt p-p video input signal  current flowing through the reference resistor chain. The

to the recommended 2 Volt p-p input for the AID converter. bottom reference voltage can be adjusted ta cancel the gain
Proper decoupling is recommended for all systems, although error introduced by the offset voltage, Eqgpg, as discussed in
the degree of decoupling shown may not be needed. A the calibration section.

Figure 5. Typical Reference Midpoint Adjust Circuit
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Parts List

Resistors Integrated Circuits

R1 00Q 1/4W 5% u1 TRW TDC1048
RZ 80.7Q 1/4W 5% u2 HA-2539-5 op-amp
R3 1KQ 1/4W 5% U3 uA741C op-amp
R4 KQ 1/4W 5% U4 LM313 reference
R5 wQ 1/4W 5%

R6 KQ 14w 5% Transistors

R7 1KQ 1/4W 5%

R8 KQ 14W Multiturn Pot a1 2N2907

RS KQ 14w Muttiturn Pot

R10 10KQ 114W 5% Inductors

RN 20KQ 114W 5%

R12 27Q 114W 5% L1, 12 Ferrite beads
R13 22Q  SIP 5%

Capacitors

CI-C4  MpF 2V
G-Cl1 OAF SOV

c12 1-6pF variable
1 1000 A2
R- — Ry - ———
N 1000 + R2
Renge _ gom
VReF 2N
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1048J6C STD-Ty = 0°C to 70°C Commercial 28 Lead DIP 1048J6C
TDC1048J6G STD-Tp = 0°C to 70°C Commercial With Burn-In 28 Lead DIP 1048J6G
TDC1048J6F EXT-Tg = -55°C to 125°C Commercial 28 Lead DIP 1048J6F
TDC1048J6A EXT-Tg = -55°C to 125°C High Reliability1 28 Lead DIP 1048J6A
TDC1048C3C STD-Tp, = 0°C to 70°C Commercial 28 Contact Chip Carrier 1048C3C
TDC1048C3G STD-Tp, = 0°C to 70°C Commercial With Burn-In 28 Contact Chip Carrier 1048C36
TDC1048C3F EXT-Tp = -55°C to 125°C Commercial 28 Contact Chip Carrier 1048C3F
TDC1048C3A EXT-Tg = -55°C t0 125°C High Reliahility1 28 Contact Chip Carrier 1048C3A
TOC1048B6C STD-Tp = 0°C to 70°C Commercial 28 Lead CERODIP 104886C
TDC104886G STD-Tp = 0°C to 70°C Commercial With Burn—In 28 Lead CERDIP 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 70Z01757.

LSt Products Division
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Preliminary Information 7 INwy

Monolithic Video A/D Converter Features
7-bit, 15BMSPS o No Digital Pipeline Delay

o 7-Bit Resolution
The TDC1147 is a 7-hit “flash” analog-to-digital converter o 112 LSB Linearity
which has no pipeline delay between sampling and valid data. - :
The output data register normally found on flash AID * Sample-And-Hold Circuit Not Required
converters has been bypassed, allowing data to transfer directly © TTL Compatible
to output drivers from the encoding logic section of the circuit. e Selectable Output Format

The converter requires only one clock pulse to perform the e Available In 24 Lead DIP Or CERDIP
complete conversion operation. The conversion time is

guaranteed to be less than 60 nanoseconds. Applications

The TDC1147 is function and pin—compatible with TRW's ® Low-Cost Video Digitizing

TDC1047 7-bit flash AID converter which has an output data * Medical Imaging
register. The TDC1147 will operate accurately at sampling rates 4 Data Acquisition
up to 15MSPS and has an analog bandwidth of 7MHz. ) .

Linearity errors are guaranteed to be less than 04% over the  © High Resolution A/D Converters
operating temperature range. ® Telecommunications Systems

¢ Radar Data Conversion

Functional Block Diagram
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Functional Block Diagram
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24 Lead DIP - J7 Package
24 Lead CERDIP - B7 Package
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Functional Description

General Information

The TDC1147 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

7 Ixwy

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.

Power

The TDC1147 operates from two supply voltages, +5.0V and
-5.2V. The return path for Igg ithe current drawn from the
+5.0V supply) is Dgnp. The return path for Igg [the current

drawn from the -5.2V supply) is Agnp. All power and ground
pins must be connected.

Name Function Value J7, B7 Package C3 Package
Voo Positive Supply Voltage +6,0V Pins 10, 18 Pin 12

Vg Negative Supply Voltage -52v Pins 11, 14 Pins 13, 17
Dgnp Digital Ground 0.0v Pins 4, 21 Pins 5, 25

AgND Analog Ground 0oV Pins 3, 12, 13, 22 Pins 4, 14, 16, 26

Reference

The TDC1147 cenverts analog signals in the range

VR << V|y << VRT into digital form. VRg [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 chain} should be between +0.1V and -1.1V. Vpy
should be more positive than Vpg within that range. The
voltage applied across the reference resistor chain (VR -
VRB) must be between 0.8V and 1.2V. The nominal voltages

are VRT = D.00V and VRg = -1.00V. These voltages may be
varied dynamically up to 7MHz. Due to slight variations in the
reference current with clock and input signals, Rt and Rp
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.

Name Function Value J7, B7 Package C3 Package
Ry Reference Resistor (Top) 0.00v Pin 2 Pin 3
Rg Reference Resistor (Bottom) -1.00v Pin 23 Pin 27

Controls

Two function control pins, NMINV and NLINV are provided.
These contrals are for OC fi.e. steady state) use. They permit
the output coding to be either straight binary or offset two's

complement, in either true or inverted sense, according to the

Output Coding Table.

Name Function Value J17, B7 Package C3 Package
NMINV Not Most Significant Bit INVert L Pin § Pin 6
NLINV Not Least Significant Bit INVert e Pin 15 Pin 18

LS| Products Division

TRW Electronic Components Group D 14
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Convert

The TDC1147 uses a CONVert (CONV) input signal to initiate
the A/D conversion process. Unlike other flash AID converters
which have a one-clock-cycle pipeline delay between
sampling and output data, the TDC1147 requires only a single
pulse to perform the entire conversion operation. The analog
input is sampled (comparataors are latched) within the maximum
Sampling Time Offset (tgTQ, see Figure 11. Data from that
sample becomes valid after a maximum Output Delay Time {tp)

X Ixwy

while data from the previous sample is held at the outputs for
a minimum Output Hold Time (tyg). This allows data from the
TDC1147 to be acquired by an external register or other
circuitry. Note that there are minimum time requirements for
the HIGH and LOW portions {tpyyH, tpwL! of the CONV
waveform and all output timing specifications are measured
with respect to the rising edge of CONV.

Name Function

Value J7, B7 Package C3 Package

CONV Convert

TIiL Pin 20 Pin 24

Analog Input

The TDC1147 uses latching comparators which cause the input
impedance to vary slightly with the signal level. For optimal
performance, both Vj\ pins must be used and the source
impedance of the driving circuit must be less than 30 Ohms.
The input signal will nat damage the TDC1147 if it remains
within the range of VEg to +0.5V. If the input signal is

between the VRT and VRpg 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.

Name Function

Value J1, B7 Package C3 Package

Vi Analog Signal Input

0Vt -1V Pins 1, 24 Pins 2, 28

Outputs

The outputs of the TOC1147 are TTL compatible, and capable
of driving four low-power Schottky TTL (54/74 LS} unit loads.
The outputs hold the previous data a minimum time {tyg) after

the rising edge of the CONV signal. New data becomes valid
after a maximum time (tp) after the rising edge of the CONV
signal. The use of 2.2 kOhm pull-up resistors is recommended.

Name Function Value J7, B7 Package C3 Package
0 Most Significant Bit Output e Pin 6 Pin 7
0y L Pin 7 Pin 8
D3 T Pin 8 Pin 10
Dy T Pin § Pin 11
D m Pin 17 Pin 20
Dg T Pin 18 Pin 21
0Dy Least Significant Bit Output L Pin 19 Pin 23

D 142

LSI Products Division
TRW Electronic Components Group



TDC1147 I7i<d

Figure 1. Timing Diagram

= tPWH tPWL —

CONV
SAMPLE ﬁATP,lE |
N

ANALOG mw x’_

SAMPLE
N+ 2

— - |<— tsT10

DATA '\ V DATA DATA DATA
o orror [P XX XXXK & T T
tHo —> F—

——o— tp

Figure 2. Simplified Analog Input Equivalent Circuit
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Absolute maximum ratings (beyond which the device may be damaged) '
Supply Voltages
Vg (m d to Dgnp) -05t0 +7.0V
Vg d to Agnp! +05 to -7.0v
Agnp (measured to Dgyp! -05 to +0.5V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
le' VRT' VRB {measured to AGND' +05 t0 VEE
VRr (m d to Vgg! +22 to -2V
Output
Applied voftage (measured to Dgyp) -05 to 55V2
Applied current, externally forced -10 to 6.0mA34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -65 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
Vee Positive Supply Voltage (measured to Dgyp) 475 50 5.25 v
Vee Negative Supply Voltage (measured to Agnp! -49 -62 -55 v
VAGND Analog Ground Voltage {measured to Dgyp) -01 00 0.1 v
towl CONV Pulse Width, LOW 2 ns
tPWH CONV Pulse Width, HIGH 18 ns
ViL Input Voltage, Logic LOW 08 v

Vi Input Voltage, Logic HIGH 20 v

loL Output Current, Logic LOW 40 mA
IoH Output Current, Logic HIGH -04 mA
VRt Most Positive Reference Input! -0 0.00 0.1 v
Vg Most Negative Reference Input! -09 -1.00 -11 v
VRr-Vgg  Voltage Reference Differential 08 1.0 12 v

VIN Input Voltage VR VRt )

Ta Ambient Temperature, Still Air 0 10 °C

D 144

1. VRt must be more positive than Vpg, 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
lcc Positive Supply Current Voe = MAX, static! 25 mA
e Negative Supply Current Vee = MAX, static !
Tp = 0°C to 70°C 170 mA
Ty - 70°C 135 mA
IRer  Reference Current VRr. VRg = NOM 3 mA
Rpgr  Total Reference Resistance kL) Ohms
Ry Input Equivalent Resistance VRT. VRg = NOM, Vjy - VRg 100 kQhms
Cpy  Input Capacitance 60 pF
Icg  Input Constant Bias Current VEg = MAX 160 UA
I Input Current, Logic LOW Voo = MAX, V) = 05V CONV -04 mA
NMINV, NLINV -06 mA
[ Input Current, Logic HIGH Voo = MAX, V) = 24V 50 uA
h Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 mA
VoL Output Voltage, Logic LOW Vep = MIN, Igp = MAX 0.5 v
Voy  Output Voltage, Logic HIGH Voo = MIN, Iy = MAX 24 v
lgs  Short Circuit Output Current Voo = MAX, Output HIGH, one pin to ground, -30 mA
one second duration,
C Digital Input Capacitance Tp = 25°C, F - 1MHz 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 Voo = MIN, Vge = MIN 15 MSPS
tg7g  Sampling Time Offset Vpg = MIN, Vge = MIN 7 ns
tg  Output Delay Vee = MIN, Vge = MIN, Load 1 60 ns
tyo  Output Hold Time Voo = MAX, Vgg = MAX, Load 1 15 ns
LS| Products Division
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System performance characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Ejy  Linearity Error Integral, Independent Vg1, VRg = NOM 04 %
Eip  Linearity Error Differential 04 %
s Code Size VAT, VRg = NOM kil 170 % Nominal
VUT Offset Voltage Top VIN - Vm’ +50 mV
Vpg  Offset Voitage Bottom Vin ~ Vas -30 mV
Teo Offset Voltage Temperature Coefficient 20 uvi°c
BW  Bandwidth, Full Power Input 7 MHz
trg  Transient Response, Full Scale 10 ns
SNR  Signal-to-Noise Ratio TMHz Bandwith,

20MSPS Conversion Rate

Peak SignallRMS Noise 1MHz Input 45 dB
TMHz Input 43 dB
RMS Signal/RMS Noise 1MHz Input 36 dB

IMHz Input U dB
Epp  Aperture Error 50 ps
DP  Differential Phase Error! Fg = 4 x NTSC 15 Degree
DG Differential Gain Error! Fg = 4 x NTSC 25 %
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
0.0000v 0000000 mm 1000000 01111
-0.0078v 0000001 1o 1000001 0111110

L] [ ] L] L[] .

L] L] L] . .

L] [ ] L] L] L]
-0.4360V 0 1000000 mmm 0000000
—~05038V 1000000 o 0000000 1nm

L] L] L] L] L[]

L] L] L] L] L ]

L] L] L[] L] L]
-0.8921V M 0000001 0111110 1000001
-1.0000v mim 0000000 onnn 1000000

Note:
1. Voltages are code midpoints.

LSI Products Division
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Calibration

To calibrate the TDC1147, adjust Vg7 and VRp to set the Tst
and 127th thresholds to the desired voltages. Assuming a

0V to -1V input range, continuously strobe the converter with
-0.0039V {1/2 LSB from OV} on the analog input, and adjust
VRT for output toggling between codes 00 and 01. Then apply
-0.996V (1/2 LSB from -1V| and adjust VRg for toggling
between codes 126 and 127.

The degree of required adjustment is indicated by the offset

voltages, Vg7 and Vgg. 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 Rq and Rg in the Functional Block

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

The above methad for calibration requires that both ends of
the resistor chain, RT and Rp, are driven by variable voltage
sources. Instead of adjusting VRT, RT can be connected to
analog ground and the 0V 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 Rg. The
bottom reference is a convenient point for gain adjust that is
not in the analog signal path.

Typical Interface Circuit

Figure 6 shows an example of a typical interface circuit for
the TDC1147. 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 contral. 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

LS| Products Division
TRW Electronic Components Group

fixed capacitor, whose value depends upon the circuit board
layout and desired optimization.

The bottom reference voltage, VRp, 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, Vgp, as discussed in
the Calibration section.
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Figure 5. Typical Interface Circuit
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Ordering Information

Product Package
Number Temperature Range Screening Package Marking
TOC1142J7C STD-Tp, ~ 0°C to 70°C Commercial 24 Lead DIP 141310
TOC1147J7G STD-Tp = 0°C to 70°C Commercial With Burn~In 24 Lead DIP 1141416
TOC1147B7C STD-Tp =~ 0°C to 70°C Commercial 24 Lead CERDIP 114787C
T0C114787G STD-Tp = 0°C to 70°C Commercial With Burn~in 24 lead CERDIP 1147876
TDC1147C3C STD-Tp = 0°C to 70°C Commercial 28 Contact Chip Carrier 1147C3C
TDC1147C36 STD-Tp = 0°C to 70°C Commercial With Burn~In 28 Contact Chip Carrier 1147C36

TRW reserves the right to change products and specifications without natice. This information daes 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.

LS! Products Division
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Evaluation Boards

TRW LSI Products provides individual  peripheral circuitry which allows for
evaluation boards which are intended to  quick and convenient operation of the
be used as prototyping aids in the device. Built on double—sided printed
evaluation of particular TRW devices, circuit boards, all of TRW'’s evaluation
or as incoming inspection test fixtures. boards meet Eurocard (DIN 41612B)
Each board is fully assembled and format requirements.

tested and contains all the necessary

Board Resolution {Bits) Conversion Rate (MSPS) ECLTTL
TDC1007E1C/P1C 8 20 TIL
TDC1014E1C/PIC 6 2 Tt
TDC1019E1C 9 15 ECL
TDC1025E1C 8 50 ECL
TDC1029E1C 8 100 ECL
TDC1047E1C 7 20 TTL
TDC1048E1C 8 2 7L

LSI Products Division
TRW Electronic Components Group E 3
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TDC1007E1C
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A/D Converter Evaluation Board
8-bit, 20MSPS

The TDC1007 evaluation board is a fully assembled and tested
circuit board designed to aid in the evaluation of TRW's
TDC1007J1 8-bit video analog-to-digital {A/D) 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
pravisions are made for gain and offset adjustments. The board
requires +5 and +15 Volt power supplies.

There are two versions of the TDC1007 evaluation board. The
P1C board has a standard 22/44 format edge connector
interface, and the E1C uses the Eurocard connector format.
Features

¢ |ncludes TDC1007J1C 8-bit AID Converter

o User-Selectable Input Impedance

o UJser-Selectable Input Voltage Range

o Unipolar Or Bipolar Operation

e (ain And Offset Calibration Controls

® (perates From +5 And +15 Volt Power Supplies

e Provision For Optional Digital Output Buffers

o Eurocard (E1C) Or 22/44 Edge Connector (P1C) Format

Applications

o Evaluation Of TDC1007 A/D Converter
e System Prototyping Aid
o |ncoming Inspection Test Fixture
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Functional Block Diagram
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Pin Assignments Ognp A1 Bl -6V
Ognp A2 B2 Dgnp
Dgnp A3 B3 Dy
Dgnp A2 B4 Dg
DgNp A5 B5 Dg
Dgnp AB B6 NLINV
Dgnp A7 B7 Dg
Dgnp AB B8 D3
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Dgnp A0 B10 Dgnp
NC A 1 Agno Dgnp AN B11 D,
NC B 2 Agnp Dgnp A12 B12 Dy (MSB)
NC C 3 Agnp Dgnp A13 B13 NMINV
NC D 4 AgnD Dgnp A4 B14 Dg (LSB)
V- E 5 AgND Dgnp A15 B15 CONV
REF 2 F 6 AgnD Dgnp Al6 B16 Dgnp
V+ H 7 AgnD Dgnp A7 B17 Dgnp
REF 1 J 8 Agnp Dgnp Al8 B18 Vpe
Ay K 9 Agnp NC A19 B13 . NC
NC L 10 NC Agnp A20 B20 NC
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Functional Description

General Information

The TDC1007 evaluation board consists of four functional
sections: buffer amplifier, reference voltage generator, voltage
regulators, and A/D converter. The board is configured for

optional output data buffers. Analog and digital grounds are
separated on the board in order to provide flexibility in system
grounding.

Buffer Amplifier

The input buffer amplifier has been designed specifically for
standard baseband video. This amplifier is optimized for

75 0hm, 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 TDC1007 A/D converter. An NPN transistor buffer

follows the wideband operational amplifier to provide improved
current drive and insure frequency stability.

Components C2 and R10 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 regufators which are included on the evaluation board.

Voltage Reference

The reference voltage for the TOC1007 is generated by
operational amplifier U3B. This amplifier is buffered by a PNP
transistor (Q4) in order to supply the reference current for the

AID converter. The system gain is adjusted by varying the
reference voltage (R12).

Voltage Regulators

Two voltage regulator circuits are provided on the evaluation
board for supplying power to the buffer amplifier. U3D and Q3
provide +12 Volts for the buffer amplifier. U3A and Darlington

transistor Q2 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.

AID Converter

The TDC1007 integrated circuit is an 8-bit fully parallel (flash}
analog-to-digital {A/D) converter capable of digitizing an input
signal at rates up to 20MSPS (MegaSamples Per Second). A
single convert (CONV) signal controls the conversion operation
of the device. The TDC1007 consists of 265 sampling

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 TDC1007.

Output Interface

The TDC1007E1C 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

resistors or data buffers is recommended when the board is to
drive long data lines. The data outputs of the TDC1007 are
routed directly to the edge connector.

E7
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Mechanical Design

The two versions of the evaluation board (P1C, E1C) differ in
mechanical configuration. The P1C board is designed to
interface with a standard 22/44 contact edge connector. The
E1C 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 TDC1014 6-bit
AID converter by using the 24 lead BIP footprint found inside

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 TDC1007
integrated circuit. These may be substituted with a “Zero
Insertion Force” (ZIF) socket when the board is used as a test
fixture. A recommended ZIF socket is made by Textoal, Inc.,
part number 264-4433-00-0602.

Power Supplies

The TDC1007 evaluation board operates from three power
supply voltages: +5.0, +15, and -15 Volts. The return path for
Ice (current from the +5.0 Volt power supply) is Dgnp. The
return path for [+ and !- (current from the +15 and -15 Volt
supplies) is Ag\p- A user—installed jumper option routes the

-6.0 Volt regulator output to the edge connector. The use of
all ground pins is recommended. Diodes Do through Dg
function as voltage clamps which will prevent damage to the
board if improper power supply voltages are applied.

Name Function Value E1C PIC
Vee Positive Logic Power Supply +5V B18 M
V+ Positive Analog Power Supply +15V B24 H
V- Negative Analog Power Supply =15V B21 E
AgND Analog Ground o A20-A32 1-9
B22
B25
B28
Dgnp Digital Ground o A1-A18 1n-21
B2
B9
B10
B16
B17
-6V Jumper Optional -6 Volt Output -6V B1 1

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. Both input impedance and input valtage range
may be changed. The values of input resistors R1 and 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.

Name

Function

Value E1C P1C

AN

Analog Input Voltage

See Text B21 K

- EB

LSI Products Division
TRW Electronic Components Group
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Reference

The TDC1007 evaluation board includes circuitry for generating
the voltage reference for the A/D converter. In addition, there

- A4 {4

is an auxilliary -1.0 Volt reference voltage provided. These
voltages are available at the edge connectors.

Name Function Value E1C P1C
REF 1 Auxilliary -1.0 Volt Qutput -1 B23 J
REF 2 -2.0 Volt Reference Output - B26 F

Control Inputs

Two cantral inputs are provided on the TDC1007 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

using these DC controls, the output data can be represented in
binary, inverse binary, twa’s complement, or inverse two's
complement formats. Output data versus input voltage and
control input state is illustrated in the Qutput Coding Table.

Name Function Value E1C P1C
NMINV Not Most Significant Bit INVert TTL B13 R
NLINV Not Least Significant Bit INVert TTL B6 w

Convert

The TDC1007 A/D converter is sampled within 10ns (tgTq) after
the rising edge of the CONV signal. Delays through buffer
amplifier U2 are not included in tg7(. Output data is latched

on the next rising edge of the CONV signal. Note that there
are minimum pulse width {tpyH, tpw|! requirements on the

waveshape of the CONV signal.

Name

Function

Value

E1C

P1C

CONV

AID Clock Input

T

B15

N

Data Outputs

The outputs of the TDC1007 evaluation board are TTL
compatible and capable of driving four low-power Schottky
unit loads (54/74LS). Data remains valid after the rising edge of
the CONV signal for @ minimum time, tyg, and the next data
becomes valid after 2 maximum time of tp. The evaluation

board has provisions for optional 74S04 data buffers (Ub, UB).
When installing these circuits, it is necessary to open traces on
the board which connect the inverter inputs to their

corresponding outputs.

Name Function Value E1C P1C
D; Ms8 Most Significant Data Bit TTL B12 S
Dy TIL BN T
Dy L B8 U
Dy e B7 )
Dg TiL BS X
Dg L B4 Y
0; L B3 z
Dg LSB Least Significant Data Bit TTL B14 P

LSI Products Division

TRW Electranic Components Group
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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 Value E1C P1C
NC No Connect Open A19 10
B19 A B
B20 C.D
B29-B32 L

Figure 1. Timing Diagram

1

—_ t | t

Fs PWH ) PWL —
SAMPLE N M F;LE | pMPLE
N

TDC1007 ANALOG INW ‘k____
— - ’-A ts10

TDC1007 DIGITAL OUTPUT } ' //  DATA XXXXXX DATA DATA
! N N-1 N N+1
tHU — l<7
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Absolute maximum ratings (beyond which the board may be damaged) '
Power Supply Voltages
Vg (measured to Dgyp) -05 to +7.0V
V+ (measured to Agyp! -0.5 to +18.0V
V- (measured to Agyp! +05 to -18.0v
AGND (m dto DGND) +05 10 -0.5V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
Ay (measured to Agyp! +45 10 -45V6
Output
Applied voltage -05 to +55 V25
Applied current, externally forced -10 to +6.0 mA34S
Short circuit duration (single output in HIGH state to Dgpp) 1 sect
Temperature
Operating, ambient -40 to +90°C
Storage -65 to +150°C
Nates:

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.

Applied voltage must be current limited to specified range.
Forcing voltage must be limited to specified rangs.

Current is specified as positive when flowing into the device.
Applies to TDC1007 IC only, excluding optional data buffers.
With input impedance of 75 Ohms, as supplied.

Operating conditions

Parameter Min Nom Max Units
Voo Positive Supply Voltage (measured to Dgpp) 475 5.0 52 | V
V+ Positive Supply Voltage (measured to Agpp! 14.25 15.0 15.75 )
V- Negative Supply Voltage (measured to Agyp) -14.25 -150 -1875 | V
VagND  Analog Ground Voltage (measured to Dgyp) -0 0.0 0.1 )
oyt CONV Pulse Width, LOW! 2% ns
twH  CONV Pulse Width, HIGH' 15 ns
iL Input Voltage, Logic LOW 08
Vi Input Voltage, Logic HIGH 20
loL Qutput Current, Logic LOW? 40 mA
lof  Output Current, Logic HIGH? -400 uh
Ay Input Voltage Range3 00 10 v
Ta Ambient Temperature, Still Air 0 70 °C
Notes:
1. Applies to the TDC1007 IC only.
2. TDC1007 IC only, excludes optional output data buffers.
3. 752 Input Impedance as supplied, U2 offset zeroed.
LSI Products Division
TRW Electronic Components Group EN
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Electrical characteristics within specified operating conditions
p—
Parameter Test Conditions Min Max Units
Icc  Positive Supply Current Voo = MAX 100 mA
I+ Positive Supply Current V+ = MAX 40 mA
1- Negative Supply Current V- = MAX -540 mA
Zy  Input Impedance ' 70 80 Ohms
It Input Current, Logic LOW? Vep - MAX, V- 05 ;Z‘U mA
M Input Current, Logic HIGH? Voo = MAX, V) = 24V 75 uA
VgL Output Valtage, Logic LOW? Vg = MIN, Ig; = 4mA 05 | v
Vgy  Output Voltage, Logic HIGHZ Veg = MIN, lgy = -400uA 24 v
Notes:
1. As supplied, user selectable.
2. Applies to the TOC1007 IC only, excludes optional output data buffers.
Switching characteristics within specified operating conditions !
- . .}
Parameter Test Conditions Min Max Units
Fg  Maximum Conversion Rate Veg = MIN, Veg = MIN 20 MHz
tstg  Sampling Time Offset? Voo = MIN, Vge = MIN 0 10 ns
tg  Output Delay Time? Veg = MIN, Vg - MIN 40 ns
tyo  Output Data Hold Time3 Veg = MIN, Vgg = MIN 10 ns
Notes:
1. All parameters apply to TOC1007 IC only.
2. Excludes delay from buffer amplifier, U2.
3. Excludes optional output data buffers.
TDC1007J1C performance characteristics within specified operating conditions !
S S
Parameter Test Conditions Min Max Units
E;y  Linearity Error Integral, Independent 03 %
Ep  Linearity Error Differential 03 %
BW  Bandwidth, Full Power Input 7 MHz
DP  Differential Phase Error NTSC @ 4x Color Subcarrier 10 Degrees
DG Differential Gain Error NTSC @ 4x Color Subcarrier 11 %

Note:

1. Items listed in this table are for the A/D converter only. Contributions to these parameters from the buffer amplifier are naot significant.

E 12
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Output Coding

Binary Two's Complement
Input Voltage ! True Inverted True Inverted
NMINV = 1 0 1
NLINV = 1 0
0.0000 00000000 mum 10000000 o
+0.0039 00000001 mine 10000001 0111110

L] L] . . L]

L] L] L] L] L]

L] L] L] . L]
+04978 0111111 10000000 nnm 00000000
+05017 10000000 onnm 00000000 M

L] L] L] L] L]

L] L] L] . L]

L] L L] L] L]
+0.9956 I 00000061 010 10000001
+10000 i 00000000 011 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.)

Calibration

The evaluation board is calibrated by adjusting the offset and
gain trim resistors, R11 and R12. Offset can be calibrated
when a voltage corresponding to 1/2 LSB above “zero-scalg”
is applied to the board input. The "OFFSET” potentiometer is
then turned to a point where the output data toggles between

LS| 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
“1MIne

E 13
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Input Resistor Selection Table (Values in Ohms)

Input Voltage Range

Zn T v v T 10V

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
50 0 523 A8 203 34 1217 402 3] 453 499
75 0 805 M4 3.2 562 1.1 504 154 8.1 75
93 0 102 464 487 698 217 75 181 845 9.31
1k 0 Open 489 1k 750 332 808 249 909 110

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 RZ:

o1
R2 '(vn 1
N 1000

1000 R2
H1 = ZIN -\
R2 + 1000
where VR is the desired input voltage range of the board, Zj\

is the desired input impedance of the board, and the constant
value 1000 is given by the value of R3.

LS| Products Division
E 14 TAW Electronic Components Group
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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 TDC1007€1C DIN 41612 B

Eurocard connector for Winchester 64S-6033-0422-1,
mating with TDC1007E1C  DIN 41612 B

64 lead IC socket for U1 Robinson -Nugent
ICN-649-S5-G1 or

ICN-643-S5-U1
Heat sink for Q2 Thermalloy 60738
Mica washer for Q2 Delbert Blinn 500-125-2
Stitch-weld pins for Moore Systems 700508

R1 and R2

Notes for Figure 2. Schematic of Evaluation Board

1. All capacitor values are in microFarads («F) unless otherwise noted.
2. Al capacitor voltage ratings are S0WVDC unless otherwise noted.
3. All resistors are 1/8W unless otherwise noted.

4, All resistor values are in Ohms.

5. All Diodes are 1N4001.

6. Values for C2 and R10 are selected during manufacturing.

7. R23 is an eight-resistor SIP, 2.2 kOhms, 1/4W (not supplied).

8. Edge connector numbers in parentheses (B18, etc.) are for TDC1007E1C.
9. Agnp pins for TDC1007E1C are B22, B25, B28, A20 to A32.

0. DgNp pins for TDC1007E1C are B2, BY, B10, B16, B17, A1 to A18.
1. Pins 27, 31, 44, and 45 of U1 are connected to Dgpp.

2. Pins 1-10, 23-25, and 51-64 of U1 are connected to AgNp.

1

1
1

LSI Products Division
TRW Electronic Components Group E 15
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Figure 2. Schematic Of Evaluation Board
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TDC1007PIC Assembly
4
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Notes:
1. R23, U5 and U6 not supplied.

2. All dimensions in inches.
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TDC1007E1C Assembly
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Notes:
1. R23, U5 and UB not supplied.

2. All dimensions in inches.

Ordering Information

Product Description Order

Number Number
TDC1007E1C Eurocard Format Board With A/D Converter TDC1007E1C
TDC1007P1C 22/44 Edge Format Board With A/D Converter TDC1007P1C

LS| Products Division
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AID Converter Evaluation Board Features

6-bit, 25MSPS e Includes TDC1014 6-Bit AID. Converter
o User-Selectable Input Impedance

The TDC1014 evaluation board is a fully assembled and tested o User-Selectable Input Voltage Range

circuit board designed to aid in the evaluation of TRW's Ser=opleciaule fnpdt Yoltag g

TDC1074 6-bit video analog-to-digital (AID} converter. The . e

board contains circuitry for buffering input signals, generating ~ ® Gain And Offset Calibration Controls

reference voltages, and regulating en—board power supply ® Operates From +5 and +15 Volt Power Supplies

voltages. All digital inputs and outputs are TTL compatible, and o Optional Digital Output Buffers

T e Yot o oot sasments. The D93 o eurocag (E10) Or 2244 Edge Cometor PIC) Forma

® Unipolar Or Bipolar Operation

There are two versions of the TDC1014 evaluation board. The Applications
P1C board has a standard 22/44 format edge connector e Evaluation Of TDC1014 AID Converter
interface, and the E1C uses the Eurocard (DIN 41612B) e System Protatyping Aid

connector format. . . )
0 ® Incoming Inspection Test Fixture

TDC1014E1C

=

TDC1014P1C

LS! Products Division ) Phone: (619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40600279 Rev. C-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 92038



TDC1014E1C / TDC1014P1C

I N AS L

— —
Functional Block Diagram
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Pin Assignments
Dgnp At B1 -6V
Denp A2 B2 Dgnp
Dgyp A3 B3
Dgnp A4 B4 Dg (LSB)
Dgnp A5 B5 Dj
DgNp A8 B NLINV
Dgnp A7 B7 Dy
Dgyp A8 B8 Dj
Dgnp A9 B3 DgNp
Dgyp A10 B10 Dgnp
Dgnp ANl B11 D NC A 1 Agp
Dgp A12 B12 Dy (MSB) NC B 2 Agnp
Dgnp A13 B13 NMINV NC C 3 Agnp
Dgnp At B14 NC NC D 4 Agnp
Dgnp A1S B15 CONV V-.E 5 Agnp
Dgnp A1B B16 Dgnp REF 2 F 8 AgnD
Dgnp A17 B17 Dgnp V+ H 7 Agnp
Dgnp AlB B18 Vgo REF 1 J 8 Agnp
NC A19 B19 NC AN K 9 Agnp
Agnp A20 B20 NC NC L 10 NC
AgNp A21 B21 Ay Vee M 11 Dgnp
Agnp A22 B22 Agnp CONV N 12 Dgnp
Agnp A23 - B23 REF 1 NC P 13 Dgnp
Agnp A28 B24 V+ NMINV R 18 Dgnp
Agnp A25 B25 Agnp (MSB) Dy § 15 Dgnp
Agnp A28 B26 REF 2 Dy T 16 Dgnp
Agnp AZ7 B27 V- D3 U 17 Dgnp
Agnp A28 B28 Agnp Dy V 18 Dgnp
Agnp A28 B29 NC NLINV W 19 Dgnp
Agnp A0 B30 NC Dg X 20 Dgnp
Agnp A3 B3l NC (LSB) Dg Y 21 Dgnp
Agnp A2 B32 NC NC Z 2 -8V
TDC1014E1C TDC1014P1C
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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 A/ID converter. The board is configured for

optional input and output data buffers. Analog and digital
grounds are separated on the board in order to provide
flexibility in system grounding.

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 A/D converter receives a

full -scale input signal from 0 to -1 Valt.

The buffer amplifer is capable of driving the input capacitance
of the TDC1014 A/D converter. An NPN transistor buffer

follows the wideband operational amplifier to provide improved
current drive and insure frequency stability.

Components C2 and R10 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.

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 (R12).

Voltage Regulators

Two voltage regulator circuits are provided on the evaluation
board for supplying power to the buffer amplifier. U3D and Q3
provide +12 Volts for the buffer amplifier. U3A and Darlington

transistor 02 provide -6 Valts 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.

A/D Converter

The TDC1014 integrated circuit is a B-bit fully parallel {flash

analog-to-digital (A/D) converter capable of digitizing an input
signal at rates up to 25MSPS (MegaSamples Per Secondl. A

single convert (CONV) signal controls the conversion operation
of the device. The TDC1014 consists of 63 sampling

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.

Output Interface

The TDC1014E1C and P1C boards have provisions for 74804
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

resistors or data buffers is recommended for optimum results.
The data outputs of the TDC1014 are routed directly to the
edge connector.
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Mechanical Design

The two versions of the evaluation board (P1C, E1C) differ in
mechanical configuration. The P1C board is designed to
interface with a standard 22/44 contact edge connector. The
E1C board is designed to meet the “Eurocard” format and
interface with a standard 64 conductor Eurocard (DIN 416128}
connector. Mating edge cannectors are included with each
evaluation board.

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 footprint) with
appropriate circuit changes.

The board has a standard 28 pin socket for the TDC1014
integrated circuit. [t may be substituted with a “Zero Insertion
Force” (ZIF) socket if the board is used as a test fixture.

Power Supplies

The TDC1014 evaluation board operates from three power
supply voltages: +5.0, +15, and - 15 Valts. The return path for
Icc lcurrent from the +5.0 Volt power supply} is Dgnp. The
return paths for |+ and I- (current from the +15 and -15
Volt supplies) is Agnp. A user-installed jumper option routes

the -6.0 Volt regulator output to the edge connector. The use
of all ground pins is recommended. Diodes Og through Dg
function as voltage clamps which will prevent damage to the
board if improper power supply voltages are applied.

Name Function Value EiC P1C
Voo Positive Power Supply +5V B18 M
V+ Positive Power Supply +18V B24 H
V- Negative Power Supply -18v B37 E
AGND Analog Ground o A20-A32 1-9
B22
B25
B28
Dgnp Digital Ground o A1-A18 n-21
B2
B9
B10
B16
B17
-6V Jumper Optional -6 Volt Qutput -6V B1 2

Analog Input

The TDC1014 evaluation board is configured with a nominaf
input impedance of 75 Chms 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

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.

Name Function

Value EIC P1C

AN Analog Input Voltage

See Text B21 K

E 2
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Reference

The TDC1014 evaluation board includes circuitry for generating is an auxilliary ~2.0 Volt reference voltage provided. These
the voltage reference for the A/D converter. In addition, there voltages are available at the edge connectors.

Name Function Value E1C P1C
REF 1 -1.0 Volt Reference Output - B23 J
REF 2 Auxilliary -2.0 Volt Qutput A B26 F
Control Inputs
Two control inputs are provided on the TDC1014 evaluation using these OC controls, the output data can be represented in
board for madifying the format of the output data. When binary, inverse binary, two's complement, or inverse two's
NMINV is tied to a logic “0," the most significant bit of the complement formats. Output data versus input voltage and

output data is inverted. When NLINV is tied to a logic “0," the  control input state is illustrated in the Output Coding Table.
five least significant bits of the output data are inverted. By

Name Function Value E1C P1C
NMINV Not Most Significant Bit INVert L B13 R
NLINV Not Least Significant Bit INVert TIL 86 w
Convert
The comparators in the TDC1014 A/D converter are latched Output data is latched on the next rising edge of the CONV
within 10ns ftgTp) after the rising edge of the CONV signal. signal. Note that there are minimum pulse width [{tpyyh, tpw!
Delays through the buffer amplifier are not included in tgT(Q. requirements on the waveshape of the CONV signal.
Name Function Value E1C P1C
CONV AID Clock Input i B15 N
Data Outputs
The outputs of the TDC1014 evaluation board are TTL board has provisions for optional data buffers {74S04). When
compatible and capable of driving four low-power Schottky installing these circuits, it is necessary to open traces on the

unit loads (54/74LS). Data remains valid after the rising edge of  hoard which connect the inverter inputs to their corresponding
the CONV signal for a minimum time, typ, and the next data outputs.
becomes valid after a maximum time of tp. The evaluation

Name Function Value E1C PiC
Dy (MSB) Most Significant Data Bit TIL 812 S
0, TIL Bi1 T
0 m B8 u
Dy L 87 v
D T B5 X
Dg (LSB) Least Significant Data Bit L B4 Y

LSI Products Division
TRW Electronic Components Group E 2%
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No Connects
There are several pins or contacts to the TDC1014 evaluation
board that have no cannection to the circuit. These pins may
be left open.
Name Function Value E1C P1C
NC No Connect Open A3 10
B19 AB
B2 D
B29-B32 L
B3 z
B4 P
Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the board may be damaged)’

Power Supply Voltages

Ve (measured to Dgyp) -05 10 +7.0V

V+ (measured to Agyp) -05 to +18.0V

V- {measured to Agyp) +05 to -18.0V

Agnp (measured to Dgyp) +05 to 0.5V
Input Voltages

CONV, NMINV, NLINV {measured to Dgnp! -05 to +55V

Ay (measured to Agyp) +45 to -45V6
Qutput

Applied voltage -05 to +5.5\3/3':

Applied current, externally forced -10to +6.0mA™"

Short circuit duration (single output in HIGH state to Dgnp) 1 sec’
Temperature

Operating, ambient -40 to 90°C

Storage -65 to 150°C
Nate:

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.

Applied voltage must be current limited to specified range.
Forcing voltage must be limited 1o specified rang2.

Current is specified as positive when flowing into the device.
Applies 10 TOC1014 IC only; excludes optional output data buffers.
With input impedance of 75 Ohms, as supplied.

Operating conditions
—*

Parameter Min Nom Max Units
Vee Supply Voltage (Measured to Dgpp) 475 50 5.25 )
V+ Positive Supply Voltage (Measured to Agyp) 14.25 150 15.75 v
V- Negative Supply Voltage (Measured to Agyp) -14.25 -150 -18.75 v
VagnD  Analog Ground Voltage (Measured to Dgyp) -0.1 00 +0.1 )
towe  CONV Pulse Width, LOW' 19 ns
twy  CONV Pulse Width, HIGH' 15 ns
ViL Input Voltage, Logic LOW 08 )
Vi Input Voltage, Logic HIGH 20 v
loL Output Current, Logic LOW? 40 mA
loH Output Current, Logic HIGH? -400 uA
Ay Input Voltage Range3 0.0 190 v
Ta Ambient Temperature, Still Air 0 70 °C
Notes:

1. Applies to the TDC1014 IC only.
2. TDC1014 IC only; excludes optional output data buffers.
3. 75Q input impedance, as supplied, U2 offset zeroed.

LS! Products Division
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Electrical characteristics within specified operating conditions
PR

Parameter Test Conditions Min Max Units

lcc  Supply Current Vee = MAX 100 mA

I+ Positive Supply Current V+ = MAX 4 mA

1- Negative Supply Current V- = MAX -300 mA

Z)y  Input’fmpedance 0 80 Ohms

I Input Current, Logic LOW' Voo = MAX, VI = 05V -20 mA

Iy Input Current, Logic HIGH Vog = MAX, VI - 24V 75 HA

Vg, Output Voltage, Logic LOW Vgg = MIN, Igp = 4mA s | v

Voy  Output Voltage, Logic HIGH' Veg = MIN, Igy = -400 1A 24 v

Note:

1. Applies to the TDC1014 IC only; excludes optional output data buffers.

Switching characteristics within specified operating conditions '
L

Parameter Test Conditions Min Max Units

Fg Maximum Conversion Rate Vee = MIN, Vge = MIN 25 MSPS

tsyp  Sampling Time Offset? Vep = MIN, Vgg = MIN -2 10 ns

g Output Delay’ Ve = MIN, Veg = MIN 35 ns

tyg  Output Hold Time? Vee = MIN, Veg = MIN 10 ns

Note:
1. All parameters apply to the TDC1014 IC only.

2. Excludes delay from buffer amplifier, U2.
3. Excludes optional output data buffers.

TDC1014J7C performance characteristics within specified operating conditions '

Parameter Min Max Units
Ey Linearity Error Integral, Independent 04 %
E\p  Linearity Error Differential 0.4 %
BW  Bandwidth, Full power Input 12 MHz

1. lems listed in this 1able are for the AID converter only. Contributions to these parameters for the buffer amplifier are not significant.

LS Products Division
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Output Coding '

Input Voltage Binary Two's Complement
True Inverted Trus Inverted
NMINV = 1 0 0 1
NLINV = 1 0 1 0
0.0000 000000 mim 100000 o
+0.0159 000001 mmo 100001 011110

L] L] L] L] L]

L] L] L L] .
+0.4920 0nnm 100000 mm 000000
+0.5079 100000 o1 000000 1mn

L] L] L] L] L]

L ] . L] L] L ]
+0.9841 1o 000001 011110 100001
+1.0000 mm 000000 011 100000

Note:
1. Input valtage range is fram 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

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.”

The evaluation board is calibrated by adjusting the offset and
gain trim resistors, R11 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 Ohms}

I |
Input Voltage Range E
Iy l} w w 5 10V
R1 R2 R1 R2 R1 R2 R R2 R1 R2
50 249 255 314 121 432 6.19 453 499 475 249
75 374 392 56.2 19 649 953 68.1 750 ns 37
93 464 487 63.8 27 80.6 18 845 9.3 88.7 484
1K 439 1000 750 332 866 143 909 10 953 52.3

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 RZ:

1
@) &
Zy/ 1000

1000 R2
D

R2 -

LS| Products Division
TRW Electronic Components Group

where VR is the desired input voltage range of the board, Z|y
is the desired input impedance of the board, and the constant
valug 1000 is given by the value of R3,

E 29
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Schematic of Evaluation Board
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Notes for Schematic of Evaluation Board

All capacitor values are in microFarads { uFl.

All capacitor voltage ratings are S50WVDC unless otherwise noted.

All resistors are 1/8W unless otherwise noted.

All resistor values are in Ohms.

All diodes are 1N4001.

Values for C2 and R10 are selected during manufacturing.

R23 is an eight-resistor SIP, 2.2kOhms 1/4W (not supplied).

Edge connector numbers in parenthes (B18, etc.) are for TOC1014E1C.
Agnp pins for TDC1014E1C are B22, B25, B28, A20 to A32.

0. Dgnp pins for TDC1014E1C are B2, BY, B10, B16, B17, Al to A1S.

Miscellaneous

E 32

Edge connector for mating TRW Cinch 271-22-30-1690
with TDC1014P1C

Euracard connector mounted ~ Winchester 64P-6033-0430,

on TDC1014E1C DIN 416128

Eurocard connector for Winchester 64S-6033-0422-1,
mating with TDC1014E1C DIN 416128

Heatsink for 02 Thermalloy 60738

Mica washer for Q2 Detbert Blinn 500-125-2
Stitch-weld pins for Moore Systems 700508

R1 and R2

LS| Products Division
TRW Electronic Companents Group
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TDC1014E1C Assembly
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TDC1014P1C Assembly
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Notes:
1. R23, US and UB not supplied.
2. All dimensions in inches.
Ordering Information
Product Description Order
Number Number
TDC1014E1C Eurocard Format Board With A/D Converter TDC1014E1C
TDC1014P1C 22/44 Edge Format Board With A/D Converter TOC1014P1C
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A/D -Converter Evaluation Board
9-Bit, 15MSPS

The TDC1019 evaluation board is a fully assembled and tested ~  Unipolar Or Bipolar QOperation

circuit board designed to aid in the evaluation of TRW's o Gain And Offset Calibration Contrals
TOC1019 9-bit video analog~to-digital (A/D) converter. The o Mid-Scale Linearity Adjustment Control
board contains circuitry for buffering the input signal, )
generating reference voltages, regulating supply voltages, and * Operates From +15 and ~5.2 Volt Power Supplies
buffering output data. Al digital inputs and outputs are ECL o Differential ECL Output Buffers

compatible. Provisions are made for gain, offset, and linearity e Low Profile Eurocard Format

adjustments. The board requires -5.2 and +15 Volt power

supplies. Applications

Features e System Prototyping Aid

) ® Incoming Inspection Test Fixture
® Includes TDC1019 9-Bit A/D Converter .
o User-Selectable Input Impedance e Evaluation Of TDC1013 AID Converter

® User-Selectable Input Voltage Range

TDC1019E1C

LS| Products Division Phane: (619) 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40601698 Rev. B-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 92038
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Functional Block Diagram

Dgnpz >
Denpr > 1 | /177
v > +12V REG Ogno
#VAVAV
Al —1-\
AN >—W\ﬁ—‘— AAA e ViN
%nz TOC101941 1
Agnp > —— A £ L
GND ) % GND <
Rt
v-> -6V REG ‘5 %-3 > > Di-g
Di_g r > 0
25¢
VOLTAGE 3
BAND- R
oAP REFERENCE B
CONV > CONV
CONV - CONV Vg
VEE1 D~ )
Ve >
Pin Assignments
Dgnpy Al B1  Dgnp2
CONV A2 B2 CONV
(LSB) D_g A3 B3  Dg(LSB)
by A4 B4 Dg
O; AS B5 Dy
D AS BS Dg
05 A7 BT D
b A8 B8 Dy
0; A9 B Dy
b, A10 BI0 D;
(MSB) 5? AN B11 Dy (MSB)
Dgnp2 A2 B12 NC
Dgnp2 Af3 B13 NC
Dgnp2 At4 B14  Vggy
Dgnp2 Al15 B15 NC
Dgnp2 Al6 B16 NC
Dgnpz AY7 B17  Dgnpz
Dgnpy Al8 B18 NC
Dgnpy A19 B1S  Vggy
Dgnp1 A20 B20 NC
Dgnpy A21 B21  Dgnps
Agnp A22 B22 NC
Agnp A23 B23 Vppg
Agnp A28 B2 Vpgr
Agnp AZ5 B25 NC
Agnp A26 B2 Ay
Agnp A27 B27 -6V
Agnp A28 828 V+
Agnp A29 B29 NC
Agnp A3D B30 V-
Agyp A3t B31 Q1 SUPPLY
Agnp A32 B32 NC
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Functional Description

General Information

The TDC1019 evaluation board consists of four circuit blocks:
the buffer amplifier, reference voltage generator, voltage
regulators, and A/D converter. The board also contains

g axuy

differential ECL output data buffers. Analog and digital grounds
are separated on the board in order to provide flexibility in
system grounding.

Buffer Amplifier

The input buffer amplifier has been designed specifically for
standard baseband video. This amplifier is optimized for a 75
Ohm, 1 VoIt p-p input level. It has a gain factor of -2 and
can offset the output so that the A/D 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

wideband operational amplifier to provide improved current
drive capability and insure frequency stability.

Components C2, C8, C18, and R10 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.

Voltage Reference

The reference Voltage for the TDC1019 is generated by
operational amplifier U3A. This amplifier is buffered by PNP
transistor, 04, in order to supply the reference current for the
AID converter. Gain is adjusted by varying R12 which changes

the reference voltage. The sense tap at the bottom of the
reference resistor chain is used insids the loop of U3A to
minimize the offset Vaoltage caused by parasitic resistances
assaciated with the RB pin of the TOC1019.

Voltage Regulators

Two voltage regulator circuits are provided on the evaluation
board to supply power to the buffer amplifier. U3C and 03
provide +12 Volts while U3D and transistor Q2 provide -6

Volts. Both regulators and the voltage reference circuit are
referred to the output of U4, a 2.5 Volt bandgap voltage
reference device.

AID Converter

The TDC1019 integrated circuit is a 9-bit fully parallel (flash]
analog-to~digital {A/ID) converter capable of digitizing an input
signal at rates up to 1BMSPS (MegaSamples Per Second).
TDC1019 evaluation boards come with the standard 15MSPS
AID converter installed. A speed selected (~1) version of the
TDC1019 is capable of 18MSPS operation. A differential ECL
CONVert (CONV) signal controls the conversion aperation of the

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.

Output Interface

The evaluation board includes differential ECL line receivers
(MC10116) for buffering the output data. Provisions are also

LS! Products Division
TRW Electronic Companents Group

made for terminating all data outputs. Termination resistors are

not included with the board.
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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.

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” (ZIF} socket if the
evaluation board is used as a test fixture. A recommended ZIF
socket is made by Textoo! Inc, part number
264-4493-00-0602.

Power Supplies

The TDC1019 evaluation board operates from three power
supplies, -5.2, +15, and -15 Valts (Vgg1 and Vggg, V+, and
V-!. Power to the AID is supplied by Vggq while the ECL
output buffers are powered from Vgg. These are kept
separate on the board but may be connected to the same
power source. The return path for Iggq lcurrent from VEgq) is
DgNp1- The return path for Iggp lcurrent from VEE9) is
DgND2- The return path for |+ and |- fcurrent from V+ and

V-lis Agnp. It is recommended that all ground pins be used.
The output of the -6 Valt regulator is routed to the edge
connector for the user's convenience. Power for the collectar
of Q1 may be supplied to the board separately by breaking
jumper A-B andusing egde connector pin B31. Diodes Dp
through Dg function as voltage clamps which prevent damage
to the board should improper power supplies be applied.

Name Function Value EIC
V+ Positive Analog Power Supply 15V B28, B31
V- Negative Analog Power Supply -15v B30
VERY Negative Supply For A/D Converter -5V B19
Vepn Negative Supply For Data Buffers ~5.2V B14
AgND Analog Ground 0.0v A22-AR2
DgnDy Digital Ground 0ov A18-A21
B21
Denm2 Digital Ground For Data Buffers 0.0v A1, B
A12-A17
‘ B17
-6.0 ~6 Volt Regulator Output -6.0v B27
Q1 Supply Optional Positive Power Supply 15V B31

Analog Input

The TDC1019 evaluation board is configured with a nominal
input impedance of 75 Ohms and an input voltage range of
1 VoIt p-p. Both input impedance and input voltage range
may be changed. The values of input resistors R1 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

AN Signal Input To Board

See Text B26
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Reference

The evaluation board contains all of the circuitry needed for The reference voltage and reference sense points are

generation of a stable reference voltage for the A/D converter. accessible through the edge connector.
Name Function Value EiC
VRer Reference Output Voltage -20V B24
VRes Reference Sense Output -2V B23

Convert

The TDC1018 A/D converter is sampled within 10ns (tgTg) of on the next rising edge of the CONV signal. Note that there
the rising edge of the CONV signal. Delays through buffer are minimum pulse width (tpwH, tpwL) requirements on the
amplifier U2 are not included in tgTq. Output data is latched waveshape of the CONV signal.

Name Function Value E1C
CONV CONVert Command Input ECL B2
CONV CONVert Command Input {Complement) ECL A2

Digital Outputs

The outputs of the TDC1019 evaluation board are differential of the CONV signal for a minimum time, tqQ, and the next

ECL compatible. Provisions are made for terminating resistors data becomes valid after a maximum time of tp.

for each data output. Data remains valid after the rising edge
Name Function Value E1C
D1 (MSB) Most Significant Data Output ECL BN
D (Ms8) Most Significant Data Output (Inv} ECL AN
Dy ‘ ECL B10
0 ECL A10
D3 ECL B9
by ECL A
Dy ECL B8
[in ECL A8
D5 ECL B7
3 ECL A7
Og ECL BS
Dg ECL A6
) ECL B5
0; ECL A
Dg ECL B4
Dg ECL A4
Dg (LSB) Least Significant Data Output ECL B3
Dg (LSB) Least Significant Data Output (inv) ECL A3
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No Connects

There are several pins on the TOC1019 evaluation board that
have no connections to the circuit. These pins may be left
open.

Name Function Value EiC

NC No Connection Open B12, B13
B15, B16
B18, B20
B22, B2
B2, 832

Figure 1. Timing Diagram

— o tpwWH —==—tPWL
CONV S ] ’
- . - —_———

CONV w .
SAMPLE ‘ $§MIAPLE ‘ ’ SAMPLE
+

TDC1019 ANALOG INPUT | | ‘+~+2\__

\

—_— “——‘STO

. ;
DATA DATA DATA

'NO — |t——
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Absolute maximum ratings (beyond which the board may be damaged)’
Power Supply Voltages
Vggy (measured to Dgypq) +05 0 -7.0v
Vepy (measured to Dgypo! +05 to -7.0V
V+ (measured to Agyp) -05 to +18.0V
V- (measured to Agyp) +05 to -18.0V
Vagnp | d to Dgnp) +05 to -05v
Vpgnp2 (measured to Dgypy! +0.5 t0 -05V
Input Voltages
CONV, CONV (measured to Dgyp) +05 to -7.0V
Ay {measured to Agnp) +45 t0 -45V?
Temperature
Operating ambient -40 to 90°C
Storage -65 to 150°C
Nates:

Operating contitions

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 75 Ohms, as supplied.

Parameter Min Nom Max Units
VER| Negative Power Supply (measured to Dgpp1) -49 -52 -85
Vepy Negative Power Supply (measured to Dgypo) -49 -52 -55 v
V+ Positive Power Supply (measured to Agp) +14.25 +15.0 +15.75 v
V- Negative Power Supply (measured to Agyp) -1425 | -150 -15.75 v
VaGND Analog Ground {measured to Dgypy) -0.1 00 +0.1 v
Vpgnpz  Digital Ground {measured to Dgppy) -01 00 +0.1 v
towL CONV Pulse Width LOW' 2% ns
tPwH CONV Pulse Width HIGH' k7l ns
ViL Input Voltage Logic LOW' -4 | v
Vi Input Voltage Logic HIGH' -10 v
Ay Input Voltage RangeZ 00 10 v
Ta Ambient Temperature Range, Still Air 0 +50 °C
Notes:
1. Applies to the TDC1019J1C integrated circuit only.
2. 75 Ohm input impedance, as supplied, U2 offset zeroed.
LS| Products Division
TRW Electronic Components Group E 41




TDC1019E1C 2{72
N AL
Electrical characteristics within specified operating conditions
Paramster Test Conditions Min Max Units
lggy  Negative Supply Current Vggy = MAX! -850 mA
lggg  Negative Supply Current Vepp = MAX2 =70 mA
I+ Positive Supply Current V+ = MAX 125 mA
1- Negative Supply Current V- = MAX -150 mA
Z)y  Input Impedance n 80 Ohms
VgL Output Voltage, Logic LOW Vegy=NOM? -185 ) V
Voy  Output Voltage, Logic HIGH VEE1-N0M2 -0.81 )
Notes:
1. Applies to the TDC1019 integrated circuit only.
2. Applies to the MC10116s only, without termination.
Switching characteristics within specified operating conditions !
Parameter Test Conditiohs Min Max Units
Fg  Maximum Conversion Rate Vegy = MIN 15 MSPS
tsrp  Sempling Time Offset Vegy = MIN 0 10 ns
tg  Output Delay Time® Veg) = MIN 39 ns
tyo  Output Data Hold Time? Vggy = MIN 7 ns
Note:
1. Applies to the TDC1019 integrated circuit only.
2. Delays through buffer amplifier U2 not included.
3. Delays through data buffers U7, UB, and U3 are included.
TDC1019J1C performance characteristics within specified operating conditions !
Parameter Test Conditions Min Max Units
E\;  Linearity Error Integral, Independent VR, Vgg = NOM, VRM unadjusted 03 %
By Linearity Error Integral, Independent VR VRg = NOM, VRM adjusted 0.15 %
Elp  Linearity Error Differential VR Vrg = NOM 0.15 %
BW  Bandwidth Full Power Input 5 MHz
DP  Differential Phase NTSC @ 4x Color Subcarrier, VRM adjusted 10 degrees
DG  Differential Gain NTSC @ 4x Color Subcarrier, VRM adjusted 20 %
Note:

E &

1. ftems listed in this table are for the A/D Converter only. Contributions to these parameters from the buffer amplifier are not significant.
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Calibration

The evaluation board is calibrated by adjusting the “OFFSET” applying a voltage 1/2 LSB less than full-scale and adjusting
and “GAIN" trim resistors, R11 and R12. Offset is calibrated the "GAIN" potentiometer until the output data toggles

when a voltage corresponding to 1/2 LSB greater than between “111111110” and “111111111." A linearity adjustment
“zero-scale” is applied to the board input. The “OFFSET” potentiometer {"MID”, R5) is included on the board to provide
potentiometer is then adjusted until the output data toggles the user with a fine adjustment of the integral linearity of the

between “000000000” and "“000000001.” Gain is calibrated by AID converter,

1019E1C Output Coding Table !

OVF2 OVF Di-g Di_g
-0.00185 1 0 000000000 mmn
0.000 0 1 000000000 mumm
+0.0015 0 1 000000001 1111110

L] L L] . .

L] L] L] . .

L] L] L] L] L]
+0.4990 0 1 nmu 100000000
+0,50097 0 1 1000000000 o1

. . . L] .

L] L] L] L] L]

L] . L] L] L]

+.89804 0 1 1110 000000001
+1.000 0 1 i £00000000
+1.00192 0 1 11111 000000000
Note:

1. Input voltage range is from 0.00 to +1.00 Volt, no offset added. (lnput voltages are at code centers and the voltage offset of the buffer amplifier is
nulled.)

2. Applies to TDC1018J1C integrated circuit only [Pins 28 and 29).
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Schematic of Evaluation Board
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Notes for Schematic of Evaluation Board

. All resistor values are in Ohms.

N OO S WN —

Miscellaneous

Eurocard Connector mounted

on TDC1018E1C DIN 416128
Eurocard Connector for mating ~ Winchester 64S-6033-0422-1,
TDC1019E1C DIN 416128

64-pin IC socket for U1

. All capacitor values are in microFarads [uF).
. All capacitor voltage rating are S0WVDC unless other wise noted.
. All resistors are 1/8W unless otherwise noted.

. All diodes are TN4001 unles otherwise specified.
. Values for C2, C8, C18 and R10 are selected during manufacturing.
. R27 through R30 are eight-resistor SIPs, 2.2k0hms 1/4W (nat supplied).

Robinson-Nugent
|CN-643-S5-G1 or
ICN-643-S5-U1

Winchester 64P-6033-0430,

Stitch—Weld pins for R1 and R2 Moore Systems 700508

Input Resistor Selection Table (Values in Ohms)

Input Voltage Range

N W w W ] 10v
i R Ri A2 RI A2 Rl A2 Ri R2
5 0 523 23 03 a4 127 402 0 453 499
7 0 808 a4 2 6.2 181 804 154 88.1 15
8 0 102 44 487 £38 37 75 194 85 831
] 0 apen 499 I 750 m 808 29 809 10

For input voltage ranges and input impedances not covered by ‘

the Input Resistor Selection Table, the following farmulas may
be used to calculate R1, and R2:

1
A2 =Ry 1
Zy/ 1000
1000 R
AT = Zn '(ﬂz . won)

Where VR is the desired input voltage range of the board, Z|y
is the desired input impedance of the board, and the constant
value 1000 is given by the value of R3.

E 46
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TDC1019E1C Assembly
, 1
7 d‘)— O @) 0130

H o &

Pl

o -] 3680
G 100-030-0CC—0 [
W'I wzwa wn W5 cn °
& —a .
° n LE o :
Gl=0 o o °
\.) R14 °
o Q
. :
“ofy
"ome m BEE :
b & @ m Elﬂmm °
)
o rreetmio & §&E) o ® —
0.144 DIAMETER
é_o‘ IN FOUR PLACES O 0.130
: 0.300 *
6.300

6.600

Note: 1. *These two pins wired together to make WE.

Ordenng Information

Product Numbar Description Order Number

TDC1019E1C Eurocard Format Board With AID Converter TDC1018E1C
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High—Speed A/D Converter Evaluation Board
8-Bit, 50MSPS

The TDC1025 evaluation board is a fully assembled and tested ® User Selectable Input Voltage Range

circuit board designed to aid in the evaluation of TRWs o Adjustable Offset For Unipolar Or Bipolar Operation
TDC1025 8-bit, high-speed analog-to-digital (A/D) converter. Gain And Offset Calibration Controls

The board contains circuitry for buffering the input signal, . .

generating reference voltages, regulating supply voltages, and ~ ® Differential ECL Qutput Data

latching output data. All digital inputs and outputs are ECL ® Eurocard Format

campatible. Provisions are made for gain and offset L

adjustments. The board requires ~5.2 and +15 Volt power Applications

supplies. * Evaluation Of TDC1025 A/D Converter
Features:  System Prototyping Aid

o ' .
o Includes TDCI025 8-Bit AID Converter Incoming Inspection Test Fixture

® User Selectable Input Impedance

LSl Products Division Phone: (613} 457-1000 ©TRW Inc. 1385
TRW Electronic Components Group Telex: 697-957 40G00391 Rev. D-1/85
PO. Box 2472 TWX: 910-335-1571 Printed in the US.A.

La Jolla, CA 82038
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Functional Block Diagram

DNz -

Dennt - + /J7
v >_———: +12V REQ. [ [’—‘ i
Ry Veor Ve s
\ AAA 4:
L v [ 't\]> Y b3
LR3 Toc102s out > 04
Agxp > LT D1y /‘ LATEH
-> -62V REG. {37} out > Dy
i L Ve s
Rr $ <
TN ey WA N . 3
CONV_ TONV VEE
]
CONV )—————————  TIMING |
> CLK OUT
2 > —> Vegy
TDC1025E1C Eurocard Edgeconnector Pinout
Al NC B1 Dgnp2
A2 NC B2 Dgnp2
A3 NC B3 Dgnp2
A4 Dy (MSB) B4 Dy (MSB}
A D, B5 D)
A5 Dy BS D3
AT Dy B7 Dy
A Dy B8 D5
A3 D B9 Dg
A0 Dy B10 Dy
A1l Dy (LSB} B11 Dg (LSB)
A12 NC B12 Dgnp2
A13 NC B13 Dgnp2
A4 NC B14 Dgnp2
A5 NC B15 Dgnp2
A6 NC B16 NC
A17 NC B17 Dgnp2
Al Vep B18 Vgg)
A19 NC B19 Dgnp2
A2 NC B20 Dgnp2
A21  CONV B21 Dgnp2
A22 CLK ouT B22 NC
A23 NC B23 Dgnp1
A28 Vegy B24 DgNp1
A25 NC B25 NC
A26 NC B26 Agnp
A21 NC B27 Agnp
A8 Ay B28 Agyp
A23 NC B29 Agnp
A3 V+ B30 Agnp
A31 NC B31 Agnp
A2 V- B32 Agnp

E 50

LSI Products Division
TRW Electronic Companents Group



TDC1025E1C

I N AS 44

Functional Description

General Information

The TDC1025 evaluation board consists of five functional
sections: the input buffer amplifier, reference voltage generator,
voltage regulators, A/D converter, and output data latches.

Analog and digital grounds are separated on the board for
flexibility in system grounding.

Buffer Amplifier

The analog input amplifier provided on the evaluation board is
a differential amplifier comprised of transistor array U2, Q5,
and Q1. The input signal is routed to the non-inverting input
of the buffer through R1 and R2. These two resistors may be
selected to provide scaling of the input voltage and input
impedance. Values of R1 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 TDC1025E1C is
supplied with a 1V p-p input voltage range and a 50 Ohm
input impedance referenced to Agyp (R1 = 0, R2 = 489
Ohms).

An offset adjustment potentiometer (R28) is provided to level
shift input signals. The offset adjustment is also useful in

calibration of the A/D converter. This voltage is fed from U3A
through R10 and decoupled by C3. Q1 provides current
buffering to drive the analog input of the A/D 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 A/D converter. R11 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
(Omni-Spectra 2062-0000-00 or equivalent] at J4, and R60
and R61 onto the board. The suggested values are 470 Ohms
for R60 and 49.3 Ohms for RG1.

Voltage Reference

On the TDC1025E1C, Ry of the A/D converter is connected to
AgND, and Rp is connected to the -2V reference valtage. 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 (R30) for the adjustment
of Rp. This adjustment allows optimization of integral linearity,
although this is not required to mest the converter
specifications. A preferred low-impedance midpoint driving
circuit is shown in the TDC1025 data sheet.

The master voltage reference is provided by U4 (+2.5V
band-gap voltage source). This valtage is applied to

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,
Q4, 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, Rgg and Rys, 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 TDC1025 A/D converter data
sheet.

Voltage Regulators

Two voltage regulators are provided on the evaluation board to
supply power to the buffer amplifier and the AID converter.
U3D and Q3 supply +12 Volts and U3B and Q2 supply -5.2

LS! Products Division
TRW Electronic Components Group

Volts. Both regulators and the voltage reference circuit, U3C
and Q4, are referred to the output of U4, a 2.5 VoIt band-gap
reference device.
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AID Converter

The TDC1025 integrated circuit is an 8-bit, fully parallel (flash)
AID converter, capable of digitizing an input signal at rates up
to 50MSPS (MegaSamples Per Second). The TDC1025E1C
evaluation board has the A/D converter in a leaded chip carrier
package (L1) installed. A differential ECL CONVert (CONV) signal
controls 265 sampling comparators, enceding 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. Note that there are minimum
pulse width {tpyyL, tpwH! requirements on the CONV signal.
Refer to the Timing Ofagram {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.

Mechanical Design

The TDC1025E1C board is designed to meet “Eurocard” format
and is compatible with the standard DIN 41612B 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 TDC1025C1) when

the evaluation board is used as a test fixture. The user must
remove the A/D converter before installing the chip carrier
sacket. Application Note TP-34 “Design Tips For The TDC1026
High-Speed A/D Converter” discusses sackets appropriate for
use with the evaluation board.

Thermal Considerations

The TDC1025L1 supplied with the board has thermal
characteristics similar to other high-performance ECL devices.
With ambient temperatures above 45°C, 500 L.EPM. moving air
is required to cool both the A/D and the ECL interface devices.
Uniform cooling also ensures that temperature induced

logic—level shifts between devices are minimized, resulting in
good noise immunity. The ambient temperature of the
TDC1025L1 should not be allowed to exceed 70°C during
operation. A heatsink should be added if dictated by the
system environment.

Analog Input

The SMA connector (J2) 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 (AgNp!
returns are located on pins Agg—39 of the edge connector. The
use of J2 will provide superior performance at higher

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 left open to prevent noise
pickup when the SMA connector is in use.

Name Function

Value E1C

AN Analog Input Signal

WV p-p A28, 12

Convert

A single-ended CONV signal may be applied via an on-board
SMA connector (J31, or Pin A21 of the edge connector. A
differential ECL CONV signal is generated from the
single—ended input CONV signal by Ub. This differential CONV

signal is applied to the A/D converter as well as the delay line
{Z1). 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.

Name Function Value E1C
CONV Single-Ended CONV Signal Input ECL A1
CLK ouT Delayed Clock Output ECL A22

E 52
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Power

The TDC1025E1C evaluation board operates from three external  (Dg through Dq9) are provided for protection in case of

power sources: -5.2VDC (Vgpl, +16VDC (V+], and -15VDC excessive differential ground potentials or reversed supply

(V-1. Other voltages are generated on the board by voltage polarity.

regulator circuits: —5.2VDC (Vggq), and +12VDC. The A/D

converter chip and amplifier are powered from Vgg, while the  Ground isolation on the board is provided for flexibility in

ECL output latches and terminators are powered from VEgg. system grounding. Optimizing the A/D performance can be
VEE1 and Vggg are separated in order to keep the A/D accomplished by connecting all grounds at the power source or
converter supply as noise-free as possible. The return path for  directly at the chip. Since no two systems are alike,

IgEq (current from VEgq) is Agnp and Dgnpi. The return path  experiments with various ground connections should be made
for Iggg (current from Vggg) is Dgnpp- The return path for 1+ to achieve the best A/D performance. Analog ground noise

and |- {current from V+ and V-] is Agnp. All power and should be minimized (i.e. from digital switching, clocks, etc.)
ground pins must be used. Diodes connected between grounds ~ whenever possible.

Name Function Value E1C

V+ Positive Analog Power Supply +15V A0

V- Negative Analog Power Supply -15V A32

Ve Negative Supply Output 5.2V A4

ViR Negative Supply For Data Latch -5V A18, B18

Asno Analog Ground 0.V B26-B32

DeND1 TOC1025 Digital Ground v B23, B24

Dgnn2 Digital Ground For Data Latch 0.0v B1-3, B12-15, B17, B19-21

Digital Outputs

The Q and O outputs of the data latches (UB thru U9) are lines are routed to another circuit board or system, termination
routed to the edge connector. Provisions have heen made on at the signal destination is recommended. If the data lines are
the board for installing terminator resistor SIPS on each data only observed at the edge connector, then termination on the
line. Standard ECL practices require source or load terminating  evaluation board is recommended.

resistors in order to minimize ringing and overshoot. If the data

Name Function Value E1C
Dq (MSB) Most Significant Data Output ECL M
E(MSB) Mast Significant Data Output Complement ECL B4
0y ECL A5
0y ECL B
0y ECL A8
03 ECL B
0 ECL M
0y ECL 87
D ECL A8
05 ECL B8
0 ECL A9
05 ECL B9
) ECL AD
i ECL B10
Dg {LSB) Least Significant Data Output ECL Al
Q(LSB) Least Significant Data Qutput Complement ECL B11

LSI Products Division
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the board may be damaged)!

Power Supply Voltages

Vg {measured to Dgyp) +05 to -7.0V

V+ (measured to Agyp) -05 to +18.0V

V- (measured to Agnp) +05 to -18.0V

Dgnp1 (measured to Agnp) +05 to -0.5V

Dgnpg (measured to Agng) +05 to -05V
Input Voltages

CONV (mi d to Dgyp2) +05 to =55V

Ay {measured to Agyp) +25 to to -25V2
Output

Short circuit duration (single output to Dgpy) indefinite
Temperature

Operating ambient 0 to +70°C3

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 LF.P.M. moving air.
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Operating conditions

Parameter Min Nom Max Units
Vg Negative Power Supply (measured to Dgypq)® -43 -62 -55 v
Vip Negative Power Supply (measured to Dgypa) -49 =52 -55 v
V+ Positive Power Supply (measured to Agyp) +14.25 +15.0 +15.75 v
V- Negative Power Supply (measured to Agyp! -14.25 -150 -15.75 )
VAGND Analog Ground {measured to Dgyp1) -0.1 0.0 +0.1 v
VgD Digital Ground (measured to Dgypa) -01 0.0 +0.1 v
tPwL CONV Pulse Width, LOW 8 ns
tPWH CONV Pulse Width, HIGH 10 ns
ViL Input Vohtage, Logic LOW' ~1.63 )
M Input Voltage, Logic HIGH! -098 v
AN Input Voltage Range? 0.0 -10 )
Ta Ambient Temperature Range? 0 10 °c
Nates:

1. Applies to U5 only.

2. 500 LEPM. required above 45°C.

3. Vggy 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

lggp  Negative Supply Current Vegg = MAX ~500 mA

1+ Positive Supply Current V+ = MAX, V- = MAX 150 mA E
1- Negative Supply Current V+ = MAX, V- = MAX -900 mA

VoL Output Voltage, Logic LOW Vegy = NOM! -85 | v

Voy  Output Voltags, Logic HIGH Vegy = Nom! -081 v

Note:

1. Applies to data latches (Ug through Ug) only.

Switching characteristics within specified operating conditions
T

Parameter Test Conditions Min - Max Units
Fg  Maximum Conversion Rate 50 MSPS
tp  Data Qutput Delay Vegp = MIN note 2 note 2 ns
tgrg  Sampling Time Offset! 10 ns
160 CLK OUT Delay note 3 note 3 ns
Notes:

1. Applies to TDC1025 integrated circuit only (excludes buffer emplifier).
2. Delay time determined in manufacturing process.
3. User selectable with delay line, 1.
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Schematic of Evaluation Board
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Device performance characteristics within operating conditions

Parameter Test Conditions Min Max Units
Ey  Linearity Error, Integral, Independent VRr, Vgg = NOM'2 03 %
Eyp  Linearity Error, Ditferential VT, Vgg = NOM ™2 03 %
Bandwidth, Full Power Input! 125 MHz
Notes:

1. Applies to TDC1025 integrated circuit only. Contributions from buffer amplifier are negligible.
2. RM is not adjusted.

Calibraton

The evaluation board is calibrated by adjusting the “OFFSET” applying a voltage 1/2 LSB less than full-scale and adjusting
and “GAIN" trim resistors, R28 and R29. Offset is calibrated the “GAIN" potentiometer until the output data toggles between
when a voltage corresponding to 1/2 LSB greater than *11111110" and *11111111." A linearity adjustment potentiometer
“zero-scale” is applied to the board input. The “OFFSET" {R30} can be installed by the user on the board to provide a
potentiometer is then adjusted until the output data toggles fine adjustment of the integral linearity of the A/D converter.

between “00000000" and“00000001." Gain is calibrated by

Input Resistor Selection Table (Values in Ohms)

Input Voltage Range

4N v v L 5V 1oV

Input

Impedance

Rl R2 R R2 Rl R2 Rl R2 Rl R2

500 0.00 499 29 249 374 W 124 402 %W 100 453 W 499 %W
75Q 0.00 750 34 4 562 %W 187 60.4 %W 150 68.1 2W 150 %W
930 0.00 931 464 464 698 %W 22 750 W 187 845 2w 931

1000Q 0.00 10K 499 499 750 248 806 200 909 100

Notes:

1. 509, 1V option supplied.
2. Resistors are 1%, 1/8 Watt unless otherwise specified.

For input voltage ranges or input impedances not shown in the
table, the following formulas may be used to calculate R1
and RZ:

R1 + R2

4N - RU+ B2 VRANGE = 2

LSI Products Division
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Notes for Schematic of Evaluation Board

1. Al resistor values are in Ohms.
All resistors are 1/BW unless otherwise noted.
All capacitor values are in microFarads unless otherwise nated.
All capacitors are 50WVDC unless otherwise noted.
All diodes are 1N4148 unless otherwise noted.
R58 is a quad 220/330 Ohm terminator SIP.
Z1 is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5.
L1 is a ferrite bead inductor, Fair-rite part number 2743001112.
9. AgND pins on the TDC1025L1 are: 46, 50, 55, 8.
10. Dgnp pins on the TDC1025L1 are: 8, 28, 39, 64.
11. VEga pins on the TDC1025L1 are: 13, 14, 16, 18, 20, 22, 23.
12. Vggp pins on the TDC1025L1 are: 7, 29.

13. Values for components C5, R15, R62, R65, REG are determined during the
manufacturing process.

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

15. Components R30, R31, R45, R47, R48, R54, R55, R5Y, RGO, R61, J4, are user options
and are not included with the board.

Miscellaneous Evaluation Board Parts

J2 - J4 SMA PCB Jack (3} Winchester Plug 64P-6033-0430
(J4 not included)

Omni-Spectra PIN 2062-0000-00  Winchester Socket 64S-5033-0422-1

Qutput Coding Table Input voltage range is from 0.00 to -1.00 Volt. (Input voltages E
are at code centers and the voltage offset of the buffer ‘
Input Voltage Binary Output amplifier is nulled.) \
0.000v 00000000
-0.0039v 00000001 ‘
L] L]
L] L]
L] L]
04380V 01111110
-05020v 0
-0.5058V 10000000
o [ ]
L] L]
L] L]
09361V Mo
-1.0000v nmm
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TDC1025E1C Assembly

0.130
MR O =1

@)
2
|
|

Notes:
1. Dimensions are in inches.

2. " not supplied.

Ordering Information

Product No. Description Order No.

TDC1025E1C Eurocard Format Board With A/D Converter TOC1025E1C
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Preliminary Information

High—peed A/D Converter Evaluation
Board
6-bit, 100MSPS

The TRW TDC1028E1C is a fully assembled and tested circuit
board designed to aid in evaluating the high-speed TDC1029
flash A/D converter. The board comes complete with the A/D
converter installed in a socket, ready to accept and digitize a
1V 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 0°C to 70°C ambient temperature
range !, 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.

Features

o 100 MegaSamples Per Second IMSPS)

® 50MHz Input Bandwidth

o Includes TDC1029J7C A/D LSI Converter

o Selectable Input Impedance

o 1V Input Range

o Adjustable Offset For Unipolar Or Bipalar Inputs
* Configured For On-Board DAC Reconstruction
© Balanced ECL Output Buffering

® Comparator Circuit For Clock Generation

® Low Profile Eurocard Format DIN 416128

Applications

® TDC1029 Evaluation
o System Prototyping
o Test Fixture

LSI Products Division
TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

e,
©TRW Inc. 1985
40G01248 Rev. C-1/85
Printed in the U.SA.

Phone: (619) 457-1000
Telex: 697-957
TWX: 910-335-1571
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Functional Block Diagram
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Functional Description

General Information

The TDC1023E1C 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 aperation of the
AID converter, including impedance matching, timing and logic
interface, power supply regulation, and generation of
references.

The A/D converter is mounted into the board with
low-inductance pin sockets. These sockets will withstand up
to ten removal cycles.

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 (ZIF} sockets are accommodated by the
board to support this application. If clearance for a ZIF socket
is not sufficient, bypass capacitors C1 and C2 can be removed
and reverse~mounted on the foil side of the board.

Power and Grounding

The TDC1029E1C operates from three supply voltages, +15.0V,
-16.0V 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 VEg1 supply is derived from the -15.0V supply by
regulator UB, and furnishes power for the A/D. 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 Vggq is not

sufficient to supply Vggo 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
comman paint; usually at the power supplies. For optimum
performance of the TDC1029E1C 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.

Name Function Value Connector

V+ Positive Supply Voltage +15.0V A30

V- Negative Supply Voltage =150V A31, A32

Vg Digital ECL Supply -5 A8, B18

AN Analog Ground 0v B26-832

Dgnp Digital Ground 0.0v B1, B2, B14-B17, B1S, B20, B22-B24

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 TDC1023 A/ID converter is
achieved when the analog signal lies between -0.3V and
~1.3V. Therefore, the two reference potentials VRT and VRg
must be offset 0.3V below analog ground. VRt is fixed at
-0.3V (nominall, while Vgg may be adjusted between -0.5V
and -1.V.

LS! Products Division
TRW Electronic Components Group

Voltage reference U4 provides & master reference of 2.5V, from
which both VR and VRT are derived. The 2.5V is inverted and
scaled by US, which drives current—~follower Q2. Capacitors C9
and C10 bypass VRT to give a stable reference of -0.3V.

Gain-control dividers R30 and R49 provide between 0.8V and
25V from the 2.5V reference, which is amplified by U5.
Current gain is given by Q1, which is capable of sinking 40mA,
and providing from -0.5V to -1.5V to VRg. 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
{CONV) 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 B21 (CONV)
for balanced inputs. Clocking the board from the edge
cannector 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 UG. 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 tg7q Ins), the input comparatars of
the AID are latched, thus sampling the analog input. There is a
one clock cycle pipeline delay in the A/D converter. The digital
data is valid on the AID outputs tpq Ins) after the next rising
edge of CONV. The output data is registered by U3 on the
rising edge of the Register ClocK (RCLK). After an output delay
of trpg (ns), 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

f IXwy

user. Pads for SIP resistor networks are provided. For 130
Ohm source termination, R10 = R12 = 220 Ohms, and

R11 = R13 = 330 Ohms. Alternatively, the digital outputs may
be driven into any Thevenin equivalent of -2 Volts and

50 Ohms minimum terminating impedance.

Delay line Z1 provides delays from 1 to 10ns in Tns
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 (U7) if one is used. This Delayed
ClocK (DCLK) is available on pin A22 of the edge connector. A
complementary clock output (DCLK) 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 W1 and W2, which allows
U3 to register all, every other, or every fourth digital output
from the A/D. As configured, the board will output a new
word for each conversion cycle. For special testing {such as
beat frequency), W1 and W2 can be configured as shown in
Table 1 to decimate the output data by two or four. The
decimated U3 register clock (RCLK) is available on pin A12 of
the edge connector. A complementary output (RCLK) is
provided on pin B12 for driving differential ECL lines.

Name Function Value Connector
CONV CONVert Clock Input Text A2
CONV CONVert Input Complement Text B21
RCLK Register Clock Input ECL A12
RCLK Register Clock Complement ECL Bi2
DCLK Delayed Clock Output ECL A2
DCIK Delayed Clock Complement ECL A2

Analog Input

The SMA connector labeled J2 is one of two analog inputs to
the board. By installing a jumper (W3], 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
B28. 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 26pF capacitive load up to the highest
frequency of interest.

The input signal is capacitively coupled to the input termination
consisting of R21, RS0, and R62. The board presents a 50 Ohm
impedance to the analog input, with a full -scale range of 1.4V
p-p. The values of R21 and R50 can be adjusted by the user
for other input impedances.
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Analog Input (Cont.)

The input termination (R21, R50, R52) results in a 3dB
attenuation, giving a 1.0V p-p full-scale input at the A/D. The
input range of the A/D is fixed by the reference endpoints
VRp and VR, 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 VRg and VRT. 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 (U4)
reference is divided by R28, then inverted by US.
Emitter—follower Q3 gives current gain and a low-impedance
output which sinks up to 35mA through the termination
network. The resulting offset voltage is 0.0V to -2.4V,
depending on the setting of R28.

The response at the A/D input is attenuated less than 1dB 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 J1 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 J1 is approximately 25dB for frequencies up to 60MHz
when terminated with 50 Ohms.

R1 and Rqg4 help match the A/ID analog input impedance to the
coaxial source impedance, minimizing reflections and equalizing
delay to each of the analog inputs.

Name Function Value Connector
AlNpc AC-Coupled Analog Input Text J2, A28
AlNpe DC-Coupled Analog Input Text Ji

Data Outputs

The digital outputs D1-Dg 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 (D1), as shown in
Table 2.

Name Function Value Connector
Dy (MSB) Most Significant Data Qutput ECL A4

0; IMSB) MSB Output Complement ECL B4

) ECL A5

0, ECL 85

D3 €L AB

iR ECL BS

0y ECL A7

04 ECL B7

D ECL A8

05 ECL B8

Dg (LSB) Least Significant Data Output ECL A3

Dg (S8 LSB Output Complement ECL B9
LSI Products Division
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Digital-to-Analog Converter

Pads are provided to mount a high-speed 8-bit registered
digital-to-analog (D/A) converter (U7) on the board for signal
recanstruction. The pinout is configured for the TDC1018J7, an

B8-hit, 126MSPS DIA, available from TRW. Other DIAs may be
used by installing jumpers between the circuit board traces and
pads as required.

Name Function Value Connector
DIA OUT+ DIA Converter Output Text Al
D/A OUT- DIA Converter Output Text A3
D7 IN DIA Converter Data Input ECL AlD
by DA Converter Data Input ECL B10
Dg IN DIA Converter Data Input ECL AN
Og N D/A Converter Data Input ECL B11

Thermal and Mechanical Considerations

The TDC1029J7C supplied with the board has thermal
characteristics similar to ather 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 L.F.P.M. maving air is required to cool both
the A/D and the ECL interface devices. Uniform caoling 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 (DIN 41612B).

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

___________ — = CONVERT
/—\ n

o S o~ >~ < ____

——-! r4— tcomp + tpo {U2)

’4— PWH —1=— tpw) ——1

0.0V
’-—__-V__—\l’—_—--\\l—-\l "‘—"'\
1290 | \/ (PIN 1 u)
C__/ | U, ../\__/\\_____Iﬂ\__ﬁ.___ CONV
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|: SAMPLE N SAMPLE N + 1
— tsT0
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-0V = — INPUT
-13v
ooV
‘ AN RC
.\ | (_'_4) [
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Parts List

Resistors Capacitors

R1 1509 1BW 1% c1-C4 0.1 uF 5OV

R6 2201330 x 4 SIP 2h c5 10 pF 3V Polarized

RY 2200330 x 4 SIP % c6 100 pF 25V Polarized

R4 1509 W 1% c7-09 0.1 pF 50V

RIS 51.1KQ "W 1% c10 10 pF 35V Polarized

R16 2201330 x 4 SIP % cn 0.1 pf 50V

R19 2201330 x 4 SIP % c14 10 uF 50V Non-pofar

R20 49 W 1% Cl5 100 pF 2V Polarized

R21 689 W 5% c16, C17 10 uf 50V Non-polar

R24 2201330 x 4 SIP 2% C18, €19 1.0 uF 35V Polarized

R28 2 KQPOT 5% c0-C2 0.1 uF 50V

R2S 13K W 1% €23, C24 10 pF 35 Polarized

R30 2 KQPOT 5% €25, C26 100 pF 25V Polarized

R3 me W 5% c27 0.1 pF 50V

R35 100 KQ W 1% €28, €9 10 pF 3V Polarized

R3 42KQ W 1%

R37 00K 1AW 1% Integrated Circuits

R38 0 KQ W 1%

R39 102 1BW 5% u TDC1029J7

R40 100 KQ "W 1% w2 1001020

R41 121K "W 1% u3 1001510

R43 15KQ W 5% us 3503Y

L 100 KQ "W 1% us A41CL

R4 020 "W 5% ug MC1650L

R49 100 KQ "W 1% us B

RS0 189 W 5% us 10H131L

RS1 10e 18W 5% u1o 10H102L

RE2 682 1MW 5% un 7805C

R53 MO 1./ 1% .

R54 10092 18w 1% Diodes

R55 220/330 x 4 SIP 2% D1. D3 D4 DI 1NA148

RS6 990 BW 1% 02 07 08 iNeomt

R57 1209 W 5% D5, 0§ NSTH

RE0 4930 18W 1% '

R61 201330 x 4 SIP % d

R62 4999 18w 1% Inductors

RE3 220330 x 4 SIP 2% u Bead Inductor

R64 2201330 x 4 SIP 2% .

REG e W 5% Delay Lines

R67 ne W 5% 7 o —

Transistors

a1, 03 IN2907

02 N2
L. .. ... .- .- ]
Table 1. Register Options Table 2. Output Format
wi W2 Function Analog Input' Binary Two's Complement
0 0 ~4; Every Fourth Sample Registered 0.V mm [IARR]
0 | +2; Every Other Sample Registered . . .
| | All Data Registered, As Shipped . . .
0 = Open * ° *
| = Instaled -0V 000000 100000

Note: 1. AC Coupled

LSI Products Division
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Figure 2. Schematic of Evaluation Board
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Absolute maximum ratings (beyond which the device may be damaged) '

kel 2O ey

Supply Voltages

V., (Measured to Agnp) -05 to +18.0V

V_ (Measured to Agyp) +05 to -18.0V

Vegz (Measured to Dgyp) +05 to -7.0V

Agnp Measured to Dgyp) +05 to -05V
Input Voltages

Convert, Convert (50 Ohm input) +1.0 to -20V

AINp (50 Ohm 1V input configuration) +15to VgV
Temperature

Operating, ambient -30 to 70 °C

Storage -55 10 +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 Agyp) +14.25 +15.0 +15.75 v
v_ Negative Supply Voltage (Measured to Agyp) -14.25 -15.0 -15.75 v
Vepy ECL Supply Voltage (Measured to Dgyp! -49 -5.2 -55 v
VAGND Analog Ground Voltage (Measured to Dgyp) -01 0.0 +0.1 v
Var Reference nput, Top {Ry) ' -02 -03 -04 v
Vre Reference Input, Bottom {Rg) "2 -12 -13 -14 v
VRr-VRB Voltage Reference Differential 09 1.0 11 v
tPWH CONVert Pulse Width, HIGH? 5 b ns
tPwL CONVert Pulse Width, LOW? ‘ 3 4 ns
Vo CONVERT Input Voltage Amplitude 200 400 2000 mV p-p
Va Analog Input Voltage Amplitude 14 21 Vop-p
Ta Temperature, Ambient 0 0 ¢
Notes:

1. Vg7 must be more positive than Vpg and the reference voltage differential must be within specified range.
2. Specification applies to TDC1029J7.
3. 500 LF.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
I, Supply Current’ V, = MAX 60 mA
I_ Supply Current! V_ = MAX 400 mA
lggg  Supply Current Vepp = MAX 1000 mA
Note:
1. Vg1, Vg = Nominal, as shipped.
Switching characteristics within specified operating conditions
Temperature Range
Parameter Test Conditions Min Max Units
Fg Maximum Conversion Rate Vi, Vo, Vggp = MIN 100 MSPS
tcomp + tpolUd) Comparator + Gate Delay V. V_, Vg = MIN 8 ns
1570 Sampling Time Offset ! V, Vo, Ve = MIN 5 ns
e Register Clock Delay V. V_, Vggp = MIN 8 ns
tRco Register Clock Output Delay Vi, Vo, Vegp = MIN 5 ns
tRD0 Register Output Delay Vi, Vo, Vg = MIN 3 ns
Note:
1. Specification applies to TDC1028J7.
System performance characteristics within specified operating conditions
=
Temperature Range
Parameter Test Conditions Min Max Units
BW  Bandwidth, Full Power Input’ Fg = 100MSPS 50 MH:z
SNR  Signal-to-Noise Ratio? 100MSPS Conversion Rate
Peak SignallRMS Noise 25MHz Input 4 dB
50MHz Input KL dB
RMS Signal/RMS Noise 25MHz Input 2 dB
50MHz Input 2 dB
Notes:
1. Beat frequency sinusoidal reconstruction producing no errors greater than 3 LSB's, tpyyy = Bns.
2. Single frequency sinusaidal input attenuated 3dB at 1/2 sampling frequency (enti-alias prefilter).
LS! Products Division
TRW Electronic Companents Graup ETN
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Preliminary Information

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. Al digital inputs
and outputs are TTL 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 41612B} connector format.

Features

® Includes TDC1047 7-Bit AID Converter
© User-Selectable Input Impedance
o User-Selectable Input Voltage Range

AID Converter Evaluation

4 FXWY

e Unipolar Or Bipolar Operation

 Gain And Offset Calibration Controls

e (Operates From +5.0 And -5.2 Volt Power Supplies
o Digital Output Buffers Included

e Eurocard Connector Format

e Uncommitted Prototyping Area

Applications

e Eyaluation Of TBC1047 AID Converter
e System Prototyping Aid
® [ncoming Inspection Test Fixture

LS| Products Division

TRW Electronic Components Group
P.0. Box 2472

la Jolla, CA 92038

©TRW Inc. 1985
A0G01696 Rev. B-1/85
Printed in the U.S.A.

Phone: (619) 457-1000
Telex: 697-957
TWX: 910-335-1571
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Functional Block Diagram

Vee > o
’ !
Vee
R1 D
Ay >_AM—1r—Wﬁ N T GND
RS AMPLIFIER Vin
<
Agp >———¢ . Arocum
!_ GND
Y :> LAToH :>
Dy Dy_
Dgnp >—/7‘7 Ar 1-1
REFERENCE l a CONV CLK
GENERATOR B
NMINV - NMINV /717
NLINV > NLINV
VEE
VEE D ]
coNV >
Pin Assignment
Dgnp Al Bl Vg
Dgnp A2 B2 Dgnp
Dgnp A3 B3 D (LSB)
Dgnp A4 B4 Dg
Dgnp A5 B5 Dg
Dgnp  AB BS NLINV
Dgnp A7 B7 Dy
Dgnp A8 B8 Dj
Dgnp A9 B9 Dgnp
Dgnp AtD B10 Dgnp
Dgnp Al BI1 D,
Dgnp A2 B12 Dy (MSB
Dgnp A13 B13 NMINV
Dgnp A4 B14 NC
Dgnp AlS B15 CONV
Dgnp A1 B16 Dgnp
Dgnp A7 B17 Dgnp
Dgnp A8 B18 Vgg
NG A19 B19 NC
Agnp A0 B20 NC
Agnp A21 , B21 Ay
Agnp AZ2 B22 Agnp
Agnp A23 B23 NC
Agnp A24 B24 NC
Agnp AZS B25 Agnp
Agnp A2 B26 NC
Agnp AZ7 B27 NC
Agnp A28 B28 NC
Agnp A29 B29 NC
Agnp A30 B30 NC
Agnp A31 B3l NC
Agnp A32 B32 NC
TOC1047E1C
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Functional Description

General Information

The TDC1047 evaluation board consists of four circuit blocks:
the buffer amplifier, reference voltage generator, AID converter,

and output data latch. Analog and digital grounds are
separated on the board to provide flexibility in system
grounding.

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 (R1 and
R2), the amplifier gain factor of -2, and the amplifier's
adjustable offset are arranged so that the A/D converter
receives a full-scale input signal from 0 to -1 Volt.

The amplifier drives the A/D 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.

Voltage Reference

The reference voltage for the TDC1047 is generated by
operational amplifier U3 and PNP transistor, Q1, which supplies
the reference current. System “GAIN” is adjusted by varying

potentiometer RY which controls the reference voltage to the
AID converter. The adjustable reference valtage range is 0 to
-1.2 Volts.

AID Converter

The TOC1047 integrated circuit is a 7-bit fully parallel (flash!
analog-to-digital converter capable of digitizing an input signal
at rates up to 20MSPS (MegaSamples Per Second). A single
convert {CONV) signal controls the conversion operation of the
device. The TDC1047 consists of 127 sampling comparatars,

encoding logic, and & 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.

Output Interface

Data from the TOC1047 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

7418373 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.

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 connectars are included with
each evaluation board.

The TDC1047E1C evaluation board may also be used with the
TDC1048 8-bit AID converter by removing the TDC1047 socket
and installing a 28 lead DIP socket in the footprint oriented at

LSI Products Division
TRW Electronic Components Group

right angles to that of the TDC1047. In addition, electrical
changes must be made to the board in order to use the
TDC1048. (Refer to TDC1048E1C Data Sheet.)

Standard 24 pin sockets for the TOC1047 integrated circuit are
used on the boards. The boards are arranged so that this
socket may be replaced by a “Zero Insertion Force” (ZIF)
socket when the evaluation board is used as a test fixture.

E7
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Power Supplies

The TDC1047E1C evaluation board operates from two power
supply voltages: +5.0 and -5.2 Volts. The return path for Igp
{current from the +5.0 Volt power supplyl is Dgnp. The return
paths for Igg (current from the -5.2 Volt supply) is Agnp. It

is recommended that all ground pins be used. Diodes D1
through D4 function as voltage clamps which will prevent
damage to the board if improper power supply voltages are
applied.

Name Function

Value Pin

Vee
Vet

Positive Power Supply
Negative Power Supply

+50V B18
-6V Bl

AgnD Analog Ground

Ognp Digital Ground

0.0v A20-A32
B22

B2

B28
A1-A18
B2

BY

B10

B16

B17

ooV

Analog Input

The TDC1047 evaluation board is supplied with a nominal input
impedance of 75 Ohms and an input voltage range of 1 Volt
p-p. Bath 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

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.

Name Function

Value Pin

A

Analog Input Voltage

See text B21

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

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.

Name Function Value Pin
NMINV Nat Most Significant Bit (NVert T B13
NUNV Not Least Significant Bit INVert TIL B6

Reference

The TDC1047 evaluation board includes circuitry for generating
the voltage reference for the A/D 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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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

that there are minimum pulse width {tpyyH, tpyi)
requirements on the waveshape of the CONV signal. A
footprint for an SMA connector is located on the board near
the A/D converter (J3, CONV) for a convenient monitoring or
input point.

Name Function Value Pin
CONV AID Clock Input TTL B15

Data Outputs

The outputs of the TDC1047 evaluation board are TTL

compatible and capable of driving several TTL loads.
Name Function Value Pin
Dy {MsB) Most Significant Data Bit TIL B12
Dy L B11
b T B8
Dy m 87
Ds m B
0g m B4
D7 (LSB) Least Significant Data Bit TIL B3

No Connects

There are several pins an the TDC1047 evaluation board that
have no connection to the circuit. These pins may be left

open. Note that pin B14 is connected to an output of U5 and
must be left open.

Name Function

Value Pin

NC No Connection

A1
B14

B2 |
B23-B32

Open

Figure 1. Timing Diagram
1

fs

N
TDC1047 ANALOG INPUT

t*—- 1570

SAMPLE N | e

i PWH ——-‘—» PwL —

YRR XXRAXX P XK

TDC1047 DIGITAL OUTPUT ﬂ“f‘,‘ )C
Rt | (Hu t.‘_
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o
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Absolute maximum ratings (beyond which board may be damaged) !

P vt et bt i s A L R

. kg T I T

Power Supply Voltages

Vg (measured to Dgyg) -05 10 +7.0v

Vg (measured to Agyp! +05 10 -7.0V

Agnp (measured to Dgyp) +05 to -0.5V
Input Voltages

CONV, NMINV, NLINV (measured to Dgnp! -05 to +5.5V
Output

Applied voltage -05 to +5.5v2

Applied current externally forced -1.0 to +6.0mA34

Short circuit duration (single output in HIGH state to Dgyp! 1 sec.
Temperature

Operating, ambient -40 to +80°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

e — IS e ]
Parameter Min Nom Max Units
Vee Positive Power Supply {measured to Dgyp) 475 50 525 )
Veg Negative Power Supply (measured to Agyp) -48 -52 -55 v
VAGND Analog Ground (measured to Dgyp) -0.1 00 +0.1 )
tPWH CONV Pulse Width, HIGH' 14 ns
WL CONV Pulse Width, LOW ! 14 ns
ViL Input Voltage, Logic LOW 08
Viy Input Voltage, Logic HIGH' 20 v
lou Output Current, Logic LOW? 40 mA
Iou Output Current, Logic HIGH? -400 uh
Ay Input Voltage Range3 0.0 10 v
Ta Ambient Temperature Range 0 ] °C
Notes:

1. Applies to logic input pins of the TDC1047 only.
2. Applies to outputs of U5 only.
3. 756 Ohm input impedance, as supplied, UZ offset zeroed.

LSI Products Division
E 78 TRW Electronic Components Group



TDC1047E1C

== aoo

g oxsogo
Electrical characteristics within specified operating conditions

————
Parameter Test Conditions Min Max Units
lgc  Positive Supply Current Vo = MAX 100 mA
leg  Negative Supply Current Vg = MAX 245 mA
Ziy  Input Impedance 70 80 Ohms
i fnput Current, Logic LOW' Vog = MAX, VI = DBV -04 mA
T Input Current, Logic HIGH! Voo = MAX, VI = 24V 50 uA
Vor  Output Valtage, Logic LOW? Vo = MIN, Ig; = 4mA 05 v
Vpy  Output Voltage, Logic HIGH? Vee = MIN, Igy = -400 uA 24 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
Fg Maximum Conversion Rate Vee = MIN, Veg = MIN 20 MHz
tgrg  Sampling Time Offset! 7 ns
1p Output Delay TimeZ Vge = MIN, Vg = MIN K] ns
tHo Output Data Hold Time! Vee = MIN, Vg = MAX 15 ns

Notes:
1. Applies to TDC1047 only.

2. Applies to U5 only.

TDC1047J7C performance characteristics within specified operating conditions !

O R A SRS e
Parameter Test Conditions Min Max Units
Ely  Integral Linearity Error 04 %
Elp  Differential Linearity Error 04 %
BW  Bandwidth Full-Power Input 7 MHz
DP  Differential Phase NTSC @ 4x Color Subcarrier (14.32MHz) 15 degree
DG Differential Gain NTSC @ 4x Color Subcarrier (14.32MHz) 2.5 %
Note: »
1. Items listed in this table apply to the A/D converter only. Contributions to these parameters from the buffer amplifier are nat significant.
Calibration

The evaluation board is calibrated by adjusting the offset and
gain trim resistars, RB 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

LS| Products Division
TRW Electronic Components Group

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 “1111111.7

ET79
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Output Coding Table !

Binary Two's Compiement
input True Inverted True Inverted
Voltage
NMINV = 1 0 0 1
NLINV = 1 0 1 0
0.0000 0000000 mm 1000000 o1
+0.0079 0000001 o 1000001 011110

L] L] L] . L]

L] L[] [ ] L L]
+0.4960 onnm 1000000 mimn 0000000
+0.5079 1000000 ot 0000000 mm

L] L[] L] L] L]

L] L] L] . L]
+08921 110 0000001 0171110 1000001
+1,0000 mnm £000000 onn 1000000
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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Notes for Figure 2. Schematic of Evaluation Board

1. All capacitor values are in microfarads {uF).

2. All capacitor voltage ratings are 50WVDC unless otherwise noted.
3. Al resistors are 1/4W unless otherwise noted.

4. Al resistor values are in Ohms.

5. All diodes are TN4001.

Miscellaneous Evaluation Board Parts

Eurocard connector Winchester 64P-6033-0430
DIN 41612B 2-row 64-contact
board mount male

Eurocard connector Winchester 64S-6033-0422-1
DIN 41612B 2-row 64-contact
wire~wrap female

J1-J3 SMA coax connector Sealectro 50-651-0000-31 or
(J2, J3 not included) Omni-spectra 2062-0000-00

L1, L2 ferrite bead inductors Fair-Rite Corp. 2743001112

Input Resistor Selection Table (values in Ohms]

Input Voltage Range

Zy W v a 5 v
RI R2 RI R2 RI R2 Rl R2 RI R2
50 u3 %5 34 121 132 5.19 153 498 415 243
75 a4 32 56.2 191 848 953 8.1 750 N5 an
) 164 487 £3.8 a7 805 118 845 K] 8.7 484
1K 499 1000 750 m 866 143 908 110 %53 523

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
(@ L
Ziy/ 1000

_( 1000 R
AT = 2N ~\g2~ 1000

where VR is the desired input voltage range of the board, Z)y
is the desired input impedance of the board, and the constant
value 1000 is given by the value of R3.

R2 -

LSI Products Division
TAW Electronic Components Group E 1
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Assembly For TDC1047E1C
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Notes:
1. * not supplied.

2. Dimensions in inches.
Ordering Information

Product Number Description Order Number

TDC1047E1C Eurocard Format Board With A/D Converter TDC1047E1C
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Preliminary Information

AID Converter Evaluation Board
8-bit, 20MISPS

The TDC1048 evaluation board is a fully assembled and tested
circuit board designed to aid in the evaluation of TRW's
TDC1048 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 TTL 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 (DIN 41612B) connector format.

Features

¢ Includes TDC1048 8-Bit A/D Converter
® User-Selectable Input Impedance

' A (4

o User—Selectable Input Voltage Range

e Unipolar Or Bipolar Operation

o (ain And Offset Calibration Controls

o Operates From +5.0 And -5.2 Volt Power Supplies
® Digital Output Buffers Included

® Eurocard Connector Format

¢ Uncommitted Prototyping Area

Applications

e Evaluation Of TDC1048 A/ID Converter
o System Prototyping Aid
® Incoming Inspection Test Fixture

LS! Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

©TRW Inc. 1985
40G01695 Rev. B-1/85
Printed in the U.S.A.

Phone: (618) 467-1000
Telex: §97-957
TWX: 910-335-1571
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Functional Block Diagram TDC1048

Vee D °

g 1
A Vee
Rl
AN AN A N | Pano
R2 AMPLIFIER Vin
Aghp + TDC1048
y AgND
0 LATGH
Dgnp Ar 1-8 :> :> 01—
‘9_
, REFERENCE e W CLK
GENERATOR ]
NMINV > NMINV /J7
NUNV NLINV
Vee
Veg > |
conv >
Pin Assignments
Dgnp At Bl Vg
Dgnp A2 B2 Dgyp
Dgnp A3 B3 Dy
Dgnp A4 B3 Dg
Dgnp  AS B5 Dg
Dgyp A6 BE NLINV
Dgnp A7 B7 Dy
Dgnp A8 B8 D3
Dgnp A9 B9  Dgnp
Dgyp Al0 B10 Dgnp
Dgnp AN1 B11 Dy
Dgnp A12 B12 D¢ (MSB)
Dgnp A13 B13 NMINV
Dgnp Al B14 Dg (LSB)
Dgnp A1S Bi5 CONV
Dgnp A6 B16 Dgnp
Dgnp A17 B17 Dgnp
Dgnp A8 B18 Vg
NC A19 B19 NC
Agnp: A20 B20 NC
Agnp A2t B2 Ay
Agnp A22. B22 Agnp
Agnp AZ3 B23 NC
Agnp A28 B24 NC
Agnp A25 B25 Agnp
Agnp AZ B26 NC
Agnp A27 B27 NC
Agnp A28 B28 NC
Agyp A9 B29 NC
Agnp A3 B30 NC
Agnp A31 B3l NC
Agyp A% B32 NC

TDC1048E1C
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Functional Description

General Information

The TDC1048 evaluation board consists of four circuit blocks:
the buffer amplifier, reference voltage generator, AID converter,

and output data latch. Analog and digital grounds are
separated on the board to provide flexibility in system
grounding.

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 A/D converter receives a full-scale input
signal from 0 to -2 Volts.

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 respanse.

Voltage Reference

The reference voltage for the TDC1048 is generated by
operational amplifier U3 and PNP transistor Q1, which supplies
the reference current. System “GAIN” is adjusted by varying

potentiometer R which controls the reference voltage to the
AID converter. The adjustable reference vaoltage range to the
TDC1048 is 0 to -2.4 Volts.

A/D Converter

The TDC1048 integrated circuit is an 8-bit fully parallel (flash}
analog-to-digital converter capable of digitizing an input signal
at rates up to 20MSPS (MegaSamples Per Second). A single
CONVert (CONV) signal controls the conversion operation of

the device. The TDC1048 consists of 2556 sampling comparators,

encoding logic, and a latched output register. On the rising
edge of the CONV signal, the comparatars are latched and
their outputs encoded. On the next rising edge of the CONV
signal that data is transferred to the outputs of the TDC1048.

Output Interface

Data from the TDC1048 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

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.

Mechanical Design

The TDC1048E1C 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 TDC1048E1C evaluation board may also be used with the
TDC1047 7-bit AID converter by removing the TDC1048 socket
and installing a 24 lead DIP socket in the footprint oriented at

LSI Products Division
TRW Electronic Components Group

right angles to that of the TDC1048. In addition, electrical
changes must be made to the board in order to use the
TDC1047. (Refer to TDC1047E1C Data Sheet.)

Standard 28 pin sockets for the TDC1048 integrated circuit are
used on the boards. The boards are arranged so that this
socket may be replaced by a “Zero Insertion Force” (ZIF)
socket when the evaluation board is used as a test fixture.
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Power Supplies

The TOC1048E1C evaluation board operates from two power is recommended that all ground pins be used. Diodes D1
supply voltages: +5.0 and -5.2 Volts. The return path for I through D4 function as voltage clamps, which will prevent
(current from the +5.0 Volt power supply) is Dgnp. The return  damage to the board should improper power supply voltages
paths for Igg (current from the -5.2 Valt supplyl is AgNp. It be applied. ’

Name Function Value Pin

Vee Pasitive Power Supply +50V B18
Ve Negative Power Supply -5V B1

AgND Analog Ground 0.0v A20-A32
B22

B2

B28
Denp Digital Ground 0.0v A1-A18
B2

B9

B10

B16

BI17

Analog Input

The TDC1048 evaluation board is supplied with a nominal input  shown in the Input Resistor Selection Table for various input

impedance of 75 Ohms and an input voltage range of impedances and voltage ranges. Note that the video input to
1 Volt p~p. Both input impedance and input voltage range the board is through an SMA connector {J1, “Video In”). Video
may be changed for operation in other modes. The values of input to the board can be routed through the edge connector

input resistors R1 and R2 determine the input impedance and by installing jumper “A” and using edge connector pin B21.
voltage range of the evaluation board. Suggested values are .

Name Function Value Pin

AN Analog Input Voltage See Text B21

Control Inputs

Twa control inputs are provided for changing the format of the  complement, or inverse two’s complement formats. Output data

output data. When NMINV is tied to a logic “0,” the most versus input voltage and control input state is illustrated in the
significant bit of the output data is inverted. When NLINV is QOutput Coding Table. Pull-up resistors are provided on the
tied to a logic “0,” the seven least significant bits of the board for disabling these control functions when their pins are
output data are inverted. By using these OC controls, the left open.
output data can be read in binary, inverse binary, two's

Name Function Value ! Pin

NMINV Not Most Significant Bit INVert m B13

NLINV Not Least Significant Bit INVert TiL B6

Reference

The TDC1048 evaluation board includes circuitry for generating brought out to a test point {VRgp) located on the side of the
the voltage reference for the A/D converter. This valtage is board opposite that of the edge connector.

LSI Products Division
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Convert

The TDC1048 A/D converter is sampled within 10ns after the that there are minimum pulse width (tpywH, tpw!
rising edge of the CONV signal. Output data is latched on the requirements on the waveshape of the CONV signal. A

next rising edge of the CONV signal. Data from U5 is also footprint for an SMA connector is located on the board near
latched on the rising edge of the CONV signal. U5 adds one the A/D converter (J3, CONV} for a convenient monitoring or
clock cycle of pipeline delay to data sent off the board. Note input paint.
Name Function Value Pin
CoNv AID Clock Input T B15

Data Outputs

The outputs of the TDC1048 evaluation board are TTL
compatible and capable of driving several TTL loads.

Name Function Value Pin
Dq (MSB) Most Significant Data Bit TIL B12
Dy s BN
Dy T B8
Dy ! B7
D m BS
Dg L B4
7] T B3
Dg (LSB) Least Significant Data Bit TTL B14

No Connects

There are several pins on the TDC1048 evaluation board that
have no connection to the circuit. These pins may be left

open.
Name Function Value Pin
NC No Connection Open A19
B19
B20
B29-B32
Figure 1. Timing Diagram 1
E 1PWH i tpwL ——

saweLe SAMPLE | N MPLE
TOC1048 ANALOG INPUT J———K’

——\ '—-— 1510

| |
v v DATA DATA DATA
——] t"n |-4—

DATA DATA DATA
Us QUTPUT X ey X il X N

RD ’—j
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Absolute maximum ratings {beyond which the board may be damaged) '

Power Supply Voltages

Vg {measured to Ogyp! -05t0 +2.0V

Ve (measured to Agyp) +05 to -7.0V

Agnp(measured to Dgyp) +05 1o -05V
Input Voltages

CONV, NMINV, NLINV {measured to Dgyp) ~05 to +55V
Output

Applied voltage -05 to +65v?

Applied current externally forced -1.0 to +60mA34

Short circuit duration (single output in HIGH state to Dgyp) 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
Voo Positive Power Supply (measured to Dgp) 475 5.0 5.25 v
Vee Negative Power Supply {measured to Agpp! -48 -52 -55 v
Vagnp  Analog Ground (measured to Dgyp) -01 00 +0.1 v
toy__ CONV Pulse Width, HIGH! n ns
L  CONV Pulse Width, LOW' 18 ns
N Input Voltage, Logic LOW ! 08 v
Vi Input Voltage, Logic HIGH' 20 v
loL Output Current, Logic LOW? 40 mA
Ion Output Current, Logic HIGH? -400 LA
AN Input Voltage Range3 00 1.0 )
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
loc  Positive Supply Current Vee = MAX 1o mA
e Negative Supply Current Vgg = MAX 355 mA
Z)y  Input Inpedance 70 80 Ohms
n Input Current, Logic LOW ' Voo = MAX, V) = 0.8V -04 mA
Iy Input Current, Logic HIGH Veg = MAX, V) - 24V 50 1A
Vpi  Output Voltage, Logic Ltow? Voo = MIN, Igp = 4mA 05 )
Vpy  Output Voltage, Logic HIGH? Voo = MIN, Igy = -400mA 24 v
Notes:

1. Applies 10 the TDC1048 logic inputs only.
2. Applies to U5 outputs only.

Switching characteristics within specified operating conditions

Parameter - Test Conditions Min Max Units
Fg Maximum Conversion Rate Veg = MIN, Vge = MIN 20 MH:z
tsyg  Sampling Time Offset! 0 10 ns
to Output Delay Time? Voo = MIN, Vgg = MIN 28 ns
tho Output Data Hold Time' Voo = MiN, Vgg = MIN 15 ns
Notes:

1. Applies to TOC1048 only
2. Applies to U5 only.

TDC1048J6C performance characteristics within specified operating conditions '

Parameter Test Conditions Min Max Units

Ely  Integral Linearity Error 02 %

E\p  Differential Linearity Error 0.2 %

BW  Bandwidth Full-Power input 1 MHz

DpP Differential Phase NTSC @ 4x Color Subcarrier (14.32MHz) 10 degree

DG  Differential Gain NTSC @ 4x Color Subcarrier (14.32MHz) 20 %

Note:

1. ltems listed in this table apply to the A/D converter only. Contributions to these parameters from the buffer amplifier are not significant.

Calibration

The evaluation board is calibrated by adjusting the offset and the output data toggles between “00000000" and "00000001."
gain trim resistors, R8 and R9. Offset can be calibrated when Gain is calibrated by applying a voltage 1/2 LSB less than

a voltage 112 LSB greater than “zero-scale” is applied to the full-scale and turning the “GAIN” pot until the output data
hoard input. The “Offset” pot is then turned to a point where  toggles between “11111110” and “11111111."

LSI Products Division
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Output Coding Table

Binary Two's Complement
Input True Inverted True Inverted
Voltage
NMINV=1 0 0 1
NLINV=1 0 1 0
0.0000 00000000 mnm 10000000 o1
+0.0039 00000001 i 10000001 01111110

L] L] [ ] L] L]

L] L] L] L] L]

L] L] L] L] L]
+0.4990 o 10000000 mmm 00000000
+0.5019 10000000 o 00000000 mumn

. L L] L] L]

L] L] L] L] L]

L] L] L] L] L]
+0.9960 - e 00000061 01111110 10000001
+1.0000 fmn 00000000 oM 10000000

Note:

1. Input voltages are at code centers and buffer amplifier offset voltage is nulled.

Figure 2. Schematic of Evalution Board
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Notes for Figure 2. Schematic of Evaluation Board

1. Al capacitor values are in microfarads (uF).

2. All capacitar voltage ratings are 50WVDC unless otherwise noted.
3. Al resistars are 1/8W unless otherwise noted.

4. All resistor valugs are in Ohms.

5. All diodes are 1N4001.

Miscellaneous Evaluation Board Parts

Eurocard connector Winchester 64P-6033-0430
DIN 41612B 2-row 64-contact
board mount male

Eurocard connector Winchester 64S-6033-0422-1
DIN 416128 2-row 64-contact
wire-wrap female

J1-J3 SMA coax connector Sealectro 50-651-0000-31 or
{J2, J3 not included) Omni-spectra 2062-0000-00

L1, L2 ferrite bead inductars Fair-Rite Praducts Carp.
2743001112

Input Resistor Selection Table (values in Ohms)

Input Voltage Range

I W W v 5V oV
R1 R2 R1 R2 R1 R2 R1 R2 Rl R2
50 ] 523 %9 243 374 127 40.2 10 453 493
75 0 80.6 374 32 56.2 19.1 604 154 68.1 15
93 0 102 464 87 69.8 231 75 191 B45 9.31
1k 0 open 439 1k 750 kvl 806 249 909 10

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:

_r
VR 1

—_— e —
i/ 1000

A1 - 7y - (000 R2
RZ + 1000

where VR is the desired input voltage range of the board, Zyy
is the desired input impedance of the board, and the constant
value 1000 is given by the value of R3.

R2 =

LSI Products Division
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Assembly For TDC1048E1C

6.600
0.300
& 6300
0.1% =N
o) O +
@ T 0.144 DIAMETER
IN FOUR PLACES
3940
3680 3600
RZ3
0130
Note:
1. * not supplied.
2. Dimensions in inches.
Ordering Information
S T———
Order Number

Description

Product Number
Eurocard Format Board With A/D Converter TDC1048E1C

TDC1048E1C

LSI Products Division
TRW Electronic Components Group
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D/A Converters

LSI Products Division

TRW LSI’s line of monolithic,
high-speed D/A converters employ
segmented current switching
techniques. These D/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 D/A
converters. The TDC1018 and
TDC1034 are manufactured with
OMICRON-B™, TRW’s new 1-micron
process.

Operation

D/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

logic selects the current switches and
special video functions, such as SYNC,
BLANK, BRIGHT, and FORCE
HIGH. The two analog outputs of the
TDC1018 and the TDC1034 are
complementary currents, which vary in
proportion to the input data, controls,
and reference current. The TDC1016
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 TDC1018 and the
TDC1034 ideal for RGB raster
graphics applications. The TDC1016
can be operated in either TTL or ECL
compatible modes, with controls for
selecting input data format. Binary,
inverse binary, two’s complement, and
inverse two’s complement formats are
supported.

Integral Power
Linearity ~ Conversion Dissipation
Product  Bits Ermor (%) Rate' (MSPS) (Watts) Package Notes
TDC10162 8 0.20 20 07 J5, J7, C2, BT~ TTUECL Compatible
9 0.10 20 0.7 Js, J7, C2, B7 TTUECL Compatible
10 0.05 2 07 J5, J7, C2, B7  TTUECL Compatible
TDC1018 8 0.20 125 08 J7, 87, C3 ECL Compatible
TDC1034 4 0.80 125 07 J8, B8 ECL Compatible
Notes: 1. Guaranteed, Worst Case, Ty = 0°C to 70°C.

2. The TOC1016 has 10-:bit resolution, and is available in three linearity grades to meet 8, 8, and 10-bit

system requ‘\ rements.

TRW Electronic Components Group
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Video Speed D/A Converter
10-bit, 20MSPS

The TDC1016 is a bipolar monalithic digital~to-analog
converter which can convert digital data into an analog voltage
at rates up to 20 MegaSamples Per Second (MSPS). 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
gither 8, 9, or 10 bits. The TDC1016 is patented under U.S.
patent number 3283120 with other patents perding.

Features

® 20MSPS Conversion Rate
e 8,9, or 10-Bit Linearity

 Voltage Output, No Amplifier Required
o Single Supply Operation (-5.2V, ECL Compatible)
® Dual Supply Operation {£5.0V, TTL Compatiblel

o [nternal 10-Bit Latched Data Register
® Low Glitch Energy
e Disabling Contrals, Forcing Full-Scale, Zero, And Inverting

input Data

e Binary Or Twa's Complement Input Data Formats
o 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

Functional Block Diagram

10 TTL INPUTS
{20 ECL INPUTS) ::>
TTLECL DATA CURRENT R-2R
CLK —>1 piGiTaL :> LATCHES :> SWITCHES ::> RESISTOR n
& INRUT NETWORK |— Aout
10 10 10

NDIS —>

_ CLK VRer

(NDIS) —»> T

NFL —]

NFH —]

NG —P [\

VREr >I/A(

coMP

LS! Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

Phone: (819 457-1000

Telex: 697-957

TWX: 810-335-1571

©TRW Inc. 1385
40G00280 Rev. E-1/85
Printed in the U.S.A.
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Functional Block Diagram
10 TTL INPUTS
{20 ECL INPUTS)
TTLECL DATA CURRENT R-2R
CLK —
DIGITAL LATCHES SWITCHES RESISTOR
= INPUT ::> :> :> NETWORK [ Aour
€Lk =1 purrens | 1o " 10
NDIS —p>
TSI CLK VREF
: } A
NFL —>
NFH —>
NG —
VRer >II/A>
comP
Pin Assignments
NC 1 (8 40 NC
Veg 2 39 NC
COMP 3 38 NC
VRer 4 37 Dyg (LSB)
Agnp 5 36 Dqg (LSB)
Agnp 6 35 Dg
Agur 7 3 Dy
Agnp 8 33 Dg
Vee 8 32 Dg VRe 1 24 COMP
Dgnp 10 N0y Agnp 2 23 Vg
NDIS 11 30 Dy Agnp 3 22 Dy (LSB)
CLK 12 29 Dg Agyr 4 121 Dg
oK 13 {b 28 B Agnp 5 120 Dg
NDIS 14 27 Dy Vee 6 119 Oy
(MsB) Dy 15 26 Dg Dgnp 7 118 Dg
(MSB) Dy 16 25 Dy NDIS 8 117 Dg
N2C 17 24 D, CLK 9 116 Dy
b; 18 3 D3 (MSB) Dy 10 115 D3
D, 19 2 b N2C 1 114 NFL
NFH 20 21 NFL Dy 12 113 NFH

40 Lead DIP - J5 Package

F§

24 Lead DIP - J7 Package
24 lead CERDIP - B7 Package

LSI Products Division
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Pin Assignments

29 Dyp (LSB)

28 Dy (LSB)

Agnp %0
Agnp 81
Agur 42
Agnp
Voo ¥
Ognp 1
NDIS 2
K 3
ClK 4
NDIS 5
NC 6
M~ o o, E
S5g &
g3 2
28

0 1
NFH 12

NFL 13
D3 14
D3 15
Dy 16
Dy 17

44 Contact Chip Carrier - C2 Package

Functional Description

General Information

TTUECL buffers are used for all digital inputs to the TDC1016.
Logic family compatibility depends upon the connection of
power supplies. When single power supply (-5.2V) operation is
employed, all data, clock, and disable inputs are compatible
with differential ECL logic levels. All digital inputs become
compatible with TTL levels when dual power supply {5.0V)
operation is used.

The internal 10-bit register latches data on the rising edge of
the clock (CLK) pulse. Currents from the current sources are

oo 1 e b 7 b e A At ko o o AL 19 4 S RSP AT £ AR R N 2 1

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 ward.

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.

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, Vg is connected to Dgnp and all
inputs ta the device become ECL compatible. When Vg is tied
to +5.0 Volts, the inputs are TTL compatible.

The return path for the output from the 10 current sources is
AgND. The current return path for the digital section is Dgnp.
Dgnp and Agnp 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 Agnp pins must be connected to system analog
ground.

Name Function Value J5 Package C2 Package J7, B7 Package
Voo Positive Supply Voltage +50V Pin 8 Pin 44 Pin 8

Vee Negative Supply Voltage -5.0V Pin 2 Pin 34 Pin 23

AGND Analog Ground 0V Pins 5, 6, 8 Pins 39, 40, 41, 43 Pins 2,3, 5
Dgnp Digital Ground 0oV Pin 10 Pin 1 Pin 7

LS| Products Division
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Reference

The reference input is normally set to -1.0V with respect to The internal operational amplifier of the TDC1016 is frequency

AGND. Adjusting this voltage is equivalent to adjusting system stabilized by an external 1 microfarad tantalum capacitor

gain. The temperature stability of the TDC1016 analog output connected between the COMP pin and Vgg. A minimum of

(AgyT) depends primarily upon the temperature stability of the 1 microfarad is adequate for most applications, but

applied reference voltage. 10 microfarads or more is recommended for optimum
performance. The negative side of this capacitor should be
connected to VE.

Name Function Value J5 Packape C2 Package J7, B7 Package
VRer Reference Voltage In =10V Pin 4 Pin 36 Pin 1
COMP Compensation 1 pF Pin 3 Pin 35 Pin 24

Control

The NDIS inputs are used to disable the TDC1016 by forcing |nputs for CLK, DATA, and NDIS are inactive and should he

its output to the zero-scale value {current sources offl. The left apen.

NDIS inputs are asynchronous, active without regard to the

CLK inputs. The other digital control inputs are synchronous, The Input Coding table illustrates the function of the digital

latched on the rising edge of the CLK pulse. control inputs. A two's complement mode is created by

activating N2C with a logic “0.” When NFH and NFL are both
The rising edge of the CLK pulse transfers data from the input  activated with a lagic “0," the input data to the 10-hit
lines to the internal 10-hit register. In TTL mode, the inverted register is inverted.

Name Function Value J5 Package C2 Package J7, B7 Package
NDIS Not Disable TTLECL Pin 11 Pin 2 Pin 8
NOIS Not Disable (inv) ECL Pin 14 Pin 5
CLK Clock TTUECL Pin 12 Pin 3 Pin 9
%14 Clock (Inv) ECL Pin 13 Pin 4
N2C Not Two's Complement TTUECL Pin 17 Pin 8 Pin 11
NFH Not Force HIGH TTLECL Pin 20 Pin 12 Pin 13
NFL Not Force LOW TTLECL Pin 21 Pin 13 Pin 14
Data Input
Data inputs are ECL compatible when single power supply to the true and inverted data input pins. All inverted input pins
operation is employed. The J5 and C2 packages allow for should be left open if single-ended ECL or TTL mades are

differential ECL inputs while the J7 and B7 packages have only  used. All data inputs have an internal 40 kOhm pull-up
single~ended inputs. When differential ECL data is used, any resistor to V(.
data input can be inverted simply by reversing the connections

LS! Products Division
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Data Input (Cont.)

Name Function Value J5 Package C2 Package J7, B7 Package
Dy Data Bit 1 (MSB} TTUECL Pin 16 Pin 8 Pin 10
D] Data Bit 1 (MSB Inv) ECL Pin 15 Pin 7

D, TTUECL Pin 19 Pin 11 Pin 12
D_z ECL Pin 18 Pin 10

0q TTUECL Pin 23 Pin 15 Pin 15
D3 ECL Pin 22 Pin 14

Dy TTUECL Pin 25 Pin 17 Pin 16
0_4 ECL Pin 24 Pin 16

Dg TTUECL Pin 27 k Pin 19 Pin 17
D?, ECL Pin 26 Pin 18

Dg TTLECL Pin 29 Pin 21 Pin 18
[Ts ECL Pin 28 Pin 20

0y TTUECL Pin 31 Pin 23 Pin 19
D_y ECL Pin 30 Pin 22

Dg TTLECL Pin 33 Pin 25 Pin 20
ﬁﬁ ECL Pin 32 Pin 24

Dg TTUECL Pin 35 Pin 27 Pin 21
D§ ECL Pin 34 Pin 26

Dig Data Bit 10 (LSB) TTUECL Pin 37 Pin 29 Pin 22
% Data Bit 10 (LSB Inv) ECL Pin 36 Pin 28

Analog Output

The analog output voltage is negative with respect to AgNp
and varies proportionally with the magnitude of the input data
word. The output resistance at this point is 80 Chms,
nominally.

Name Function Value J5 Package C2 Package J1, B7 Package
Agut Analog Qutput Voltage 0vVito -1V Pin 7 Pin 42 Pin 4

No Connect

There are several pins labeled no connect (NC) on the TDC1016 |
Jb and C? packages, which have no connections to the chip.
These pins should be left open.

Name Function Value J5 Package C2 Package J7, B7 Package
NC No Connect Open Pins 1, 38, 39, 40 Pins 6, 30, 31, 32, 33, 37, 38 None

LS| Products Division
TRW Electronic Components Group F9
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Figure 1. Timing Diagram
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Ahsolute maximum ratings (beyond which the device will be damaged} '

Supply Voltages

Vg (measured To Ogpp) -05 to +7.0v

Ve (measured To Agpp) +05 10 -7.0V

Agnp (measured To Ogpp) +10 10 -1.0V
Input Voltages

Digital {measured To Dgyp) +10 to -7.0V

Reference (measured To Agyp) -15 to +05V
Output

Applied voltage (measured To Agyp) +20 to -2.0v?

Short-circuit duration indefini
Temperature

Operating ambient +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.

Operating conditions

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Vee Positive Supply Voltage TTL Mode 4.75 5.0 5.25 450 50 5.50 v

ECL Mode -025 00 0.25 -025 0.0 0.25 v
Vee Negative Supply Voltage -45 -50 -55 -45 -50 -55 v
Vagnp  Analog Ground Voltage (Measured to Dgyp) -0.1 00 01 -01 00 0.1 v
thwiL CLK Pulse Width, LOW 15 20 ns
tPwH CLK Pulse Width, HIGH 15 20 ns ‘
15 Input Register Set-up Time TTL Mode 20 20 ns

ECL Mode 25 2% ns
ty Input Register Hold Time 2 2 ns 1
iL Logic “0" TTL Mode Ognp 08 Dgnp 08 v

ECL Mode -1475 -1475 v
Vin Logic “1” TTL Mode 20 Vee 20 Vee v

ECL Mode -1.105 -1.105 v
VRer Reference Voltage -08 -10 -12 -08 -10 -12 v
Cocomp  Compensation Capacitor 10 10 uF
Ta Ambient Temperature 0 70 °C
Tc Case Temperature -55 125 °C

LSI Products Division
TRW Electronic Components Group F 1
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Electrical characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min | Max Min | Max Units
loc  Power Supply Current TIL Mode, Voo = MAX, Vgg = MAX 20 20 mA
leg Power Supply Current TIL Mode, Vo - MAX, Vgg - MAX -120 -150 mA
Iger  Reference Input Current Veg = MAX, Vgep = -1.0V 10 10 A
L Logic “0" Input Current TTL Mode, Vg = MAX, Vgg = MAX -10 -0 mA
ECL Mode, V¢e = 00, Vgg = MAX -300 -300 HA
g Logic “1” Input Current TTL Mode, Voo = MAX, Vgg = MAX 5 75 uh
ECL Mode, VCC = 00, VEE = MAX 350 350 UA
Cour  Output Capacitance Agur to Agnp (Figure 2) 10 10 pF
Cpy  Digital Input Capacitance Any Digital Input to Dgnp 35 35 pF
Royr Output Resistance Agur to Agnp (Figure 2} n 85 0 % Ohms
Note:

1. Return current from Ve flows through Agyp.

Switching characteristics within specified operating conditions

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max | Units
Fo Maximum Data Rate TTL Mode Full-Scale Qutput Step 20 20 MSPS
ECL Mode Full-Scale Output Step 18 18 MSPS
tps Data Turn-on Delay AL = 75 Ohms 2 20 |ns
tSET Settling Time TDC1016-8 to 0.2% 30 0 |ns
TOC1016-9 to 0.1% i B |ns
TDC1016-10 to .05% 40 4 ns
Ry Output 10% to 90% Risetime Vgg = NOM, AL = 75 Ohms Full-Scale Step 55 55| ns

LSI Products Division

TRW Electronic Components Group
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System performance characteristics within specified operating conditions

SE—
Temperature Range
Standard Extended
Parameter Test Conditions Min | Max | Min | Max Units
RES Resolution All TOC1016 Devices 10 10 bits
ELl, ELD Linearity Error Integral and Differential TOC1016-8 0.2 0.2 % FS
Terminal Based TDC1016-9 0.1 0.1 % FS
TDC1016-10 0.05 0.05 % FS
Vors Full-Scale Output Voltage Vgg = NOM -095( -105 | -095| -1.05 Volts
VR = ~1.000V
Vozg  Zero-Scale Qutput Voltage Vg = NOM, RL = 75 Ohms £15 +18 mV
VREF = -1.000v
op Differential Phase NTSC 4x subcarrier’ 10 10 Degree
DG Differential Gain NTSC 4x subcarrier ! 15 15 %
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 OP and DG due to quantizing error.
Input Coding Table
NDIS N2C NFH NFL Data Qutput Description
0 X X X XXXXXXXXXX 0.0 Output Disabled
1 1 1 1 nmnnm 0.0 Binary {Default State for
1 ] 1 1 0000000000 -1.0 TTL Mode Control) Inputs Open
1 1 0 0 LRRRRRNR R -1.0 Inverse Binary
1 1 0 0 0000000000 0.0
1 0 ] mnmm 0.0 Two's Complement
1 0 1000000000 -10
1 0 0 0 grinm -1.0 Inverse Two's Complement
1 0 0 0 1000000000 0.0
1 X 0 1 XXXXXXXXXX 0.0 Force HIGH
1 X 1 0 XXXXXXXXXX -1.0 Force LOW |
Notes:

1. For TTL, 0.0<V) < +0.8 Volts is logic “0"

2. For TTL, +2.0<Vjy < +5.0 Valts is logic “1"
3. For ECL, -1.85<V) < -1.47 Volts is logic 0"
4. For ECL, -1.10<V)yy < -0.8 Valts is logic “1"
5. "x" = “don't care”

LSI Products Division
TRW Electronic Components Group F 13
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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 TDC1016.

The TDC1016 output and currents from the SYNC and
BLANKING inputs are summed and amplified by the HAZ539
wide-band operational amplifier. Note the careful power supply
decoupling at the power input pins of the amplifier. The output

Y7z 7

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 valtage from & two-terminal band-gap voltage
reference. System gain is calibrated by adjusting variable
resistor R1. Analog and digital grounds should be routed back
to system power supply ground by separate paths.

Figure 5. Typical Interface Circuit
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Parts List
Resistors Capacitors Diodes
R1 5K 14W 10-turn C1 0.01F 50V CR1 1N4001
R2 1K 14w 10-tum c2 1.0uF v
R3 1K 114W 5% 3 1.0uF v Transistors
R4 LX] 14w 5% c4 2.2uF 25V
RS KE] 14w 5% (%] 0.1uF 50V Q1 2N2907
R6 330 14w 5% C6 2-5pF 50V Q2 2N2907
R? 750 1AW 5% c7 DAUF 50V a3 2N2907
R8,RY 10 1AW 5% c8 0.1pF 50V 04 2NB660
R10 5 114W 2% c9 D.IpF 50V a5 2N6660
R11,R12 10K 114w 5% c10 0.1uF 50V
R13 20 14w 5% Integrated Circuits
R14,R15 100 14w 5% RF Chokes
R16,R22 390 14W 5% 11,12 Ferrite beads t TRW TOC1016
R17,R18 X 14w 10-turn u2 M3
R19 1K 14w 5% u3 HA2533
R20,R21 1K 114W 5% U4 SN7404

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1016J5CX Tp = 0°C to 70°C Commercial 40 Lead DIP 1018J5CX
TDC1016J56X Ta = 0°C to 70°C Commercial With Burn—In 40 Lead Dip 1016J5G6X
TDC1018J5FX3 Tg = -55°C to 125°C Commercial 40 Lead Dip 1018J5FX
TOC1016J5A%3 Tg = -55°C to 125°C High Reliaility 40 Lead Dip 1016J5AX
TDC1016J7CX Tp = 0°C to 70°C Commercial 24 Lead DIP 1016J7CX
TDC1016J7GX Tp = 0°C to 70°C Commercial With Bumn-In 24 Lead DIP 101647GX
TDC1016J7FX3 Tg = -55°C to 125°C Commercial 24 Lead DIP 1016J7FX
TDC1016J7AX3 Tg = -55°C to 125°C High Reliability! 24 Lead DIP 1016J7AX
TDC1016B7CX Tp = 0°C to 70°C Commercial 24 Lead CERDIP 1016B7CX
TDC1016B7GX Tp = 0°C t0 70°C Commercial With Burn-In 24 Lead CERDIP 1016B7GX
TOC1016C2CX Tp = 0°C to 70°C Commercial 44 Contact Chip Carrier 1016C2CX
TOC1016C2GX Tp = 0°C t0 70°C Commercial With Burn-In 44 Contact Chip Carrier 1016C26X
TOC1016C2FX3 Tg = -55°C to 125°C Commercial 44 Contact Chip Carrier 1016C2FX
T0C1016C2A%? Tg = -55°C to 125°C High Reliability’ 44 Contact Chip Carrier 1016C2AX
Note:

1. Per TRW document 70201757.
2. “X" in part and mark number indicates grade. The TDC1018 devices are available in three grades. Grade “8” is for B-bit linearity, grade “9” for

9-bit linearity, and grade “10” for 10-bit linearity. The B-hit version of the B7 (CERDIP) package does nat have “-8" marking.

3. The TDC1016 with F or A screening is available in 8 or 9-bit linearity only.
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

F 15



LS!1 Products Division
TRW Electronic Components Group



TDC1018

Preliminary Information

A Conrter |
8-bit, 125MSPS

The TRW TDC1018 is a 125 MegaSample Per Second (MSPS), ® Registered Data And Video Controls

8-bit digital-to-analog converter, capable of directly driving @ e Differential Current Outputs

75 Ohm Ioaq 10 .standard \(ldeo levels.. Mgst apphcatmng require o \idao Controls: SYNC, BLANK, BRighT, Force High
no extra registering, buffering, or deglitching. Four special level .
controls make the device ideal for video applications. All data  ® Inherently Low Glitch Energy
and control inputs are ECL compatible. e ECL Compatible

o i o ) e Multiplying Mode Capability

The TDC1018 is built with TRW's OMICRON-B ™ 1-micron o Power Dissipation << 940mW

bipolar process. On-chip data registers and precise matching . . .
of propagation delﬁvs make the TDC1018 inherently ® Available In 24 Lead DIP And 28 Contact Chlp Carrier

low-glitching. The TDC1018 offers high performance, low ® Single -5.2V Power Supply
power consumption, and video compatibility in a 24 lead DIP L.
or a 28 Contact Chip Carrier. Applications
® RGB Graphics
Features e High Resolution Video
® “Graphics -Ready" ® Raster Graphic Displays
@ 126MSPS Conversion Rate o Digital Synthesizers
* 8-Bit e Automated Test Equipment
® 12 LSB Linearity * Digital Transmitters/Modulators

© Power Supply Noise Rejection > 50dB

Functional Block Diagram
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TRW Electronic Components Group Telex: 697-357 40601211 Rev. D-1/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.AA.
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Functional Block Diagram

My ST 7
8 CONTROL CURRENT > oUT+
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Pin Assignments
2 piy gt
>
s 108 [[~  pan gvm;-?<:
D 2 )23 D3 g S8
Dy 3¢ 2 Dy
Dg 4 21 Dy Dy 26 18 NC
Veep 5 20 Veea 037 17 Iggr+
CONV 6 19 OUT+ Dy 28 16 IRgF-
CoNV 7 18 OUT- D5 1 15 SYNC
FT 8 17 Agnp D 2 14 BRIGHT
Dgnp 8 16 COMP o 3 13 BLANK
FH 10 15 REF+ U by
BLANK 11 14 REF- Dg 4
BRT 12 13 SYNC
WO M~
24 Lead DIP - J7 Package o BEE - 2,
=> 0w Q2

28 Contact Chip Carrier - C3 Package
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Functional Description

General Information

The TDC1018 develops complementary analog output currents
proportional to the product of the digital input data and analog
reference current. All data and control inputs are compatible
with standard ECL logic levels. FeedThrough control (FT)
determines whether data and control inputs are synchronous or
asynchronous. If FT is LOW, each rising edge of the CONVert
clock (CONV) latches decoded data and control values into an
internal D-type register. The registered values are then
converted into the appropriate analog output by switched
current sinks. When FT is HIGH, data and control inputs are
not registered, and the analog output asynchronously tracks the
input values. FT is the only asynchronous input, and is
normally used as a DC contral.

The TDC1018 uses a segmented approach in which the four
MSBs of the input data are decoded into a parallel
“Thermometer” code, which drives fifteen identical current
sinks to produce sixteen coarse output levels. The LSBs of the
input drive four binary-weighted current switches, with a total
contribution of one-sixteenth of full scale. The LSB and MSB
currents are summed to provide 256 analog output levels.

Special control inputs, SYNC, BLANK, Force High {FH) and
BRighT (BRT}, drive appropriately weighted current sinks which
add to the output current to produce specific output levels
especially useful in video applications.

Power

To provide highest noise immunity, the TDC1018 operates from
separate analog and digital power supplies, VEgA and VEED,
respectively. Since the required voltage for both Vggp 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 lggp, the current drawn

from the VEgp supply, is Dgnp- The return for Igga is AGND-
Al power and ground pins MUST be connected.

Although the TDC1018 is specified for a nominal supply of
-5.2V, operation from a +5.0V supply is possible provided that
the relative polarities of all voltages are maintained.

Name Function Value J7 Package C3 Package
VEga Analog Supply Voltage -5V Pin 20 Pin 23

VEED Digital Supply Voltage -5V Pin 5 Pin 6
AgND Analog Ground 0.0v Pin 17 Pin 20
Dgnp Digital Ground oov Pin 8 Pin 10

LS| Products Division

TRW Electronic Components Group F 19
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Reference

The TDC1018 has two reference inputs: REF+ and REF-,
which are noninverting and inverting inputs of an internal
reference buffer amplifier. The output of this operational
amplifier serves as a reference for the current sinks. The
feedback loop is internally connected around one of the current
sinks to achieve high accuracy (see Figure 4).

The analog output currents are proportional to the digital data
and reference current, IRgr. The full-scale output value may
be adjusted over a limited range by varying the reference
current. Accordingly, the stability of the analog output depends
primarily upon the stability of the reference. A method of
achieving a stable reference is shown in Figure 7.

The reference current is fed into the REF+ input, while REF-
is typically connected to a negative reference voltage through a
resistor chosen to minimize input offset bias current effects.

A COMPensation input {COMP), is provided for external
compensation of the TDC1018's reference amplifier. A capacitar
{Cg) should be connected between COMP and the VEga supply,
keeping lead lengths as short as possible. The value of the
compensation capacitor determines the effective bandwidth of
the amplifier. In general, decreasing Cg increases bandwidth
and decreases amplifier stability. For applications in which the
reference is constant, Cg should be large, while smaller values
of Cc may be chosen if dynamic modulation of the reference
is required.

Name Function Value J7 Package C3 Package
REF- Reference Current ~ Input Op~Amp Virtual Ground Pin 14 Pin 16
REF+ Reference Current + Input Op-Amp Virtual Ground Pin 15 Pin 17
comp COMPensation Input Ce Pin 16 Pin 19

Controls

The TDC1018 has four special video control inputs: SYNC,
BLANK, Force High (FH), and BRighT (BRT), in addition to a
clock FeedThrough control (FT). All controls are standard ECL
level compatible, and include internal pulldown resistors to
force unused controls to a logic LOW (inactivel state.

Typically the TDC1018 is operated in the synchronous mode,
which assures the highest conversion rate and lowest spurious
output noise. By asserting FT, the input registers are disabled,
allowing data and control changes to asynchronously

feed through to the analog output. Propagation delay from
input change (control or data) to analog output is minimized in
the asynchronous mode of operation.

In the synchronous mode, the video control inputs are
registered by the rising edge of the CONV clack in @ manner
similar 10 the data inputs. The contrals, fike data, must be
present at the inputs for a setup time of tg {ns} before, and a
hold time of ty (ns) after the rising edge of CONV in order to

be registered. In the asynchronous mode, the setup and hold
times are irrelevant and minimum pulse widths HIGH and LOW
become the limiting factor.

Asserting the video controls produces various output levels
which are used for frame synchronization, horizontal blanking,
gtc., 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.

Name Function Value J7 Package C3 Package
FT Register FeedThrough Control ECL Pin 8 Pin 8
FH Data Force High Control ECL Pin 10 Pin 12
BLANK Video BLANK Input ECL Pin 11 Pin 13
BRT Video BRighT Input ECL Pin 12 Pin 14
SYNC Video SYNC Input ECL Pin 13 Pin 15

F2
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Data Inputs

Data inputs to the TDC1018 are standard single-ended ECL
level compatible. Internal pulldown resistors force unconnected
data inputs to logic LOW. Input registers are pfovided for
synchronous data entry and lowest differential data propagation
delay (skew), which minimizes glitching.

In the registered mode, valid data must be present at the
input a setup time tg (ns) before, and a hald time ty (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.

Name Function Value J7 Package C3 Package
Dy Data Bit 1 (MSB) ECL Pin 21 Pin 25
Dy ECL Pin 22 Pin 26
Dy ECL Pin 23 Pin 27
Dy ECL Pin 24 Pin 28
D5 ECL Pin 1 Pin 1
Dg ECL Pin 2 Pin 2
0 ECL Pin 3 Pin 3
DB Data Bit 8 (LSB) ECL Pin & Pin 4

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 (Vggl. The bias voltage chosen will determine the

switching threshold of CONV. However, for best performance,
CONV must be driven differentially. This will minimize clock
noise and power supply/output intermodulation. Both clock
inputs must normally be connected, with CONV being the
complement of CONV.

Name Function Value J7 Package C3 Package
CONV CONVert Clock Input ECL Pin 6 Pin 7
CONV CONVert Clock Input, Complement ECL Pin 7 Pin 8

Analog Outputs

The two analog outputs of the TDC1018 are high—impedance
complementary current sinks which vary in proportion to the
input data, controls, and reference current values. The outputs
are capable of directly driving a dual 75 Ohm load to standard
video levels. The output voitage will be the product of the

output current and effective load impedance, and will usually
be between 0V and -1.07V in the standard configuration (see
Figure 5). In this case, the OUT- output gives a DC shifted
video output with “sync down.” The corresponding output from
0UT+ is also DC shifted and inverted, or “sync up.”

Name Function Value J7 Package C3 Package
ourt- Output Current - Current Sink Pin 18 Pin 21
0UT+ Output Current + Current Sink Pin 19 Pin 22

LSI Products Division

TRW Electronic Companents Group F2
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Figure 1. Timing Diagram
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Figure 4. Equivalent Output Circuit
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Absofute maximum ratings (beyond which the device will be damaged) !
Supply Voltages
Vegp (measured to Dgyp! -170 to 0.5V
VEga (measured to Agyp) -10 10 05V
AgNp (measured to Dgyg) -05 to 0.8V
Input Voltages
CONV, Data, and Controls (measured to Dgyp) Vggp to 05V
Reference input, applied voltage (measured to AGND)Z
REF+ VEEA to 05V
REF- VEea to 05V
Reference input, applied current, externally forced 34
REF+ 6.0mA
REF- 0.5mA
Output
Analog output, applied voltage (measured to Agyp)
ouT+ -20to +2.0V
ouT- -20 to +20V
Analog output, applied current, externally forced 34
ouT+ 50mA
ouT- 50mA
Short circuit duration Unlimited sec
Temperature
Qperating, 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.

LSI Products Division
TRW Electronic Components Group
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Operating conditions

Temperature Range
Standard

Parameter Min Nom Max Units
Veep Digital Supply Voltage (measured to Dgyp! -49 -52 -85 v
Vega Analog Supply Voltage (measured to Agyp! -43 -52 -55 v
VAGND Analog Ground Voltage (measured to Dgnp) -0.1 0.0 +0.1 v
Vega-Veep  Supply Voltage Differential -0.1 00 +0.1 v
Vicm CONV input Voltage, Common Mode Range (Figure 2) -05 -25 )
Vior CONV Input Voltage, Differential (Figure 2) 04 12 v
L CONV Pulse Width, LOW 4 ns
towH CONV Pulse Width, HIGH 4 ns
ts Setup Time, Data and Controls 5 ns
ty Hold Time, Data and Controls 0 ns
Vi Input Voltage, Logic LOW -149 v
Viy Input Voltage, Logic HIGH -1.045 v
IREF Reference Current Video standard output levels' 1.058 1.115 117 mA

8-bit linearity 10 13 mA
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 after initial gain correction of device.

Electrical characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
leea+lgep  Supply Current VEEA = VgD = MAX, static!

Ty = 0°C to 70°C 170 mA

Tp = 10°C 130 mA
CRer Equivalent Input Capacitance, REF+, REF- 5 pF
G Input Capacitance, Data and Controls 5 pF
Vocp Compliance Voltage, + Qutput -12 +15 v
Vocn Compliance Voltage, - Output -12 +15 v
Rg Equivalent Output Resistance 20 kOhms
Cy Equivalent Qutput Capacitance 20 pF
lop Max Current, + Qutput Vegs = NOM, SYNC = BLANK = 0, FH ~ BRT = 1 30 mA
lon Max Current, - Output Vega = NOM, SYNC - 1 30 mA
I Input Current, Logic LOW, Data and Contrals Vegp = MAX, V) = -1.40V 200 HA
m Input Current, Logic HIGH, Data and Controls VEgp = MAX, V) = -1.00v 200 KA
e Input Current, Convert Vegp = MAX, -28V < V) < -05V 50 HA
Note:

1. Worst case over all data and control states.
LSt Products Division
TRW Electronic Companents Graup F 25
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Switching characteristics within specified operating conditions

Temperature Range
' Standard

Parameter Test Conditions Min Max Units
FS Maximum Conversion Rate vEEA’ VEEU = MIN 125 MSPS
tpsc  Clock to Output Delay, Clocked Mode Veea Veep = MIN FT = 0 8 ns
tosT Data to Output Delay, Transparent Mode Veea Veep = MIN, FT = 1 13 ns
tg) Current Settiing Time, Clocked Mode Vega Vegp = MIN, FT = 0

0.2% 10 ns

0.8% 8 ns

3% 5 ns
tal Risetime, Current 10% to 90% of Gray Scale 17 ns

System performance characteristics within specified operating conditions
L. _______________________________________________________ ]

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Eyy  Linearity Error Integral, Terminal Based | Vega, Viep, Iper = NOM 02 % of Gray Scale
Elp  Linearity Error Differential VEea. VeeD. Iger = NOM 02 % of Gray Scale
'DF Output Offset Current VEen VEED ~ MAX, SYNC = BLANK = 0, FH = BRT = 1 10 MA
Eg  Absolute Gain Error Veea Veep =~ MIN, Igge = NOM b % of Gray Scale
TCg  Gain Error Tempco +0.024 % of Gray Scale/°C
BWR Reference Bandwidth, -3dB Cp = MIN, AVpge = TmV p-p 1 MH:z
DP  Differential Phase 4 x NTSC 19 Degrees
DG Differential Gain 4 x NTSC 20 %
PSRR  Power Supply Rejection Ratio VEea VEeD: IRer - NOM'! 45 dB

Veea. VeeD: IRer = NOM? ‘C' 55 dB
PSS Power Supply Sensitivity Veea: Veep. Iger = NOM - 120 UAN
Gg  Peak Glitch Charge Registered Mode34 800 fCoulomb
G) Peak Glitch Current Registered Mode 12 mA
Gg  Peak Glitch “Energy” {Area) Registered Mode ! 30 pV-Sec
FTg  Feedthrough Clock Data = Constant’ -50 [i1:]
Fp  Feedthrough Data Clock = Constant® -50 dB
Notes:

F 26

1. 20KHz, +0.3V ripple superimposed on Vgpp, Vgp: 0B relative to full gray scale.

2. 60Hz, 0.3V ripple superimposed on Vg, Vegp: dB relative to full gray scale.

3. fCoulombs = microamps x nanoseconds

4. 37582 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 | Out- {mA)’ Out- (W2 | Out- (IRE)3 Description 4
1 X X X X 2857 -10n -4 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 [} 1 0 X 195 -0073 100 Normal High Level
0 0 0 0 000... 19.40 -0.728 15 Normal Low Level
0 0 0 0 .. 195 -00713 100 Normal High Level
0 0 0 1 000... 174 -0.654 175 Enhanced Low Level
0 0 0 1 1. 0.00 0.00 110 Enhanced High Level
Notes:
1. Out+ is complementary to Qut-. Current is specified as conventional current when flowing into the device.
2. Voltage produced when driving the standard load configuration (37.5 Ohmsl. See Figure 5.
3. 140 IRE units = 1.00V.
4. RS-343-A tolerance on all control values is assumed.

Figure 6. Video Output Waveform for Qut— and Standard Load Configuration
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Figure 7. Typical Interface Circuit
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Parts List

Resistors Integrated Circuits
R1 1KQ Pot 10 Turn Ut TDC1018 DIA Converter
R2 1.00K2 1/8W 1% Metal Film
R3 200KQ 1/8W 1% Metal Film Voltage References
R4 1.00KQ 18W 1% Metal Film
VR1 LM113 or LM313 Bandgap Reference
Capacitors
Inductors
Ci-C3 0.IuF 50V Ceramic disc
Cp 0.01F 50v  Ceramic disc L Ferrite Bead Shield Inductor

Fair-Rite PIN 2743001112 or Similar

LS| Products Division
F 28 ' TRW Electronic Components Group
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Ordering Information
]
Product Temperature Range Screening Package Package
Number Marking
TDC1018J7C STD-Ty = 0°C to 70°C Commercial 24 Lead DIP 101847C
TDE1018J7G STD-Tp = 0°C to 70°C Commercial With Burn-in 24 lead DIP 1018476
TOC1018C3C STD-Ty = 0°C to 70°C Commercial 28 Contact Chip Carrier 1018C3C
TDC1018C36 STD-Ty = 0°C to 70°C Commercial With Burn-In 28 Contact Chip Carrier 1018C3G

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.

LS| Products Division
TRW Electronic Components Group
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Preliminary Information

Dlverter T
4-bit, 125MSPS

The TRW TDC1034 is a 125 MegaSample Per Second (MSPS), e Registered Data And Video Controls
4-bit digital-to-analog converter, capable of directly driving @ e Differential Current Outputs
75 Ohm Ioaq to 'standard Yldeo Ievels.' qut appllcatmns.reqmre o Video Contrals: SYNC, BLANK, BRighT
no extra registering, buffering, or deglitching. Three special i
level controls make the device ideal for video applications. Al ® Low Glitch Energy
data and control inputs are ECL compatible. ¢ ECL Compatible

o ' " . ® Low Power Dissipation
The TOC1034 is buit with TRW's OMICRON-B™ T-micron ¢ p siable Iy 1 Lead DIP And CERDIP Packages
bipolar process. On-chip data registers and precise matching
of propagation delays insure low glitch energy. The TDC1034
offers high performance, low power consumption, and video

® Single -5.2 Power Supply

compatibility in an 18 Iead DIP package. Applications
. * CAD
eatures © RGB Graphics
° “Graphics-Ready” ¢ Raster Graphic Displays
® 126MSPS Conversion Rate e Digital Synthesizers
o 1/8 LSB Linearity o Automated Test Equipment
® Power Supply Noise Rejection > 50dB ® Digital Transmitters/Modulators
Functional Block Diagram
014
4 CONTROL CURRENT > T+
BLANK, L0GIC :> REGISTER :> SWITCHES > oUT-
BRT, 7>
SYNC ) f
- : | g
CONv, CONV T ” SOURGE
+ -
i tt 41
A A A A A A A
Veeo Voo Veea Veea REF+ REF- COMP
LSI Products Division Phone: (819 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 897-857 40601419 Rev. C-1/85
P.0. Box 2472 TWX: 810~335-1571 Printed in the US.A,

La Jofle, CA 82038
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Functional Block Diagram
s 7))
4 CONTROL | CURRENT » OUT+
| LogIC :> REGISTER SWITCHES -
BAT, ——"
SYNC 3 *
2 REFERENCE
CONV, CONV = y | > ggggg@r

i

!

T A ﬁu

A A

* * N\ N\ /K

Veen Veeo Veen Veea REF+ REF- COMP
Pin Assignments
D3 1 18 Dy

{LSB) Dy 2 17 Dy (MSB)
VEep 3 16 VEga
CONV 4 15 OUT+
TONV 5 14 QUT-
Vecp 6 13 Vega

BLANK 7 12 cOMP
BRT 8 ) 11 REF+
SYNC 9 10 REF-

18 Lead DIP - J8 Package
18 Lead CERDIP - B8 Package

Functional Description

General Information

The TDC1034 develops complementary analog output currents
proportional to the product of the digital input data and analog

reference current. All data and control inputs are compatible
with standard ECL logic levels. Each rising edge of the

CONVert clock (CONV) 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 contral inputs, SYNC, BLANK and BRighT {BRT), drive
appropriately weighted current sinks which add to the output
current to produce specific output levels especially useful in
video applications.

LSI Products Division
TRW Electronic Components Group
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Power

To provide highest noise immunity, the TDC1034 operates from
separate analog and digital power supplies, VEgA and VEED,
respectively. Since the required voitage for both VEgp and
VEED is -5.2V, these may ultimately be connected to the
same power source, but high-frequency decoupling for each
supply is recommended. A typical decoupling network is shown
in Figure 7. The return for Iggp, the current drawn from the

VEED supply, is Vgep. The return for Igga is Voca. All VEE
and Vg pins MUST be connected.

Although the TDC1034 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.

Name Function Value J8, B8 Package
VEea Analog Supply Voltage -5V Pin 16
Veep Digital Supply Voltage -5.2V Pin 3
Veea Analog Supply Voltage 0.ov Pin 13
Veeo Digital Supply Voltage 0.0v Pin 6

Reference

The TDC1034 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 4).

The analog output currents are proportional to the digital data
and reference current, IRer. 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 shawn in Figure 7.

The reference current flows into the REF+ input, while REF-
is typically connected to a negative reference voltage through a
resistor chosen to minimize input offset current effects.

A COMPensation input (COMP), is provided for external
compensation of the TDC1034's reference amplifier. A capacitor
{Cc) should be connected between COMP and the VEga supply,
keeping lead lengths as short as possible. The value of the
compensation capacitor determines the effective bandwidth of
the amplifier. In general, decreasing C( increases bandwidth
and decreases amplifier stability. For applications in which the
reference is constant, C¢ should be large, while smaller values
of Cg may be chosen when dynamic modulation of the
reference is required.

Name Function Value J8, B8 Package

REF- Reference Current - Input Op~Amp Virtual Ground Pin 10 “
REF+ Reference Current + Input Op-Amp Virtual Ground Pin 11

COMP COMPensation Input Ce Pin 12 ‘

LSI Products Division
TRW Electronic Components Group
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Controls

The TDC1034 has three special video control inputs: SYNC,
BLANK and BRighT (BRT). Al controls are standard ECL level
compatible, and include internal pulldown resistars to force
unused contrals to a logic LOW f(inactive) state.

The video control inputs are registered by the rising edge of
the CONV clock in @ manner similar to the data inputs. These
inputs, like data, must be valid for a setup time of tg before,
and a hold time of ty after the rising edge of CONV in order
to be registered.

Asserting the video controls produces various output levels
which are used for frame synchronization, harizontal 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 cursars,
warning messages, or menus. For non-video applications,
these controls may be left unconnected.

Name Function Value J8, B8 Package
BLANK Video BLANK Input ECL Pin 7
BRT Video BRighT Input ECL Pin 8
SYNC Video SYNC Input ECL Pin 8

Data Inputs

Data inputs to the TDC1034 are standard single-ended ECL
compatible. Internal pulldown resistors force unconnected data
inputs to logic LOW. Input registers are provided for
synchronous data entry and lowest differential data prapagation
delay Iskew), which minimizes glitching.

Valid data must be present at the input a setup time tg
before, and a hold time ty after the rising edge of CONV.

Name Function Value J8, B8 Package
Dy Data Bit 1 (MSB) ECL Pin 17
0, ECL Pin 18
0y ECL Pin 1
Dy Data Bit 4 (LSB) ECL Pin 2

Convert

CONVert (CONV) is a differential ECL compatible clock input
whose rising edge synchronizes data and control entry into the
TDC1034. Within the constraints shown in Figure 2, the actual
switching threshold of CONV is determined by CONV. CONV
may be driven single-ended by connecting CONV to a suitable

bias voltage (Vgp). The bias voltage chosen will determine the
switching threshold of CONV. However, for best performance,
CONV must be driven differentially. This will minimize clack
noise and power supplyloutput intermodulation. Both clock
inputs must normally be connected.

Name Function Value J8, B8 Packags
CONV CONVert Clock Input ECL Pin 4
CONV CONVert Clock Input, Complement ECL Pin §

F 34
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Analog Outputs

The two analog outputs of the TDC1034 are high impedance current and effective load impedance, and is usually between
complementary current sinks which vary in proportion ta the 0V and -1.07V in the standard configuration (see Figure 5. In
input data, controls, and reference current values. The outputs this case, the OUT- output gives a DC shifted video output
are capable of directly driving dual 75 Ohm loads to standard with “sync down.” The corresponding output from OUT+ is

video levels. The output voltage is the product of the output also DC shifted and inverted, or “sync up.”
Name Function Value J8, B8 Package
ouT- Output Current - See Text Pin 14
ouT+ Output Current + See Text Pin 15

Figure 1. Timing Diagram
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Figure 3. Equivalent Input Circuits
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Absolute maximum ratings (beyond which the device will be damaged)!

Supply Voltages
Veep (measured to Vogp) -10 to 05V
Vega (measured to Voga) -10 to D&V
VEga (measured to Vegp) -05 to 05V
Vgca (measured to Vppp) ~05 to 0.5V
Input Voltages
CONY, Data, and Controls (measured to Vppp) Vggp to 08V
Reference input, applied voltage {measured to V[;cAi2
REF+ VEEA to 0.5V
REF- Vega to 08V
Reference input, applied current, externally forced™*
REF+ 6.0mA
REF- 05mA
Output
Analog output, applied voltage {measured to Vpca)
ouT+ -20 to +20V
ouT- -20 to +20V
Analog output, applied current, externally forced™*
ouT+ 50mA
ouT- 50mA
Short circuit duration Unlimited sec
Temperature
Operating, ambient -60 to +140°C
junction +175°C
Lead, soldering (10 seconds} +300°C
Storage -60 to +150°C
Notes:

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

2. Applied voltage must be current limited to specified range.
3. Forcing voitage must be limited to specified range.
4. Current is specified as conventional current when flowing into the device.

LSI Products Division
TRW Electronic Components Group F 37
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Qperating conditions

Temperature Range
Standard

Parameter Min Nom Max Units
Veep Digita! Supply Voltage (measured to Vpep! ~-4.15 -52 -55 v
VEgp Analog Supply Voltage (measured to Vpep) -475 -52 -55 v
Veca-Veep Supply Voltage Differential -0.1 0.0 +0.1 v
VEga~Veep Supply Voltage Differential -0.1 0.0 +0.1 v
Viem CONV Input Voltage, Common Mode Range {Figure 2) -05 -25 v
Vioe CONV Input Voltage, Differential {Figure 2) 03 12 v
tpwlL CONV Pulse Width, LOW 4 ns
tPWH CONV Pulse Width, HIGH g ns
1 Setup Time, Data and Controls 5 ns
ty Hold Time, Data and Controls 0 ns
iL Input Voltage, Logic LOW -149 v
Vi Input Voltage, Logic HIGH -1045 v
IREF Reference Current

Video standard output levels’ 1.10 117 1.4 mA

6-bit linearity 10 13 mA
Cc Compensation Capacitor 1000 2700 pF
Ta Ambient Temperature, Still Air 0 70 °C

Note: 1. Minimum and Maximum values allowed by +5% variation given in RS343A and RS170 after intitial gain correction of device.

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Igga+lgep  Supply Current Vega = Veep MAX static'

Tp = 0°C 0 70°C -145 mA

Ty = 10°C -130 mA
Crer Equivalent Input Capacitance, REF+, REF- 5 pF
Gy Input Capacitance, Data and Controls 5 pF
Vocp Compliance Voltage, + 0utpu12 Measured with respect to Vpep -12 +15 v
Voo Compliance Voltage, - Output? -12 +15 ]
Ry Equivalent Output Resistance 50 K
Cg Equivalent Output Capacitance 20 pF
lop Max Current, + Output Vegp = NOM, SYNC - BLANK =0, BRT = 1 30 mA
lon Max Current, - Output Vggp = NOM, SYNC = 1 30 mA
I Input Current, Logic LOW, Data and Controls Vegp = MAX V) = -140V 200 A
hH Input Current, Logic HIGH, Data and Controls VEgp = MAX, V| = -1.00V 200 HA
e Input Current, Convert Vegp = MAX, =25 < V| < -05 50 uA

Notes: 1. Worst case over all data and control states.
2. EG =< 6% of gray scale.

LSI Products Division
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Switching characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
Fg  Maximum Conversion Rate Veea Veep = MIN 125 MSPS
tpsg  Clock to Output Delay Veea Veep = MIN 8 ns
tg)  Current Settling Tims, Clocked Mods Veea Veep = MIN, 32% 5 ns
ta)  Rise Timg, Current 10% to 80% of Gray Scale 2 ns

System performance characteristics within specified operating conditions

Temperature Range
Standard
Paramater Test Conditions Min Max Units
E\|  Lincarity Error Integral, Terminal Based | Vg, Veep lper = NOM 08 % of Gray Scale
Elp  Linearity Error Differential Veea Veep Irer = NOM 08 % of Gray Scale
lop  Output Offset Current Veea Vegp = MAX, SYNC = BLANK = 0, BRT = 1 10 kA
EG  Absolute Gain Error Vega Veep = MIN 6 % of Gray Scale
TCg  Gain Error Tempco Iper = NOM 001 % of Gray Scals/°C
BWR  Reference Bandwidth, ~3dB Cg = MIN, AVpgg = TmV p-p 1 MHz
PSRR  Power Supply Rejection Ratio Veea Veen Ier = NOM! 4 d8
Veea Veep Iper = NOMZ 4 8
PSS Power Supply Sensitivity Veea Veep Iper = NOM 120 HAIV
Gg  Peak Gitch Charge®* 800 f Coulomb
G Peak Glitch Current 12 mA
Ge  Peak Glitch “Energy” (Area)® 30 pv-Sec
FTg  Feedthrough Clack’ Data = Constant BW = 250MHz -3 dB
BW = 50MHz -50 dB
Flg  Feedthrough Datad CONV = Constant BW = 250MH: -#2 @8
= 50MHz -50 dB

Notes:

dB relative to full gray scale.

LSI Products Division

20KHz, 0.75V p~p ripple superimposed on Vega, Vegp: dB relative to full gray scale.
60KHz, 0.75V p-p ripple superimposed on Vgga, Vpep: dB refative to full gray scele.
fCoulombs = microamps x nanoseconds.

37.58 load. Because glitches tend to be symmetric, average glitch energy approaches zero.

TRW Electronic Components Group
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Table 1 Video Control Truth Table
Sync Blank Bright Data Input Out— (mA)’ Out- (V)2 Out- (IRE)d Description*
1 X X X 2857 -1.01 -4 Sync Level
0 1 X X 2083 -0.781 0 Blank Level
0 0 0 0000 19.40 -0728 15 Normal Low Level
0 0 0 m 195 -0073 100 Normal High Level
0 0 1 0000 17.44 -0.654 15 Enhanced Low Level
0 0 1 m 0.00 0.00 110 Enhanced High Level
Notes:
1. Out+ is complementary to Qut-. Current is specified as conventional current when flowing into the device.
2. Voltage produced when driving the standard load configuration (37.56 Ohms to Vpcal. See Figurs 5.
3. 140 IRE units = 1.00V.
4. RS-343-A tolerance on all control values is essumed.

Figure 6. Video Output Waveform for Out— and Standard Load Configuration
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Figure 7. Typical Interface Circuit
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1034J8C STD-Tp = 0°C to 70°C Commercial 18 Lead DIP 1034J8C
TDC1034J8G STD-Tp = 0°C to 70°C Commercial With Burn—In 18 Lead DIP 1034J8G
TDC1034B8C STD-Tp = 0°C to 70°C Commercial 18 Lead CERDIP 1034B8C
TOC1034B8G STD-Tp = 0°C to 70°C Commercial With Burn-In 18 Lead CERDIP 1034886

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 natice. Contact TRW far current information.

LS| Products Division
TRW Electronic Components Group
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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

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/MPYO8HU (8-bit),
MPYO012H (12-bit), and MPYO016H
(16-bit) devices are fabricated using a
two-micron triple-diffused bipolar
technology.

“H" Series CMOS Muttipliers

The TMC216H (16-bit) is a TRW
CMOS multiplier which is pin and
function compatible with the bipolar
MPYOI16H. 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-B™ one-micron
triple-diffused bipolar technology. The
MPY112K has been optimized for
minimum package size and operation at
video processing speeds (20MHz). The
MPYO016K is a faster yet pin-
compatible version of the MPYOQ16H.

Pawer

Multiplication  Dissipation?
Product Sizz  Time! (ns) (Watts) Package Notes
MPY00BH 818 % 20 Js, €2 Two's complement
MPY008H-1 8x8 85 20 J5, C2 Twao's complement
MPY08HU 8x8 90 20 J5 Unsigned magnitude
MPYOBHU-1 8«8 65 20 J5 Unsigned magnitude
MPY01ZH 12x12 115 37 J1, €1, L, A
MPY112K 12x12 50 24 J4 16-Bit product
MPYD16H 16x16 145 48 J1, ¢, 0, R
MPY016K 16x16 45 46 Ji, 0, 1
MPY016K-1 16x16 40 45 Ji, C, 1
TMC216H 16x16 145 37 J3, €, 0 CMOS
Notes:

1. Guaranteed, Worst Case, Tp = 0°C to 70°C.

2. Bipolar: Worst Case Tp = 0°C to 70°C.

CMOS: All inputs toggling at MAX clock rate, unloaded. Ty = 0°C to 70°C.

G3
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Multiplier
8 X 8 Bit, 6ons

The MPYOO8H is a high-speed 8 x 8 bit parallel multiplier
which operates at a 656 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-fiops. The
MPY008H is built with TRW's 2-micron bipolar process.

Features

® G5ns Multiply Time: MPY008BH-1

® 30ns Multiply Time: MPY008H

® § x 8 Bit Parallel Multiplication With 16-Bit Product Output
® Three-State Outputs

4 FXWY

e Fully TTL Compatible

o 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

e Microcomputer/Minicomputer Accelerators

Functional Block Diagram

R
wWos—7—N g
X7-9} 8 A

CLK X

V
RND > (1)
Ve RR
ctxv)—-———l
vV
Ny
Y9_¢ [] (8)
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Functional Block Diagram

R
L mw ay [
X7-¢! 8 A
CLK X
vV
RND S {1
d HR
CLKY>————|
V
oSN B
Yy_g 8 (L]

TRIM

(;> Am MSPgur
@ 8 PseN: P1-7)

t> RL LSPOUT
(L] {Psgn: Pg—1a)

CLKP TRIL

Pin Assignments

Pg
Pg

Py

CLK P
TRIM

TRIL

(LSP} PggN

G 6

O SN &N -

Py

P3

Py

Py

PggN (MSP)

Yson NC

Yi (MSP) PsGN

Yy Py

GND Py

Y3 P3

Vee Py

Ya Ps

Y5 Pg

W P
7

RND CI.KN:

CLK Y

CLK X

XseN

X

40 Lead DIP - J5 Package

sS=28

TRIL 8

TRIM

44 Contact Chip Carrier ~ C2 Package
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Functional Description

General Information

The MPY00BH has three functional sections: input registers, an  multiplier array is a network of AND gates and adders,
asynchronous multiplier array, and output registers. The input designed to handle two’s complement numbers only. The

registers store the two B-bit numbers which are to be output registers hold the product as two B-bit words, the
multiplied and the instruction which controls the output Most Significant Praduct (MSP} and the Least Significant
rounding. This rounding control is used when a single-word Product (LSP). Three-state output drivers allow the MPY0O8H
output is desired. Each input operand is stored independently, to be used on a bus, or allow the least and most significant
simplifying multiplication by a constant. The asynchronous outputs to be multiplexed over the same 8-bit output lines.
Power

The MPYOOBH operates from a single +5 Volt supply. Al
power and ground lines must be connected.

Name Function Value J5 Package C2 Package
Vee Pasitive Supply Voltage +50V Pin 30 Pin 34
GND Ground 0.ov Pin 32 Pin 36

Data Inputs
The MPYO0BH has two B-bit two's complement data inputs, through X7 and Y1 through Y7 (with X7 and Y7 the Least

labeled X and Y. The Most Significant Bits (MSBs), denoted Significant Bits). The input and output formats for fractional

XsaN and Ysgn, carry the sign information for the twa's two's complement notation and integer two's complement

complement notation. The remaining bits are denoted X1 notation are shown in Figures 1 and 2, respectively.
Name Function Value J5 Package C2 Package
XSaN X Data Sign Bit (MSB) T Pin 22 Pin 25
X u Pin 21 Pin 24
% i Pin 20 Pin 23
X3 T Pin 18 Pin 22
Xy L Pin 18 Pin 21
X5 T Pin 17 Pin 20
Xg L Pin 16 Pin 19
X7 X Data LSB L Pin 15 Pin 18
YsaN Y Data Sign Bit (MSB) it Pin 35 Pin 39
v et Pin 34 Pin 38
Yy ut Pin 33 Pin 37
Yy T Pin 31 Pin 35
Yy L Pin 29 Pin 33
Ys L Pin 28 Pin 32
Y m Pin 27 Pin 31
Yy Y Data (LSB) T Pin 26 Pin 30

LSI Products Division
TRW Electronic Components Group G7
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Data Outputs

The MPYC08H has a 16-bit two's complement output which is
the product of the two input data values. This output is
divided into two B-bit output words, the Most Significant
Product (MSP) and Least Significant Product (LSP). The Most
Significant Bit (MSB] of both the MSP and the LSP is always
the sign bit, PggN. 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. 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 MPY0O0BH provides a -1
output in this case. As a result, external error handling
provisions may be required.

Name Function Value J5 Package C2 Package
Psan Product Sign Bit {MSP) L Pin 38 Pin 41
Py T Pin 37 Pin 42
Py TTL Pin 38 Pin 43
Py L Pin 3 Pin 44
Py TiL Pin 40 Pin 1
Py it Pin 1 Pin 2
Pg L Pin 2 Pin 3
Py TIL Pin 3 Pin 4
PsgN Product Sign Bit (LSP) m Pin 7 Pin 8
Py T Pin 8 Pin 10
Py TiL Pin § Pin 11
Pig T Pin 10 Pin 12
P it Pin 11 Pin 13
P12 m Pin 12 Pin 14
P13 Tt Pin 13 Pin 15
Pis Product LSB ! Pin 14 Pin 16

Clocks

The MPYDO8H has three clock lines, one for each of the input
registers and ane 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

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.

Name Function Value J5 Package C2 Package
CLK X Clock Input Data X TiL Pin 23 Pin 26
CtkK Y Clock Input Data Y TiL Pin 24 Pin 27
ClK P Clock Product Register TIL Pin 4 Pin 5

No Connects

The contact chip carrier version of the MPYOO0BH has four pins

which are not connected internally. These should be left

unconnected.
Name Function Value J5 Package C2 Package
NC No Connection Open None Pins 6, 17, 28, 40

G B
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Control
The MPY008H has three control lines:

TRIM,TRIL Three—state enable lines for the MSP and the RND The RND input is registered, and clocked in at
LSP. The output driver is in the high-impedance the rising edge of the logical OR of both CLK X
state when TRIM or TRIL is HIGH, and enabled and CLK Y. Special attention is required if
when the appropriate control is LOW. normally HIGH clock signals are used. Problems

with loading these control signals can be
avoided by the use of normally LOW clocks.

Name Function Value J5 Package C2 Package
RND Round Contro! Bit TIL Pin 25 Pin 29
TRIM MSP Three-State Control TIL Pin & Pin 7
TRIL LSP Three-State Control TIL Pin & Pin 8

BINARY POINT
<

Xson | X1 X X3 X3 X5 Xg X7 SIGNAL

O 2t | 22| 23 | 24| 25| 26 | 27 | oieiT vALUE

Ysgn | Y1 Yy Y3 \/1 A\ \ Y7 | SIGNAL

B2V 22 23| | 25 25| 27 | vieiv vawe

Psgn | Py [ P2 | P3 | Pa | Ps | Pg | P; {Psgy| Pg | Po | Pio | Py | Pr2 | Prg [ Pya | SIGNAL
DNV 2| B3 A5 S| 27| 0| 28 | 29 | 210 21| 212 | 213| 21 | piGIT VALUE
MsP LSP

Figure 2. Integer Two's Complement Notation !

BINARY POINT ﬂ

4
XSGN X4 Xz X3 X3 Xs Xg X7 | SIGNAL
2| BB | A | B | 2| 2| D | DGIT VALE

Ysgn| Yo | Y2 [ Y3 | Ya | Y5 | Yg | Y7 | SIGNAL
2| | S| A B3| 2| 2t | 28 |06 vAE

Psgn | Pt | P2 [ P3 | Pg | Ps | Pg { P; |Pggy| Pg | Pg | Pig| Ppy [ Prz | Pi3 | Prg | SIGNAL
218 [ 213 | 212 | M | W0 | 8 | B | 27 | 2M| B | 5| A| B3| 2| 2|20 |oervae
MSP LsP

LSI Products Division
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Figure 3. Timing Diagram
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Figure 4. Equivalent Input Circuit Figure 5. Equivalent Qutput Circuit
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Figure 6. Test Load 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.

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
gxample, the MPYO0BH does not differentiate between this
aperation:

Bx2=12
and this operation:

{6/8) x 12/8)=12/64.

The difference lies only in constant scale factors fin 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.

LS! Products Division
TRW Electronic Components Group

Because common design practice assigns a fixed value to any
given line fand 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) !

Supply Voltage ~05 to +7.0V
Input
Applied voltage ~05 to +55v2
Forced current -6.0 to +6.0mA
Qutput
Applied voltage -05 to +55V2
Forced current -1.0 10 +6.0mA34
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 positive when flowing into the device.
Operating conditions
L ° " ]
Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vee Supply Voltage 415 50 525 45 50 55 v
tow Clock Pulse Width % 30 ns
tg Input Register Setup Time 25 kil ns
ty Input Register Hold Time 0 3 ns
ViL Input Voltage, Logic LOW 0.8 08 v
Viy Input Voltage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 49 40 mA
lon QOutput Current, Logic HIGH -400 ~400 HA
Ta Ambient Temperature, Still Air 0 10 °c
Tc Case Temperature -85 +125 °C

LSI Products Division
G 12 TAW Electronic Components Graup
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Electrical characteristics within specified operating conditions

Temperature Range

7wy

Standard Extended

Parameter Test Conditions Min Max Min Max Units
loc  Supply Current Voo = MAX, Static! 35 450 mA
it Input Current, Logic LOW Voo = MAX, V) - 0.4V

XlN' YlN' RND -04 -04 mA

CLK X, CLK Y, TRIM, TRIL -1.0 -1.0 mA

CK P -20 -20 mA
Iy Input Current, Logic HIGH Voo = MAX, V) = 24V

X YiN. RND 15 100 uh

CLK X, CLK Y, TRIM, TRIL 75 100 uA

CLK P 150 200 uA
h Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 mA
Vor  Output Voltage, Logic LOW Vee = MIN, I = MAX 05 05 v
Vgy  Output Voltage, Logic HIGH Vg = MIN, lgy = MAX 24 24 v
lozL  Hi-Z Output Leakage Current, Output LOW | Vgp = MAX, V| = 04V -40 -40 uA
lozy  Hi~Z Output Leakage Current, Output HIGH | Vg = MAX, Vj = 24V 40 40 uA
los  Short-Circuit Output Current Vg = MAX, one pin to ground, one -50 -50 mA

second duration max, output HIGH

C Input Capacitance Tp = 25°C, F = 1MH: 15 15 pF
Cp  Output Capacitance Tp = 25°C, F = IMHz 15 15 pF

Note:
1. All inputs and outputs LOW.

Switching characteristics within specified operating conditions !

N
Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
typy  Muttiply Time Voo = MIN MPYODBH-1 65 ns
Vg = MIN MPYOOBH 90 15 ns
tp  Output Delay Voo = MIN, Test Load: Vigap = 22V 40 45 ns
tena  Three-State OQutput Enable Delay Voo = MIN, Test Load: Vigap - 18V L] 45 ns
Ipig  Three-State Output Disable Delay VCC = MIN, Test Load: Vigap = 26V 0 45 s
for toisg 0.0V for tms12
Notes:
1. All wransitions are measured at a 1.5V level except for tg)g and tpya, which are shown in figure 7.
2. 131 denotes the transition from logical 1 to three -state.
tpisg denotes the transition from logical 0 to three-state.
LS| Products Division
TRW Electronic Components Group G 13
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
MPY008HJSC ST0-Ty = 0°C to 70°C Commercial 40 Lead DIP 008HJ5C
MPYDOBHJSG STD-Tp = 0°C to 70°C Commercial With Burn~In 40 Lead DIP 008HJ5G
MPYO0BHJSF EXT-Tg = -55°C to 125°C Commercial 40 Lead DIP D0BHJ5F
MPY0OBHJSA EXT-Tp = -65°C to 126°C High Reliability2 40 Lead DIP 008HJ5A
MPY00BHJSC1 STD-Ty = 0°C to 70°C Commercia! 40 Lead OIP 008HJSC1
MPY008HJEG1 STD-Ty = 0°C to 70°C Commercial With Burn~In 40 Lead DIP 008HJ5G1
MPY00BHC2C STD-Ty = 0°C to 70°C Commercial 44 Contact Chip Carrier 00BHC2C
MPY00BHC2G! STD-Tp = 0°C to 70°C Commercial With Burn-In 44 Contact Chip Carrier 008HC26
MPY00BHCZF EXT-Tg = -55°C to 125°C Commercial 44 Contact Chip Carier 00BHC2F
MPY00BHC2A EXT-Tp = -55°C to 125°C High Reliability? 44 Contact Chip Carrier 008HC2A
Notes:

1. Contact factory for availability.
2. Per TRW document 70201757

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

LSI Products Division
G 14 TRW Electronic Components Group
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High—Speed Parallel Multiplier
8 bit, 65ns

The TRW MPY0BHU is a high-speed B-bhit parallel multiplier o B x 8 Bit Parallel Multiplication With 16-Bit Product Output

whiqh operates &t 8 & “a“‘?s‘?mnd cycle time “.EMHZ o |ndependent Most Significant Product and Least Significant
multiplication ratel. The multiplicand and the multiplier are both Product Outputs

unsigned magnitude numbers, yielding a full-precision 16-bit o Three-State Outputs

product.
o Fully TTL Compatible
Individually clocked input and output registers are provided to ® Unsigned Magnitude Multiplication

magimize system't.hroughput apd simplify bus in_terfacing. These o proven High-Reliability Radiation Hard Bipolar Process
registers are positive—edge-triggered D-type flip~flops. o Single +5V P Suol
Three ~state outputs with separate output enable lines for the inge ower oupply
MSP and the LSP are employed. ® Available In 40 Lead DIP

The MPYOBHU is built with TRW's radiation hard 2-micron Applications
process, and is the unsigned magnitude version of the industry o Array Processors

standard MPYOO8H. o Video Processors

Features ® Radar Signal Processors

® FFT Processors

® General Digital Signal Processors

¢ Microcomputer/Minicomputer Accelerators

® f5ns Multiply Time: MPYOBHU-1
® 90ns Multiply Time: MPY0BHU

Functional Block Diagram

XN Rx TRIM
Xy-g) 7w

8 A
CLK X >
7 Ry MSPgyy
i (P15-g!
8 A 8
R
AND >———— 'R >
[yl] X
16
8 R LSPUUT
CLK Y )——————l A 8

s Ry
V- ®

ClK P TRIL
LS| Products Division Phone: (618} 457-1000 ©TRW Inc. 1985
TRW Electronic Components Group Telex: 697-957 40600286 Rev. C-3/85
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

ta Jolla, CA 92038
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Functional Block Diagram

Xy Rx TRIM
Xog >In> ®
AN
N
CLK X > A o
®
s {Py5-g)
\v4 FAN
\ o] BR
D 2 1 ow
;& LsPoyr
CLK Y )———-] v -0
A
\Y
Yin Ry
V-9 8 (@
CLK P TRIL
Pin Assignments
Pig 110 40 Py
Pg 2 3% P2
Pg 3 8 Py3
CLKP 4 37 Py
TRIM 5 3 Pyg (MSB)
TRIL 6 3 Yg (MSB)
P; 7 ¥ ¥g
Pg 8 B Yy
P; 9 32 GND
Py 10 3Ny,
Py 11 0 Ve
Py 12 29 Y,
Py 13 B Y,
(LSB) Py 14 v
(LSB) Xg 15 26 Yp (LSB)
X1 16 25 RND
Xy 17 24 CIKY
X3 18 23 CLK X
X3 19 2 X; (MSB)
Xg 20 21 Xg

40 Lead DIP - J5 Package
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Functional Description

General Information

The MPYO8HU has three functional sections: input registers, an  multiplier array is a network of AND gates and adders,

asynchronous multiplier array, and output registers. The input designed to handle unsigned magnitude numbers. The output
registers store the two 8-bit numbers which are to be registers hold the product as two 8-bit words, the Most
multiplied and the instruction which controls the output Significant Product {MSP} and the Least Significant Product
rounding. This rounding control is used when a single-word (LSPI. Three-state output drivers allow the MPY0BHU to be
output is desired. Each number is stored independently, used on a bus, or allow the outputs to be multiplexed over
simplifying multiplication by a constant. The asynchronous the same 8-bhit output lines.

Power

The MPYOBHU operates from a single +5 Volt supply.

Name Function Value J5 Package
Vee Positive Supply Voltage +5.0V Pin 30
GND Ground ooV Pin 32
Data Inputs
The MPYO8HU has two data 8-bit unsigned magnitude data Bits). The input and output formats for fractional unsigned

inputs, labeled X and Y. The Most Significant Bits IMSBs} are magnitude notation and integer unsigned magnitude notation
denoted X7 and Y7; the remaining bits are denoted X through  are shown in Figures 1 and 2, respectively.
Xg and Yp through Yg (with Xg and Y the Least Significant

Name Function Value J5 Package
X7 X Data MSB L Pin 22

Xg T Pin 21

X5 m Pin 20
%4 m Pin 13
X3 Lt Pin 18
X m Pin 17

X m Pin 16

X X Data LSB TIiL Pin 15 m
Y; Y Data MSB TiL Pin 35

Yg ' ! Pin 34

Y T Pin 33

/1 TIL Pin 31

Yy m Pin 29

Y, m Pin 28

Y m Pin 27

Yo Y Data LSB T Pin 26

LS| Products Division
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Data Qutputs

The MPY0BHU has a 16-bit unsigned magnitude output which
is the product of the two input data values. This output is
divided into two B-bit output words, the Most Significant
Product (MSP} and Least Significant Product (LSP). The Most
Significant Bit IMSB) of the MSP is Product bit P15. Product

bit Py is the Least Significant Bit (LSBI. The input and output
formats for fractional unsigned magnitude notation and integer
unsigned magnitude notation are shown in Figures 1 and 2,
respectively.

Name Function Value J5 Package
Pis Product MSB m Pin 36
Pl m Pin 37
P13 TTL Pin 38
P12 TTL Pin 39
Pn T Pin 40
Pm L Pin 1
Pq ! Pin 2
Pg it Pin 3
Py it Pin 7
Pg T Pin 8
P I Pin 9
Py TTL Pin 10
Py T Pin 11
Py T Pin 12
Py T Pin 13
Py Product LSB TTL Pin 14

Clocks

The MPY08HU has three clack 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 clack.

Name Function Value J5 Package

CLK X Clock Input Data X T Pin 23

ClKY Clock Input Data Y TiL Pin 24

ClK P Clock Praduct Register TiL Pin 4
Controls
The MPY0BHU has three control lines:
TRIM, TRIL  Three-state enable lines for the MSP and the RND The RND input is registered, and clocked in at

LSP. The output driver is in the high-impedance
state when TRIM or TRIL is HIGH, and enabled
when the appropriate contral is LOW.

the rising edge of CLK 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.

Name Function Value J5 Package
RND Round Control Bit T Pin 25
TRIM MSP Three-State Control TIL Pin 5
TRIL LSP Three-State Control TIL Pin 6§

G 18
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