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Challenging the Future

As the world leader of 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. 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.

All of your specific needs can be met
by our superior products. 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, 25MSPS 21
TDC1002 8-Bit, 1.0MSPS 21
1DC1007 8-Bit, 20MSPS 31
TDC1014 6-Bit, 26MSPS . 43
TDC1018 9-Bit, 15MSPS 53
10C1019-1 9-Bit, 18MSPS 53
TDC1021 4-Bit, 25MSPS 65
TDC1025 8-Bit, 50MSPS 75
10C1027 7-Bit, 18MSPS 91
TDC1029 6-Bit, 100MSPS 101
TDC1048 8-Bit, 20MSPS 113
D/A Converters

TDC1016-8 8-Bit, 20MSPS 129
TDC1016-9 9-Bit, 20MSPS 129
TDC1016-10 10-Bit, 20MSPS 129
TDC1018 8-Bit, 125MSPS 141
Multipliers

MPYO008H 8 x 8 Bit, 90ns Cycle Time 159
MPY008H-1 8 x 8 Bit, 65ns Cycle Time 159
MPY0BHU 8 x B Bit, 90ns Cycle Time 169
MPY0O8HU -1 8 x B Bit, 65ns Cycle Time 169
MPY012H 12 x 12 Bit, 115ns Cycle Time 179
MPY112K 12 x 12 Bit, 50ns Cycle Time 193
MPY016H 16 x 16 Bit, 145ns Cycle Time 203
MPY016K 16 x 16 Bit, 45ns Cycle Time 21
MPY016K-1 16 x 16 Bit, 40ns Cycle Time m

Muttiplier— Accumulators

TDC1008 8 x 8 Bit, 100ns Cycle Time, 13-Bit Qutput 235
TDC1009 12 x 12 Bit, 135ns Cycle Time, 27-Bit Output 241
TDC1010 16 x 16 Bit, 165ns Cycle Time, 35-Bit Qutput 259
T0DC1043 16 x 16 Bit, 100ns Cycle Time, 19-Bit Qutput 271
T™MC2010 16 x 16 Bit, 160ns Cycle Time, CMOS 283

Special Functions

TDC1004 64 x 1 Bit, 10MHz, Digital Correlator, Analog Output 293
TDC1022 22-Bit, 10MHz, Floating Point Arithmetic Unit 307
TDC1023 64 x 1 Bit, 15MHz, Digita! Correlator, Digital Output 323
T0C1028 4 x 4 x 8 Bit, 10MHz, Digital Filter (FIRI 337

Storage Products

TDC1005 B4 x 2 Bit, 25MHz, Shift Register 358
TDC1006 256 x 1 Bit, 25MHz, Shift Register 361
TDC1030 64 x 9, 15MHz, First-In First-0ut Memory 367

See pages 11-15 for information on our new products.



Product Index (Numerical)

Numerical Order

Catalog Page Number

MPYD0BH 8 x 8 Bit Multiplier, 30ns Cycle Time 199
MPY008H-1 8 x B Bit Multiplier, 65ns Cycle Time 159
MPY0BHU 8 x 8 Bit Multiplier, 90ns Cycle Time 169
MPYO8HU-1 8 x 8 Bit Multiplier, 65ns Cycle Time 169
MPY012H 12 x 12 Bit Multipkier, 115ns Cycle Time 179
MPYD16H 16 x 16 Bit Multiplier, 145ns Cycle Time 203
MPY016K 16 x 16 Bit Multiplier, 45ns Cycle Time 07
"MPY016K-1 16 x 16 Bit Multiplier, 40ns Cycle Time 17
MPY112K 12 x 12 Bit Multiplier, 50ns Cycle Time 193
TDC1001 8-Bit AID Converter, 2.5MSPS, Successive Approximation 21
T0C1002 8-Bit AID Converter, 1.0MSPS, Successive Approximation 2
T0C1004 64 x 1 Bit Digital Correlator, 10MHz, Analog Output 299
TDC1005 64 x 2 Bit Shift Register, 26MHz 355
TDC1006 256 x 1 Bit Shift Register, 25MHz 361
TDC1007 8-Bit AID Converter, 20MSPS 31
TDC1008 8 x 8 Bit Multiplier-Accumulator, 100ns Cycle Time 235
TOC1009 12 x 12 Bit Multiplier-Accumulator, 135ns Cycle Time 247
T0C1010 16 x 16 Bit Multiplier-Accumulator, 165ns Cycle Time 259
TDC1014 6-Bit AID Converter, 28MSPS 43
TDC1016-8  B-Bit DIA Converter, 20MSPS 129
TDC1016-3  9-Bit D/A Converter, 20MSPS 129
TDC1016-10  10-Bit DIA Converter, 20MSPS 128
T0C1018 8-Bit D/A Converter, 125MSPS 141
TDC1019 9-Bit AID Converter, 15MSPS 53
TDC1018-1  9-Bit A/D Converter, 18MSPS 53
TDC1021 4-Bit, AID Converter, 25MSPS 65
T0C1022 22-Bit Floating Point Arithmetic Unit, 10MHz 307
T0C1023 64 x 1 Bit Digital Correlator, 15MHz, Digital Output 323
TDC1025 8-Bit AID Converter, 50MSPS 75
T0C1027 7-Bit AID Converter, 18MSPS 9
TDC1028 4 x 4 x B Bit Digital Filter {FIR), 10MHz 337
TDC1029 6-Bit AID Converter, 100MSPS 101
TDC1030 64 x 9 Bit First-In First-0ut Memory, 15MHz 367
TDC1043 16 x 16 Bit Multiplier-Accumulator, 100ns Cycle Time 27
TDC1048 8-Bit AID Converter, 20MSPS, Low Power 13
TMC2010 16 x 16 Bit CMOS Muttiplier—Accumulater, 160ns Cycle Time 283

See pages 11~15 for information on our new products.
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TDG1011 | pR————

Advance Information

Variable—Length Shift Register

8-bit, 20MHz
The TRW TDC1011 is a high-speed, TTL Compatible, Length Programming
byte-wide shift register which can be programmed to any
length between 3 and 18 stages. It operates at a 50 MODE=0 MODE=1
nanosecond cycle time [20MHz shift ratel. A special split-word ~ Input Codo D3_p D7-4 D7-4
mode is provided for use with the TRW TDC10Z8. 3 L L4 L Length Length Length
00 0 0 3 3 18
The TDC1011 is fully synchronous, with all operations I 0 1 4 4 18
controlled by a single master clock. Input and output registers , ”g‘w\g 10 5 5 18
f ”» i
are positive—edge-triggered D-type flip-flops. Tha Aangther s Na NG 1 6 6 18
control inputs are also registered. ¢ ™ }«\% {:,a%’ N 1 0 0 1 1 18
\"\. AN i’;) 01 0 1 8 8 18
Built with TRW's state-of-the~art, Omicron-B Q@mn 01 1 0 9 9 18
bipolar process, the TDC1011 provides the system“demgner 001 11 10 10 18
with a unique variable—delay capability at video speeds. 1 0 0 0 1 n 18
10 0 1 12 12 18
Features 1 0 1 0 13 13 18
o 50ns Cycle Time (Worst Casel Poor " " 18
. 11 0 0 15 15 18
o Single +5V Power Supply 11 0 1 1 6 18
o TTL Compatible 1T 1 10 17 17 18
o Selectable Length From 3 to 18 Stages T 1 11 18 18 18

o Special 4-Bit Wide Mixed-Delay Mode

o Available in 24 Lead DIP, 28 Contact Chip Carrier or 28
Leaded Chip Carrier

]

1 | & 4-BIT WIDE
-3 L 1 OF 16 SELECTOR
0 1
Ry £ 4-BIT WIDE

1 OF 16 SELECTOR
MODEY>——>| A >

Oy ¢ Ry Ry Ry
T P

C1K )—— >——> T0 ALL STAGES

LS| Products Division Phone: (619) 457 1000 ©TRW Inc. 1983
TRW Electronic Companents Group Telex: 697-957 40G01136 Rev. A-11/83
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 82038



TDC1047 Ll ¥V V4
Advance Information ' N A 4/

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

The TRW TDC1047 is a 20 MegaSample Per Second (MSPS) ® 1/2 LSB Linearity
full-parallel {flash} analog—to-digital converter, capable of ® Low Power Consumption, 850mW

converting an analog signal with full-power frequency A - .
components up to SMHz into 7-bit digital words. A : Sample A”q Holg Circuit Not Required
sample-and-hald circuit is not necessary. Al digital inputs and ® TT- Compatible _
outputs are TTL compatible. ‘ 1&' OMSPS Conversion Rate

"Selectable Output Format

The TDC1047 consists of 127 clocked latching camparatars;
combining logic, and an output buffer reg|s;&zﬁ”“*f?:"sﬁig?x

signal controls the conversion operation. The'unit ban b, -2
connected to give either true or inverted OUI&:}Q-;JI }hﬁ}sry or
offset two's complement coding. h‘&’* ’

Applications

® Low- Cost Video Digitizing
® Medical Imaging
® Data Acquisition

The TDC1047 is pin and function compatible with TRW's
TBC1027, and offers increased performance with lower power

dissipation. :
e TV Special Effects

Features e Video Simulators

® 7-Bit Resolution ® Radar Data Conversion

Functional Block Diagram

5 | j

.

L]

L ]

EhcoDen e
1
R I waste

L]

.

L]

Ry ) COMPARATORS
(7))

LS Products Division Phane: (619) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 637-957 40G01393 Rev. A-2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.SA.

La Jolla, CA 82038



TMC2008

Advance Information

CMOS VLSI Multlpller Accumulator - Features
8 X 8 bit, 100ns ° 100ns Multiply-Accumulate Time {Warst Casel
¢ [ow Power CMOS Process Technology (150mW Typical)

o Single +bV Power Supply

The TRW TMC2008 is a high-speed § X B hit paralle * 8 X 8 Bit Parallel Multiplication With Accumulation To
multiplier —accumulator which operates at a 100 nanosecond 19-Bit Result

cycle time {10MHz multiply-accumulate ratel. The
multiplicand and the multiplier may be specified together as Preloai
two's complement or unsigned magnitude, yielding a reloading
full - precusmn 16-bit product. Products may be accumulated to %Pm Compatible With TRW TDC1008
i, AH Inputs And Outputs Are Registered TTL Compatible
< Jwo's Complement Or Unsigned Magnitude Operation
® Three-State TTL Compatible Output
Individually clocked input and output reglster&a ® Available In 48 Lead Ceramic DIP, 68 Contact Chip Carrier Or
maximize system throughput and simplify bus mﬁrfacmg These 68 Leaded Chip Carrier
registers are positive-edge-triggered D-type flip-flops. The o
result is divided into a 3-bit eXTended Product (XTP), an Applications
8-hit Most Significant Product (MSP), and an 8-hit Least o Array Processors
Significant Product (LSP). Individual thres-state output poris v.r[; i - i
are provided for the XTP, the MSP, and the LSP. The output Ideo rocessors
register can be preloaded directly via the output ports. ® Radar Signal Processors
® FFT Processors
Built with TRW's state-of -the-art 2-micron CMOS process, e General Purpose Digital Signal Processors
the TMC2008 is pin and function compatible with the industry
standard TDC1008; it operates with the same speed, and at
less than one-fifth the power dissipation at full speed.

o Selectable Accumulation, Subtraction, Rounding, And

*”iﬂ

o Microcomputer/Minicomputer Accelerators

Functional Block Diagram

PREL TSX
Xin ) N Rx 2 I
Myxg el )| ® - XTPgyr
8 N 7 ’ {Pyg-P1g)
19 18-P1
CLK X r———I
: R MSP
ACC, SUB, C ouT
AN, T 2 l;{ Fa - {Py5-Py)
16 19 A
TSM
Yin z——ﬂ Y ——
¥3-Yp % @ <5 LSPguT
7N B PPy
CIK Y )—L—, CLK P TsL
LSI Products Division Phone: (619) 457-1000 ©TRW Inc. 1983
TRW Electronic Components Group Telex: 897-957 40601276 Rev. A-8/83
P.0. Box 2472 TWX: §10-335-1571 Printed in the U.S.A.

La Jolla, CA 92038



TMC2009

Advance Information

as

CMOS VLSI Multiplier—Accumulator
12 X 12 bit, 13bns

The TRW TMC2009 is a high-speed 12 X 12 bit parallel
multiplier —-accumulator which operates at a 135 nanosecond
cycle time (7.4MHz multiply-accumulate rate). The multiplicand
and the multiplier may be specified together as two's
comp!emem or unsigned magnitude, yielding a

full—precision 24-bit product. Products may be accumulated to
a 27-bit result. The TMC2009 can also perform su

which case the outputs are always two's conge K
numbers, regardless of the input format. ,.;:\
Indnvudually clocked input and output registers ar‘e\?\gwded to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge -triggered D-type flip-flops. The
result is divided into a 3-bit eXTended Product IXTP), a
12-bit Most Significant Product {MSP), and a 12-bit Least
Significant Product (LSP). Individual three-state output ports

are provided for the XTP, the MSP, and the LSP. The output
register can be preloaded directly via the output ports.

Built with TRW's state-of-the-art 2-micron CMOS process,
the TMC2009 is pin and function compatible with the industry
standard TDC1009; it operates with the same speed, and at
less than one-fifth the power dissipation at full speed.

BCIIOH,..J
B

Features

® 135ns Multiply-Accumulate Time (Worst Casel
® Low Power CMOS Process Technology (200mW Typical)
e Single +5V Power Supply

® 12 X 12 Bit Parallel Multiplication With Accumulation To
27-Bit Result

® Selectable Accumulation, Subtraction, Rounding, And
Smloading

m\hmpanble With TRW TDC1009

ﬁw&m Iputs And Outputs Are Registered TTL Compatible
wus Complement Or Unsigned Magnitude Operation

® Three-State TTL Compatible Output

® Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or
68 Leaded Chip Carrier

Applications

® Array Processors

® Video Processors

® Radar Signal Processors

® FFT Processors

* General Purpose Digital Signal Processors
® Microcomputer/Minicomputer Accelerators

Functional Block Diagram

XiN 2 Rx
Xyy-Xg 22—~ )

7 Vv

12
A\
CIK X N
ACC, SUB, : Rg
AND, TC ®

XTPoyt
3 {Pag—Pag)

MSPoyt
(P23-Py9)

LSPour
12 1Pyy-Pp

CIK P TSL

LSI Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

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

@TRW Inc. 1983
40G01277 Rev. A-8/83
Printed in the U.S.A.



TMC2039

Advance Information

CMOS Video Shift Register
384 words x 9 bits, 21MHz

The TRW TMC2039 is a 384-word by 9-bit shift register with ~ © Low Power CMOS Technology
a shift rate of 21MHz. The device is fabricated using TRW's ® Easily Cascadable

2-micron CMOS technolagy. * Edge-Triggered Synchronous Operation

Shifting of data occurs on the rising edge of a TTL compatible  ® Fully TTL Compatible Inputs And Qutputs
shift command (SH). Active~low shift enable (SHEN) and . Three State Outputs

output enable (DE) controls are provided for increased design R:. Stngle +5V Power Supply

flexibility. The shift register is fully static and outputs dat W

a time Yatency of 384gshlﬁ cyclesy Devices canmbg'« (asw{a ("_'5}““& @Iable in 24 Lead DIP

cascaded to lengthen the storage capacity, ur opel r

parallel for worgs wider than rﬂne bf]ts 1Yhe db @ 9 Applications

three-state drivers for interfacing to high-spee kﬂléw sses.  ® Video Scramblers And Descramblers
o General Purpose Data Delay

o AID Converter Qutput Data Buffer
° High-Speed (21MHz) Data Shift Capability o Digital Video Systems

o 384-Word By 9-Bit Static Register Architecture

Features

Functional Block Diagram

LS| Products Division Phone: (613 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group ' Telex: 697-957 40G01401 Rev. A-2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.
La Jolla, CA 92038 .
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A/D Converters

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.

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 90— TD1019-1
TDC1002 TDC1001 T0C1007 TDC1025
i+—o—0
. TOC1048
7 TDC1027
RESOLUTION Tocioi4 TDC1029
(BITS) y
5 -
TDC1021
4
J) J)
] A%y ASS

1
3 15 20 25 30 50 75 100
CONVERSION RATE (MSPS)

Figure 1. Resolution vs. Conversion Rate For TRW-LSI A/ID Converters.

“Flash” A/D 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)-l
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
driven by an external reference voltage
source.

The outputs from the @MN)-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.

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 0.6 JB8 Successive approximation
TDC1002 8 1.0 06 J8 Successive approximation
TDC1007 8 20 26 Ji, C1, 1

E1, P1 Evaluation boards
TDC1014 [ 25 1.0 J1, C3, B7

E1, P1 Evaluation boards
TDC1019 9 15 39 J1, €1, L1 ECL compatible

E1 Evaluation board
TDC10191 9 18 39 J1, C1, LT Speed selected versian
TDC1021 4 25 03 J9
TDC1025 8 50 45 c, 0 ECL compatible

El Evaluation board
TDC1027 7 18 18 Ji, B7

E1 Evaluation board
TDC1029 ] 100 16 J7 ECL compatible

E1 Evaluation board
TDC1048 8 20 14 J6, C3, BE

E1 Evaluation board

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



TDC1001 (400ns)
TDC1002 (114sec)

Successive Approximation
A/D Converters
8-hit, 26MSPS, TMSPS

The TRW TOC1001 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. o 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 Qutput H?g|-ster'

required by the analog portion of the device. The analog and * 600mW Power Dissipation
digital ground planes are internally isolated. ® Available In 18 Lead DIP

The TDC1001 and TOC1002 consist of a comparator, reference  Applications
buffer, 8-bit D/A converter, successive approximation register,

. o ° Micro r
output register, and control circuitry. Microprocessor Systems

® Numerical Contral Interface
® Data Acquisition Systems

Functional Block Diagram

coMP Ve Ve Agwp  Danp
VRer > BUFFER
8 8 8
DAC |«<t+—#/—] SAR |—/—> REGISTER A Dy_7
J ? [——4> BUSY
v > < START CONVERT
W COMPARATOR CONTROL
< CLOCK
I o

LS! Products Division Phone: (619) 457-1000 ©TRW Inc. 1983
TRW Electronic Components Group Telex: 697~957 40G00272 Rev. E-11183
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.SA.

La Jolla, CA 92038



TDC1001/1002 - 760y

Functional Block Diagram

comp Vee  Vec  Agnp  Dgwp
Ve —— BUFFER
8 8 8
DAC }«t—/—| SAR |——~—>| REGISTER ——b Dy_;
- ? ? > BUSY
v » | > < START CONVERT
W CONTROL
COMPARATOR - CLOCK

Pin Assignments

Vee 1 18 CLK
SC 2 17 Vg
(MSB)D; 3 16 Viy
Dg 4 15 AgnD
D 5 14 COMP
Dy 6 13 REF
Dy 7 12 BUSY
D; 8 11 Dp (LSB)
Dy 9 10 Dgnp

18 Lead DIP - J8 Package

L
Functional Description

General Information

The TDC1001 and TDC1002 consist of six functional sections: register, and control circuitry. The SAR and comparator will
comparator for the analog input, reference buffer, 8-bit D/A sequentially compare the analog input to the DAC output. The
converter (DAC), successive approximation register (SAR), output  conversion process requires nine clock cycles.

LSI Products Division
2 TRW Electronic Components Group



TDC1001/1002 7 0%aw

Power
The TDC1001 and TDC1002 operate from separate analog and Separate decoupling for each supply is recommended. The
digital power supplies. Analog power (VEg) is -5.0VDC and return for Igg, the current drawn from the VEg supply, is
digital power Vgl is +5.0VDC. All power and ground pins AgNp. The return for Igg, the current drawn from the Vg
must be connected. supply, is DgnD-

Name : Function Value J8 Package

Vee Analog Supply Voltage -5.0vDC Pin 17

Vee Digital Supply Voltage +5.0VDC Pin 1

AgnD Analog Ground 0.0voC Pin 15

DgnD Digital Ground 0.0vDC Pin 10
Reference
The TDC1001 and 1002 accept a nominal input reference have a significant effect on the overall accuracy of the system.
voltage of ~0.5VDC. The voltage should be supplied by a The reference voltage input pin should be bypassed to AgND
precision voltage reference, as the accuracy of this voltage will  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 type AID converter, a sample-and-hold circuit may be

voltage. This is nominally -0.5VDC with an absolute tolerance required in some applications.
of +0.1VDC. Since the device is a successive approximation

Name Function Value J8 Package
Vin Analog Input D to -05V Pin 16

Conversion Timing Description
The timing sequence of the TOC1001 and 1002 is typical of This first cycle clears the BUSY flag and prepares the device

successive approximation converters. Nine clock cycles are for a new conversion. The following 8 clock cycles convert
required for each conversion. Start Convert must transition each data bit (MSB first, LSB last). During these 8 clock
from LOW to HIGH a minimum of tg prior to the leading edge  cycles, the analog input must be held stable {to within 1/2
of the first convert pulse, and must remain HIGH a minimum LSB). At tp nanosecands after the rising edge of the eighth
of 1y after the edge. clock pulse, the seven most significant bits are valid {and the

BUSY signal goes LOW). At tg 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 TIL Pin 12
CLocK Convert Clock Input L Pin 18

LSI Products Division
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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
0y MSB Output L Pin 3
0 T Pin 4
D it Pin 5
0y m Pin 6
Dg m Pin 7
Dy T Pin 8
0 T Pin 8
Dy LSB Output T 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

>10pF Pin 14

Output Coding

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

produce a digital output code of all ones.

1)

LSI Products Division
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged)’
Supply Voltage
Ve (measured to Dgyp) 0to +6.0V
Vgg (measured to Agnp) 0to ~6.0V
AgNp (measured to Dgpp). -05to + 05V
Input Voltages
CLK, SC { d to DGND} -05 to +5.5V

Vi VRer (measured to Agnp!

+0.5V to VgV

Output
Applied voltage | i to Dgyp) -05 to +55v?
Applied current, externally forced. -10 to +60ma34
Shart circuit duration (single output in high state to Dgnp! 1 sec
Temperature
Operating, case. -60 to +140°C
§|mrﬁnn +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.

Functiona! 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
Vge  Positive Supply Voltage 45 50 55 45 50 55 v
Veg  Negative Supply Voltage -475 -50 -525 -475 -50 -5.25 v
Agnp  Analog Ground Voltage (Measured to Dgyp) -01 00 +01 -01 0.0 +0.1 v
tpwy  Clock Pulse Width, Low 2 2 ns
tpwy Clock Pulse Width, High 2 2 ns
tg  Start Convert, Set-Up Time 7 7 ns
ty  Start Convert, Hold Time 16 16 ns
Vi Input Voltage, Logic Low 08 08 v
Viy  Input Voltage, Logic High 20 20 v
lot  Output Current, Logic Low 40 40 mA
loy  Output Current, Logic High -400 -400 UA
Vpes  Reference Voltage -04 -08 -06 -04 -05 -06 v
Vi Analog Input Voltage 00 -08 9.0 -08 v
Ta  Ambient Temperature, Still Air 0 +70 °C
Tc Case Temperature -20 +85 °C

26
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Electrical characteristics within specified operating conditions

= — = _— ]
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
log  Positive Supply Current Vg = MAX, Static! L] L) mA
g Negative Supply Current Vep = MAX, Tp = -20°C to +85°C -80 -80 mA
lgias  Analog Input Bias Current 10 10 KA
Iper  Reference Current Vger = NOM 25 25 A
Rper  Total Reference Resistance 200 200 kOhms
Ry Analog Input Equivalent Resistance VRee = NOM 50 50 kOhms
Cpy  Analog Input Capacitance 10 10 pF

L Input Current, Logic Low Voo = MAX, V) = 0.5V -10 -10 mA
Iy Input Current, Logic High ) Vpg = MAX, V) - 24V 7B 5 LA
VgL  Output Voltage, Logic Low Vg = MIN, Igp = MAX 05 05 v
Voy  Output Voltage, Logic High Vg = MIN, tgy = MAX 24 24 v

lps  Output Short Circuit Current -25 -5 mA

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

Switching characteristics within specified operating conditions
= e ——————— ]

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
Fg Maximum Clock Rate Vee Ve = MIN TDC1001 25 225 MH:z

TDC1002 90 90 MHz
tc Conversion Time Vee, Vee = MIN TDC1001 400 400 ns

TDC1002 1000 1000 ns
1} 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 Vee. Vee = NOM 02 02 %
Ep  Linearity Error Differential 02 02 %
Teg  Gain Temperature Coefficient Ve Ve = NOM +10 +10 ppm/°C
g Offset Voltage +7 +7 mV
Tgg  Offset Temperature Coefficient Vee Vee = NOM -10 -10 pviec
Eg  Gain Emor 15 20 %
Teg  Igias Temperature Coefficient Ve Vee - NOM -10 -10 %i°C

LSI Products Division
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Application

The TBC1001 and TDC1002 are high-speed, TTL compatible,
SAR type A/D converters. The combination of very small analog
signals and high-speed digital circuitry requires careful design
of supporting analog/digital circuitry. Proper physical component
layout, trace routing, and provision for sizeable analog and
digital grounds are as important as the electrical design.

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

Praper Design Practices Include:

e 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).

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

Reference voltage should be stable and free of noise.
Accuracy of the conversion is highly dependent on the
integrity of this signal.

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

Ceramic high frequency bypass capacitors 0.007 to 0.01uF}
should be used at the input pins of V¢g, 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 VEE.

LSI Products Division
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Figure 5. Typical Interface Circuit
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Parts List
Resistors
R1 909 Chms 1% 18W
R2 100 Ohms Multi-Turn Cermet Pot
R3 1.33 kOhms 1% 18W
R4 249 kOhms 1% 18w
Capacitors
C1,C3,C5 100 pF 2%V
C2, C4 0.001 piF 50V
c6 0005 jiF 5OV
Integrated Circuits
n TDC1001J8 TRW B~bit A'D Converter
u2 1418161 TTL 4-bit Counter
U3 T4LS04 TTL Hex Inverter
]} LM113-1.22 1.22V Bandgap Voltage Reference
LSI Products Division
29
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1001J8C STD-Tp = 0°C to 70°C Commercial 18 Lead DIP 1001J8C
TDC1001J8G STD-Tp = 0°C to 70°C Commercial With Burn-In 18 Lead DIP 1001J86
TOC1001J8R EXT-Tg = -20°C to 85°C Commercial 18 Lead DIP 1001J8R
TOC1001J8T EXT-Tg = -20°C to 85°C MIL-STD-883 18 Lead DIP 1001987
TOC1001J8H EXT-Tp = -20°C 1o 85°C Commercial With Burn-in 18 Lead DIP 1001J8H
TDC1002J8C STD-Ty = 0°C to 70°C Commercial 18 Lead DIP 1002J8C
T0C1002J8G STD-Tp = 0°C to 70°C " Commercial With Bum-1n 18 Lead DIP 1002J8G
TOC1002.8R EXT—TC = -20°C to 85°C Commercial 18 Lead DIP 1002J8R
TOC1002.87 EXT-Tp = -20°C to 85°C MIL-STD-883 19 Lead DIP 1002587
TDC1002J8H EXT-Tg = -20°C to B5°C Commercial With Burn-In 18 Lead DIP 1002J8H

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

LS! Products Division
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Monolithic Video A/D Converter Features

8-bit, 20MSPS * B-Bit Resolution
e Conversion Rates Up to 20MSPS
The TDC1007 is an B-bit fully parallel (flash analog-to-digital e Sample-And—Hald Amplifier Not Required
converter, capable of digitizing an input signal at rates up to « Bipolar Monalithic Construction
20MSPS {megasamples per second). It will operate accurately .
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 Two's Complement Mode
TMHz. o Differential Phase = 1.0 Degrees
e Differential Gain = 1.7% .
® Evaluation Boards Available: TDC1007E1C or TDC1007P1C

A single CONVert (CONV] signal controls the conversion
operation of the device which consists of 255 sampling
comparators, encoding logic, and a latched output buffer

register. The device will recover from a full-scale input step in - Applications
20ns. Contral inputs are provided to format the output in e \iideo Systems 3x or 4x Subcarrier, NTSC or PAL
binary, twa’s complement, or inverse data coding formats. * Radar Systems

The TOC1007 s patented under US. Patent No. 3283170 with  © "an~Speed Muliplexed Data Acquisition
other patents pending. ® Digital Signal Processing

Functional Block Diagram
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Functional Block Diagram
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Pin Assignments

NC 64 NC N 1 [164 NC
NC 63 NC NC 219 163 NC
NC 62 NC NC 39 162 NC
NC &1 NC NC 41 [161 NC
NC 60 NC NC 51 [160 NC
NC 59 NC NC 6C [159 NC
NC 58 NC NC 7 158 NC
NC 67 NC NC 8K t157 NC
NC 5 NC NC 9K [15 NC
NC 55 NC NC 10 [155 NC
NC 5 Ry By M bist NC
NC 53 NC NC 12 [153 NC
NC 52 Viy iy 1K 152 NC
Xe 51 Agnp Agyp 15 51 Ne
Vee 2 vy Vg 155 L1500 vee
VEe 9 vy Viy 155 Fa9 Ve
Vee 48 Ry Ry 7TH 48 Ve
Vee a7 Viy iy B85 a7 Vg
NC 4% Agnp Agnp 19K [H46 NC
NC 5 vy Vi 25 b1a5 KC
NC 4 NC N 4 NC
vee 4 Rg Rg 2K 4 vee
Dgnp 2 NC NC 23 [3 42 Dgnp
NMINV 41 NC NC 2 H F 41 NMINV
{MSB) D 0 N Ne 25K [140 Dy (MSB)
Dy 33 NC NC 265 (43 Dy
D3 38 NC NC 2715 (138 Dy
0 7 Veg Ve 285 cE N
NLINV 36 Dgap Dgyp 235 [136 LNV
Dg 35 CONV CONV 30 ] (35 Dy
Dg U Ne Ne 31t [134 pg
o = SE

Dg (LSE) {sBDg 32 &

64 Lead DIP - JO0 Package 64 Lead DIP - J1 Package
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Pin Assignments

60 Ry
59 NC
8 iy
57 NC
56 NC
55 Agnp
5 Viy
8 NC
52 vy
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50 Viy
4 NC

NC 61
NC 82

8 Acnp
47 NC
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45 NC
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NC
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NC
NC
NC
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NC
NC
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68 Contact Or Leaded Chip Carrier ~ C1, L1 Package

Functional Description

General Information

The TDC1007 has three major functional sections: a comparator
array, encoding logic, and output data latches. The input
voltage is compared with 255 separate reference voltage points
tapped from the reference resistor chain. The 255 comparator
outputs form a code (sometimes referred to as a
“thermometer” cade, 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 onl. The “thermometer” code from the comparator
array is encaded 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 Igc, the current drawn fram the +5.0V
supply, is Dgnp. The return path for Igg, the current drawn

from the -6.0V supply, is Agnp. All power and ground pins

must be connected.

Name Function Value C1, L1 Package J1 Package J0 Package
Vee Positive Supply Voltage +5.0V Pins 23, 41 Pins 28, 43 Pins 22, 37

Vee Negative Supply Voltage -6.0V Pins 14, 18, 13, 21 Pins 47, 48, 49, 50 Pins 15, 16, 17, 18
Denp Digita! Ground 0.0v Pins 25, 40 Pins 29, 42 Pins 23, 36

Agnp Analog Ground 0.0v Pins 48, 85 Pins 14, 18 Pins 48, 51

LS| Products Division
TRW Electronic Components Group
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Reference

The TDC1007 converts analog signals in the range

VRB < VIN << Vg into digital form. VRT {the voltage applied
to the pin at the top of the reference resistor chain), and Vgg
(the vaoltage 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 VRg 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 Ry
and Rg may be varied dynamically up to 7MHz. Due to
varigtions in reference current 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 varied dynamically (as in an AGC application) a
low—-impedance reference source is required.

Name Function Value C1, L1 Package J1 Package J0 Package
Ry Reference Resistor {Top) 0.0v Pin 60 Pin 11 Pin 54
Rm Reference Resistor (Middle} -1V Pin 51 Pin 17 Pin 48
Rg Reference Resistor (Bottom) -2V Pin 44 Pin 22 Pin 43

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. Output data versus
input voltage and control input state is illustrated in the Output
Coding table on page 40.

Name Function Value C1, L1 Package J1 Package J0 Package
NMINV Not Most Significant Bit INVert T Pin 29 Pin 41 Pin 24
NLINV Not Least Significant Bit INVert TiL Pin 34 Pin 36 Pin 29

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 tgTq) and
varies only by a few naneseconds from device to device and
as a funciion of temperature. The short-term uncertainty
(jitter) in sampling time offset is approximately 30 picoseconds.

The output data is encoded from the 255 comparatars 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 {tpyH, tPwL)
requirements on the waveshape of the CONV signal.

Name Function Value

C1, L1 Package J1 Package J0 Package

CONV Convert TiL

Pin 39 Pin 30 Pin 35

LSI Products Division
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Analog Input

The input impedance of the TDC1007 varies with input signal
level. As the signal varies, the comparator input transistors
change from active to cut-off, causing the net input resistance
and capacitance to change. To prevent this action from
degrading the integrity or accuracy of the output data, it is
desirable to drive the TDC1007 inputs from a low-impedance
source {less than 25 Chms!. The input signal level should
remain within the range of Vgg to +0.5Y in order to prevent
damage to the device. When the input is at a level between
VRT and VRp reference voltages, the output data value will be
directly propartional to the amplitude of the analog input

signal. When the analog input is beyond the range of the
reference voltage, the output data will be the appropriate
full-scale value. Note that there are two companents to the
input bias current flowing into the Vjy pins. One component is
constant for constant input voltage and is the sum of the bias
currents of the subset of comparators that are active (Igg).
The other component is related to the action of the CONV
signal on the comparator chain (Igg). All analog input pins of
the TDC1007 must be used in order to insure operation over
the full input range.

Name Function Value

C1, L1 Package J1 Package J0 Package

Vin Analog Input Signal oto -2V

Pins 46, 50, 52, 54, 58 Pins 13, 15, 16, 18, 20 Pins 45, 47, 49, 50, 52

Qutputs

The outputs of the TOC1007 are TTL compatible and capable
of driving four low-power Schottky unit loads (54/74 LS). The
outputs hold the previous data a minimum time (tyg) after the

rising edge of the CONV signal, and the new data becomes
valid after a maximum time of tp.

Name Function Value C1, L1 Package J1 Package J0 Package
D, MSB Output TIL Pin 30 Pin 40 Pin 25
0, TiL Pin 31 Pin 33 Pin 26
D3 ! Pin 32 Pin 38 Pin 27
Dy i Pin 33 Pin 37 Pin 28
D5 m Pin 35 Pin 35 Pin 30
Dg T Pin 36 Pin 34 Pin 31
)t L Pin 37 Pin 33 Pin 32
Dg LSB Output ut Pin 38 Pin 32 Pin 33
No Connects
There are several pins labeled No Connect INC), which have no
connections to the chip. These pins may be left open.
Name Function Value C1, L1 Package J1 Package J0 Package
NC No Connect Cpen Pins. 1-13, 15-17, 20, 22, 24, Pins 1-10, 12, 4-27, Pins 1-14, 19-21, 34,
26-28, 42, 43, 45, 41, 49, 53, 31, 44-46, 51-64 38-41, 53, 55-64
56, 57, 59, 61, 62-68

LS! Products Division
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged)

Supply Voitages

VCC ‘ d to DGNU’ -05 to +7.0V

Vgg (measured to Agyp! +0.5 to -7.0V

Agnp | 1 to Dgnp! ~10 1o +10V
Input Voltages

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

Yin: VAT Vag ! d to Agyp) +05 to VgV

VRT ( d to VRB) +22 to -2V
Qutput

Applied voltage {measured to Dgyp) . ~05 to +5.5v2

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 ds) +300°C

Storage -85 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

[ ——— o —
Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max | Units
Ve Positive Supply Voltage (Measured to Dggyp) 475 50 525 45 5.0 55 v
Vee Negative Supply Voltage (Measured to Agnp! -575 -60 -6.25 -575 -60 -625 |V
VagnD  Analog Ground Voltage (Measured to Dgyp) -01 00 0.1 -0.1 00 0.1 v
towL CONV Pulse Width, Low 25 25 ns
tPWH CONV Pulse Width, High 15 15 i ns
iL Input Voltage, Logic Low 08 08 v
Viy Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 40 mA
loy Output Current, Logic High -400 -400 HA
VRt Most Positive Reference Input! -1.1 0.0 0.1 -11 00 0.1 v
VR Most Negative Reference Input! -09 -20 -21 -09 -20 -21 v
VRr-VRg Voltage Reference Differential 1.0 20 22 1.0 20 22 v
Vin Input Voltage Var Veg VRt VR v
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature -55 125 °C

Note:
1. VT must be more positive than Vpg, and voltage reference differential must be within specified range.

LSI Products Division
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Electrical characteristics within specified operating conditions
Temperature Range
Standard Extended

Parameter Test Conditions Min Max { Min Max | Units
loc  Positive Supply Current Vg = MAX, Static! ] B | mA
lee  Negative Supply Current Vg = MAX, Static!

Ty = 0°C to 70°C -400 mA

Tp - 0°C -350 mA

Tp = -55°C to 125°C -410 mA

Tg - 15°C =30 mA
Ier  Reference Current VaT: Vg = NOM 35 40 mA
Rer  Total Reference Resistance 51 50 Chms
Rpy  Input Equivalent Resistance VAT Ve = NOM, Viy - Vgp 5 5 kOhms
Cpy  Input Capacitance 250 250 pF
Icg  Input Constant Bias Current Vgg = MAX 400 500 LA
Isg  Input Clock Synchronous Bias 200 200 HA
it Input Current, Logic Low Veg = MAX, V) = 05V -20 -20 | mA
Iy Input Current, Logic High Voo = MAX, V) - 24V 15 75 HA
| Input Current, Max Input Voltage Voo = MAX, Vp = 55V 10 10 | mA
Vgu  Output Voltage, Logic Low Voo = MIN, IgL = MAX 05 05 | v
Voy  Output Voltage, Logic High 24 24 v
lgs  Short Circuit Qutput 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
Fs  Maximum Conversion Rate Voo = MIN, Vgg = MIN 20 20 MSPS
tgrg  Sampling Time Offset Voo = MIN, Vgg = MIN 0 10 0 10 ns
tp  Output Delay Time Voo = MIN, Vgg = MIN, Load 1 15 40 15 5 |ns
tyo  Output Hold Time Voo = MAX, Vgg = MAX, Load 1 10 10 ns

LSI Products Division
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System performance characteristics within specified operating conditions

Temperature Range

Standard Extended

Paramster Test Conditions Min Max Min Max Units
Ey  Linearity Error Integral, Independent VRt VRg = NOM 103 +0.3 %
Ejp  Linearity Error Differential VRT. Vi 03 03 %
a Code Size VRT. VRg - NOM 15 165 15 185 % Nominal
Egr  Offset Emor  Top Vin = VRt 35 45 mV
EUB Offset Error Bottom VIN - VRB -2 -4 my
Tep  Offset Enor  Temperature Coefficient +50 +50 LVi°C
BW  Bandwidth, Full Power Input 7 5 MH:z
trg  Transient Response, Full Scale 2 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 4 dB
RMS Signal/RMS Noise 1.248MHz Input 4 43 dB

2.438MHz Input )| 40 dB
NPR  Noise Power Ratio DC to BMHz White Noise Bandwidth 365 %5 dB

4 Sigma Loading

1.248MHz Slot

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

LS! Products Division

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

I NAY L

_

Binary Offset Two's Complement
Input Voltage True Inverted True Inverted
(-7.84 mVStep) NMINV ~ 1 0 0 1
NLINV = 1 0 1 0

0.000 00000000 i 10000000 o

. . L] L] L]

L] L] L] L] .
-0.0078 00000001 1111110 10000001 0111110
L ] L] L] L] .

L] L] . . L]

L ] L] L] * L]

L] L] . L] L]
-0.3960 o 10000000 i 00000000
-1.0033 10000000 o 00000000 nmnm
L ] . . . L]

L] L] L) L] .

L] L] L] L] L]

L) L] L] L] .
-18921 11111110 00000001 01111110 10000001
L] . L) L] L]

. L] . L] L[]
-2.000 1nmmm 00000000 [RNARNY] 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 Rq 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 Ry 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 more negative than the desired
reference level of —-2.0V. The actual operating range of the
AD converter will be:

VagND - lIRer x R1) to (VRg + (IREF x R2L.

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 A/ID will be:

{VRT~{IRgr x R1 to VRg + fIrgr x R2I.

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

The TDC1007 provides access to the mid-point of the
reference resistor chain, Ryy. 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 Praducts Division
TRW Electronic Components Group
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Typical Application

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

The input amplifier is a bipolar wideband operational amplifier
followed by an NPN transistor buffer. The transistor drives the
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 Vj\ points are connected together and the
buffer amplifier feedback loop is closed at that point. The
buffer amplifier has a gain of two, raising the 1V p-p video
input signal to 2V p~p at the input to the AID converter. The
AID converter operates with a 2V full-scale.

Figure 5. Typical Interface Circuit

AGND 35

" 05 f——— D5
nz AcND
19 3
Agnp Dg f—————» D
2] aon
-6V -6V 30 ol —y
CLOCK > CONVERT
2
NMINV LLI Dg ————- Dy LSB
]

NLINV

Vee VEr Vee ViE
=] CACRCRED

-6V

Figure 6. Method For Driving Mid—Point Of Resistor Chain

1"
&1 )
10K
¢
% 3 a 10071
Rm
10K
)
-2y >—o Ra
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Parts List

Resistors Capacitors Integrated Circuits

RIt 1w ¢ 0l 50V vl TOCI0OT

Rt 14w o S0V U2 Plessey SLS4IC

MK "o 5% G ol 50V BB A

RO 4K W 5% ¢ 0 50V U MCI4030

RS 10 "o % s 0l SOV

RS 5 W 5% gs ;x‘; ;{s]x

R 0 W% 7 ) )

RS 64 W 5% B0 50V Diodes

RS X "W 5% s ol 5oV P

RO ¢ "W 5% oo 50V 0

R X "MW 10-tum

RZ X MWW 10-tum

RI3 1K W 5% Transistors

R4 2K W 5%

RIS 680 1AW 5% a1 2N5836
Q2 INAW

t Indicates input terminator/divider
* Indicates amplifier compensation

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDCID07CIF EXT-Tg = ~55°C to 125°C Commercial 68 Contact Chip Carrier 1007C1F
TDC1007C1A EXT-Tp = ~55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 1007C1A
TDC1007CIN EXT-Tg = ~55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1007CIN
ToC1007J1C STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 1002J1C
TDC1007J1G STD-Tp, = 0°C to 70°C Commercial With Burn-in 64 Lead DIP 1007016
TOC1007J1F EXT-Tp = -55°C to 125°C Commercial 64 Lead DIP 1007J1F
TDC1007J1A EXT~Tp = ~55°C to 125°C MiL-STO-883 64 Lead DIP 100714
TDC1007JIN EXT~Tp = ~55°C to 125°C Commercial With Burn-In 64 Lead DIP 1007JIN
TDC1007J0C STD-Tp, = 0°C to 70°C Commercial 64 Lead DIP 1007J0C
TOC1007J0G STD-Ty - 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1007J0G
TDC100700F EXT~T[; = -585°C to 125°C Commercial 64 Lead DIP 1007J0F
TDC1007J0A EXT-Tp = ~55°C to 125°C MIL-STD-883 64 Lead DIP 1007J0A
TOC1007J0N EXT-Tg - ~55°C to 125°C Commercial With Burn-In 64 Lead DIP 1007J0N
TOC1007L1F EXT-Tg = ~55°C to 125°C Commercial 68 Leaded Chip Carrier 1007LIF
TOC1007L1A EXT-Tp = ~55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 1007L1A
TOC1007LIN EXT~Tp = ~55°C to 125°C Commercial With Burn-In 68 Leaded Chip Carrier 1007LIN

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

LSI-Products Division
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Monolithic Video A/D Converter
6-Bit, 25MSPS

The TRW TDC1014 is a 25 MegaSample Per Second (MSPS) e Sample—And-Hold Circuit Not Required

full -paraflel (ﬂash)l ana!og—ltujtglig;t:ill cunvertefr, capable of e TTL Compatible

converting an analag signal with full -power frequency .

components up to 12MHz into 6-bit digital words. A ¢ ZMSPS Conversion Rate

sample-and-hold circuit is not necessary. All digital inputs and  ® Selectable Output Format

outputs are TTL compatible. o Available In 24 Lead DIP, 24 Lead CERDIP And 28 Contact
Chip Carrier

The TDC1014 consists of 63 clocked latching comparators, .
combining 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
offset two's complement coding.

o Low-Cost Video Digitizing
e Medical Imaging
o Data Acquisition

Features o TV Special Effects
@ G-Bit Resolution e Video Simulators
o 1/4 LSB Linearity © Radar Data Conversion

Functional Block Diagram

NMINV
NLINV
CONV

Vin T I

E Jﬁ‘*’
:
;

T\/\/\/\/

O

Y

\

6370 6
ENCODER :) LATCH CZ> D1-g

000
00

Y

\s

DIFFERENTIAL
/’ COMPARATORS
(63)

im0t A e

LS! Products Divizion Phone: (619) 457-1000 ©TRW Inc. 1984

e vt sttt e

TRW Electronic Components Group Telex: 697-957 40600278 Rev. E-2/84
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

N A4

NMINY -
LNV >-
CONV > o
Vin > L
Ry >— )
By )
1 P>
L)
R [-
S
R ° ° ° 63TO6 6
° o ° ENCODER :> LATCH Zi> Di_p
L] o ]
R
D
R
63 —
_"2_%
DIFFERENTIAL
Rg >— COMPARATORS
63)
Pin Assignments
=2=z8z.2
SIdS>a>x 0
LSRR I~ =S -
Vee ) an Ry 2% 18 Dg (LSB)
NG 3 2 By NC 27 17 Dy
NMINV 4 2 vy NC 28 16 Dy
NLINV 5 20 Agyp NC 1 15 D3
Veg 6 19 Viy NC 2 14 Dy
Vee 7 18 Agnp Vgg 3 13 D; (MSB)
Dgyp 8 17 Viy NC 4 12 Vee
{MSB) D; 9 16 Rg
Dy 10 15 CONV bemooo e
D3 N 14 Dg (LSB) e s o we o
by 12 13 Dg Egzz;‘zg
= = a

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

28 Contact Chip Carrier - C3 Package

LSI Products Division
TRW Electranic Companents Group
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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 I, the current drawn from

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

Name Function Value J7, B7 Package C3 Package
Vee Positive Supply Voltage +5.0V Pin 7 Pin 12

Vee Negative Supply Voltage -6.0v Pins 1, 6 Pins 3, 9
Dgnp Digital Ground 0ov Pin 8 Pin 11
AgND Analog Ground 0ov Pins 18, 20 Pins 22, 24

Reference

The TDC1014 converts analog signals in the range

VRB <X VIN << 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
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 - VRp) must be between 0.8V 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, VR = -1.0V. These voltages may be varied
dynamically up to 12MHz. Due to variation in the reference
currents with clock and input signals, Rt and Rpg 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 circuitl, a bypass capacitor is inappropriate and
a low~impedance reference source is required.

Name Function Value J7, B7 Package C3 Package
Ry Reference Resistor (Top) 0.0v Pin 22 Pin 26
Rg Reference Resistor (Bottam) -1.0v Pin 16 Pin 20

Control

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

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

Qutput Coding table given on page 50. 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 J7, B7 Package C3 Package
NMINV Not Most Significant Bit (NVert TIL Pin 4 Pin 5
NLINV Not Least Significant Bit INVert T Pin 5 Pin 6

LS| Products Division

TRW Electronic Components Group a5
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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 tg7p, 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
loutput delayl 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 C3 Package

CONV Convert

TiL Pin 15 Pin 19

Analog Input

The TDC1014 uses strobed latching comparatars 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
comparator input transistors are cut-off or become active. As
a result, for optimal performance, the source impedance of the
device must have less than 25 Ohms impedance. The input

signal will not damage the TDC1074 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 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, B7 Package C3 Package

Vi Analog Signal Input

OV to ~1V Pins 17,18, 21 Pins 21, 23, 25

Outputs

The outputs of the TDC1014 are TTL compatible, capable of
driving four tow-power Schottky TTL (54/74 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 C3 Package
0 MSB Output L Pin 9 Pin 13
D, m Pin 10 Pin 14
Dy m Pin 11 Pin 15
Dy m Pin 12 Pin 16
D5 T Pin 13 Pin 17
Dg LSB Output TiL Pin 14 Pin 18

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 C3 Package
NC No Connection Agnp Pins 2, 3, 23, 24 Pins 1,2, 4,7,8,10, 27, 28

LSI Products Division
TRW Electronic Components Group
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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

Vg (measured to Agyp) 0.0 to -7.0V

AgNp (measured to Dgyp) -10 to +1.0V
Input Voltages

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

ViN. VRT. Vg (measured to Agyp) +05 to VgV

Vgt (measured to Vgp) +22 to =22V
Output

Applied Voltage (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, ambient ~60 to +140°C

junction +175°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 conventional current flowing into the device.

Operating conditions

S TR
Temperature Range
Standard Extended

" Parameter Min Nom Max Min Nom Max Units
Voo Positive Supply Voltage (Measured to Dgyp! 475 50 525 45 50 55 v
Vee Negative Supply Voltage (Measured to Agyp! -5.75 -6.0 -625 | -575 -6.0 -625 | V
VagNp  Analog Ground Voltage (Measured to Dgyp) -01 00 0.1 -0t 00 01 v
tPwL CONV Pulse Width, Low 13 18 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 Qutput Current, Logic Low 40 40 mA
lon Output Current, Logic High -400 ~400 HA
VRt Most Positive Reference Input! -11 00 0 | -1 00 01 | v
VRs Most Negative Reference Input! -09 -10 =21 | -09 -10 211 v
VRr-VRg Voltage Reference Differential 08 10 12 08 10 12 v
Vi Input Voltage ' Ve VRT VR Var v
Ta Ambient Temperature, Still Air )] 70 °C
Te Case Temperature -85 125 °C

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

LS| Products Division
a8 TRW Electronic Components Group
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Electrical characteristics within specified operating conditions

e

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
lcc  Positive Supply Current Vg = MAX, static! 30 30 mA
e Negative Supply Current Vge = MAX, static |

Tp = 0°C to 70°C -150 mA

Tp = 70°C -10 mA

Tg = -55°C to 125°C -180 mA

Tg = 15°C -100 mA
Iner  Reference Current VRT. Vgg = NOM 20 80 20 80 mA
Rper  Total Reference Resistance 125 500 125 500 Ohms
Ry Input Equivalent Resistance VAT VRg = NOM, Viy = Vgp 2 20 kOhms
Cpy  Input Capacitance 75 75 pF
lcg  Input Constant Bias Current Veg = MAX 150 150 A
Isg  Input Clock Synchronous. Bias 20 2 HA
b Input Current, Logic Low Vee = MAX, V) = 05V -20 -20 mA
y  Input Current, Logic High Voo = MAX, V) = 24V 75 75 HA

N Input Current, Max Input Voltage Voo = MAX, V) = 65V 10 10 mA
VgL  Output Voltage, Logic Low Voo = MIN, lgy = MAX 05 05 v
Voy  Output Voltage, Logic High Voo = MIN, Igy = MAX 24 24 v
los  Short Circuit Output Current Vec = MAX, Qutput high, one pin to ground, 25 25 mA
' one second duration,

G 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

[ == — — e
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
Fg  Maximum Conversion Rate Voo = MIN, Vge = MIN 2 5 MSPS
tgrg  Sampling Time Offset Voo = MIN, Vge = MIN 0 10 0 10 ns
tg  Digital Output Delay Vg = MIN, Vg = MIN Load 1 35 35 ns
tHo Output Hold Time Vcc = MAX, VEg = MAX Load 1 15 15 ns

LSI Products Division
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System performance characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Eyy  Linearity Error Integral, Independent Var, Vgg = NOM 04 04 %
Ep Linearity Error Differential 04 04 %
a Code Size VRT. VRg = NOM 50 150 50 150 % Nominal
EUT Offset Error ~ Top V|N - VRT 30 k] mv
Egg  Offset Emor  Bottom Vin = VB -2 -4 mV
Tgg  Offset Error  Temperature Coefficient +100 +100 Qvee
BW  Bandwidth, Full Power Input 12 12 MHz
trg  Transient Response, Full Scale 2 20 ns
SNR  Signal-to-Noise Ratio 10MHz Bandwidth,
25MSPS Conversion Rate
Peak SignallRMS Noise 1.248MHz Input 4 4 dB
2.438MHz Input LX} 43 dB
RMS Signal/RMS Noise 1.248MHz Input k1] -3 dB
2.438MHz Input K] kL dB
NPR  Noise Power Ratio DC to BMHz White Noise Bandwidth 26 26 dB
4 Sigma Loading
1.248MHz Slot
25MSPS Conversion Rate
Exp  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 o 1
15.8730 mV STEP 16.0000 mV STEP NLINV = 1 0 1 0
00 0.0000V 0.0000V 000000 1mmn 100000 o
01 -0.0159v -0.0160V 000001 110 100001 011110
® L] L] * L] L] L]
* L] L] L] L] L] L]
. L] L] . L] L] L]
3 -04921v ~0.4360V o1 100000 mm 000000
2 -0.5078v -0.5120v 100000 o 000000 mm
k] -0.5238V -0.5280V 100001 0110 . 000001 110
. L] L] L] L] L] L]
L] L] L] L] L] L] L]
L] L] L] L] L] . L]
62 -0.9841v -0.9920v 1 000001 01110 100001
63 -1.000V -1.0080V i 000000 o1im 100000
Note:

Voltages are code midpoints when calibrated by the procedure given on page 51.

LSI Products Division
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Calibration

To calibrate the TOC1014, adjust VRT and VRp to set the st
and 63rd thresholds to the desired voltages. Note on the block
diagram that Rq is greater than R, ensuring calibration with a
positive valtage 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

4 WY

and 01. Then apply -0.9921V and adjust VRg for toggling
between codes 62 and 63. Instead of adjusting VRT, RT can
be connected to analog ground and the OV end of the range
calibrated with a buffer offset control. Rg is a convenient point
for gain adjust that is nat in the analog signal path. These
techniques are employed in Figure 5.

Figure 5. Typical Interface Circuit

—r_———— ———————— e ————— —— - DIGITAL ANALOG
{ BUFFER 5V ) GROUND GROUND
| AMPLIFIER | L (Dgnp! (Agnp!
: | CONV
| : NMINV
|
| i NLINV
|
ANALOG I : 15 4 :r Vee
weur. W 18 —1—>-5V
11921 s
iy
Agnp
%cmu
v,
2 Iy 5v
8
o
= Dgnp
RIS
16 318 § oA
Dig
Parts List
Resistors Capacitors Diodes
R1 t 1AW 2% c1 0.1 pF 50V CR1 1N4001
R2 t 1w 2% c2 . 50V .
R3 1.0kS2 1AW 2% C3 0.1pF 50V Integrated Circuits
R4 4% 114w 2% c4 0.1pfF 50V
RS 100 114w 2% C5 0.1 uF 50V u TRW TDC1014
R6 5692 112w 5% C6 10 puF v u2 Plessey SL541C
A7 2409 W 5% c7 100 uF o U3 741 Operational Amplifier
R8 [1:19] 1w 5% €8 0.1 uF 50V U4 Motorala MC1403U
R9 20k 12w 2%
R0 " 14w 2%
AN 20kQ 1AW Muttiturn Cermet Pot ,
RIZ 200 1AW Multiturn Cermet Pot Transistors
R13 24k 2 14W 2%
R14 214kQ 11w % 11} 2N5836 *Amplifier Compensation Components
Ri15 2% 14w 5
i 1 1000 R2
L Rl =27 -
NRange 1000 « R2
- 0.001
VREF 2N
LSI Products Division
TRW Electronic Components Group 51
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TOC1014J7C STD-Tp, = 0°C to 70°C Commercial 24 Lead DIP 1014J7C
TOC1014J76 STD-Tp, = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 1014476
TOC1014J7F EXT-Tp = -55°C to 125°C Commercial 24 lead DIP 10147F
TDC1014J7A EXT-Tp = -55°C to 125°C MIL-STD-883 24 Lead DIP 1014J7A
TDC1014J7N EXT-Tp = -55°C to 125°C Commercial With Bun-In 24 Lead DIP 1014J7IN
TDC1014C3C STD-Tp = 0°C to 70°C Commercial 28 Contact Chip Carrier 1014C3C
TDC1014C3G STD-Tp = 0°C to 70°C Commercial With Burn-In 28 Contact Chip Carrier 1014C3G
TDC1014C3F EXT-Tp = -55°C to 125°C Commercial 28 Contact Chip Carrier 1014C3F
TDC1014C3A EXT-Tg = -55°C to 125°C MIL-STD-883 28 Contact Chip Carrier 1014C3A
TOC1014C3N EXT-Tg - -55°C to 125°C Commercial With Burn-In 28 Contact Chip Carrier 1014C3N
TDC1014B7C STD-Tp, = 0°C to 70°C Commercial 24 Lead CERDIP 101487C
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.

LS| Products Division
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Wlonolithic 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 e Differential Phase 1.0 Degree
converting an analog signal with full-power frequency . . oo
components up to 5MHz into 9-bit digital words. A ° D!ﬁerem!al Gain 2.0%
sample-and-hold circuit is not required. All digital inputs and  © Differential ECL Interface
outputs are differential ECL. o Selectable Output Format
o Single -5.2V 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 contrals the conversion operation. The outputs can be
connected to give either true ar inverted outputs in binary or
offset two's complement coding. Applications

Features o Video Data Conversion

o 9-Bit Resolution o Radar Data Conversion

o 18MSPS Conversion Rate, TOC1019-1 ® Data Acquisition
o 15MSPS Conversion Rate, TDC1019 ® IR Processors
o (verflow Flag

Functional Block Diagram cow —
o y— 17
vin 7
By
o) A
OFS \ AAA
i Sm 4
< ‘u/
ng Swm
Brs )— AV~ _1\/
3
< R2 '
>
3w 4 2
9 2 [—— OVF, OVF

2
2
=

)

X;

s

512708
ENCODER :> LATCH i> Or-s
Di-g

8 —

Y
VA
)
{s

M

Ry :E R2 DIFFERENTIAL
LYY AN ‘cs?xpnnnons
\ Ry
Ry ) — AN
LSI Products Division Phone: (619) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 697-957 40G00281 Rev. C-3/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the USA.

La Jolla, CA 92038
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Functional Block Diagram

CONV )— i\
Conv ) v
v )
Ry
n‘l’ ) AAA
0FS ) A
Ry E w _'\u/
R :E ]
Brs ) AAA 4
Sw | ¢ >
b3 4 2 =
‘z/ [—+——> ovr, OVF
A T 1]
T : Bcaoen N owen [ 7> e
4 y -
P
Mo SR
LT —AAA "\/
Sme 4
> 256
- / J
4 = 4
$h .
1 )
‘b
4.4 OIFFERENTIAL
Rgs ) AA COMPARATORS
4 vy *12)
Ry ) AN
Pin Assignments
g8 23
o 1t §san, ErElo P FEFe Foe fFa s
useog 2K 63 b7 22RCRLIRNCR2RSEYS
wse) By 3 62 0y
Dgnp 4 & 61 05 OFS 61 43 Rgs
CONV 5 &) 50 Dg ys 62 2 Ne
CONV 6 1 59 Dg CONY 63 41 Ogp
D%ND ; § : :5 CONV 64 40 OVF
TS GND Dgap 65 39 OVF
GND
oFs 9t 5 NC 55 (L58) 6 38 D; (MSE)
Rp 102 55 NC Dg (158) 6 7 Dy Mse)
NC 11 I 54 Vgp t; & % Dy
vy 2 K 53 NC o 1 B0,
Agyp 1 K £y 52 NC 517‘ 2 % 03
Agnp 14 [3 51 Vg 0 3 33 03
vy 15 5 _ £3 50 NC o 4 20
iy 16 & L1 43 NC o 5 A
fim 175 48 Vega 05 6 30 NC
vy 18 5 7 NC 0 7 2 NG
Agnp 19 E 4 Veea NC 8 28 NC
Agyp 20 45 NC Aenn 9 7
NC 21 o o N GND GND
Viv 2 H 43 Veep = =
Rgg 25 £ [ 40 Agnp
Dgnp 26 & 39 NC
Dgnp 27 H 3 Ne ; sor
" ] g 68 Contact Or Leaded Chip Carrier - €1, L1 Package
ovF 29 & 36 Dg
{MSB) Dy 30 35 03
(MSB) By 31 3 Dy
D, 2 3 0;

64 Lead DIP - J1 Package

LSI Products Division
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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 (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-o0f-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, Vgga and Vggp, respectively. Since the required
voltage for both VEpA and VEEp 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 Vggp and VEga is DgnD and AGND.
respectively. Al power and ground pins must be connected.

Name Function Value J1 Package C1, L1 Package
Vega Analog Supply Voltage -5.2V Pins 48, 48, 51 Pins 14, 16, 18, 20, 21
Veep Digital Supply Voltage -5V Pins 43, 54 Pins 13, 22

Dgnp Digital Ground 0.ov Pins 4, 7, 26, 27 | Pins 41, 85

AgnD Analog Ground 0ov Pins 13, 14, 19, 20, 40, 57 Pins 8, 27, 48, 49, 55, 57

Reference

The TDC1019 converts analog signals in the range

VRB <C VIN <X VRT into digital form. VRR (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. Vgt
should be more 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 VRg = ~2.0V. Parasitic resistances, Rq and
Ry, introduce offsets at the top and bottom of the reference
resistor chain. Sense points Rts, Rpg and OFS may be used
to null out these offsets. Note that Rq is greater than R,
ensuring that a positive voltage is required at Ry. Rg, R4 and

Rg are not designed to carry the reference current. OverFlow
Sense (OFS) may be used to null out offsets at the overflow
{most positivel comparator 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 (Ry, Rys, Rp, RBS, OFS), may result in encoding errors.

Name Function Value J1 Package C1, Lt Package
Rr Reference Resistor (Top) 0ov Pin 10 Pin 59

Rys Reference Resistor (Top) Sense 0.ov Pin 8 Pin 62

Rg Reference Resistor (Bottom) -20V Pin 24 Pin 44

Rgs Reference Resistor (Bottom) Sense -2 Pin 25 Pin 43

R Reference Resistor (Midpoint) -1.0v Pin 17 Pin 52

0FS OverFlow Sense 0.0v Pin 9 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 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 512 to 9
encading 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 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 Value J1 Package C1, L1 Package
CONV Convert ECL Pin 5 Pin 64
CONV Convert, Complement ECL Pin 6 Pin 63

Analog Input

The TDC1019 uses strobed latching comparators which cause
the input impedance, resistive and capacitive, to vary with the
signal level, as comparator input transistors are cut-off or
become active. As a result, for optimal performance, the
source impedance must be less than 25 Ohms. The input

signal will not damage the TDC1019 if it remains within the
range of VEgp to +0.5V. If the input signal is between the
VRT and VRp 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

0Vito -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 line
receivers should be used. An OVerFlow (OVF signal indicates

that the analog input has exceeded the threshald 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
D_] MSB Output Complement ECL . Pin 31 Pin 37
Dy ECL Pin 32 Pin 36
D_i ECL Pin 33 Pin 35
Dy ECL Pin 34 Pin 34
03 ECL Pin 3 Pin 33
Dy ECL Pin 36 Pin 32
0 ECL Pin 37 Pin 31
Dy ECL Pin 58 Pin 7
D5 ECL Pin 59 Pin 6
05 ECL Pin 60 Pin 5
Dg ECL Pin 61 Pin 4
Dy ECL Pin 62 Pin 3
0; ECL Pin 63 Pin 2
Dy ECL Pin 64 Pin 1
Dg ECL Pin 1 Pin 68
Dg LSB Output ECL Pin 2 Pin 67
D§ LSB Output Complement ECL Pin 3 Pin 66
OVF Overflow Output ECL Pin 28 Pin 40
OvF Overflow Output Complement ECL Pin 29 Pin 33

LS| Products Division
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No Connects

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

Name Function Value J1 Package C1, L1 Package
NC No Connect Open Pins 11, 21, 23, 38, 39, 41, 42, 44, Pins 8, 10, 11, 12, 15,17, 19, 23, 24,
45, 47, 49, 50, 52, 53, 55, 56 26, 28, 28, 30, 42, 45, 47, 51, 56, 60

DIGITAL OUTPUT

e S

VRB
| R
REFERENCE
RESISTOR
CHAIN

VeEea

Cjy 1S A NONLINEAR JUNCTION CAPACITANCE
VeeA Vgg IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rp

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

Dgnp © 1)
"

S s
S SKQ S sk

AAA

Ve ©
OUTPUT EQUIVALENT CIRCUIT

T0
OUTPUT ©

PIN 40pF jL: 500

LOAD 1
TEST LOAD FOR DELAY -2V
MEASUREMENTS

LSI Products Division
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TDC1019

rrspy
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) +10 to -1.0V
Vg (measured to Vgep) +05 to -0.5V
Input Voltage
CONV. CONV {measured to Dgpp) +05 to VgV
V|N' VRT' VRB {measured to AGNB' +05 to VEEV
Vgt (measured to Vgg) +25 to -25V
Qutputs
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 -65 to +150°C
Note:

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.

Temperature Range
Standard

Parameter Min Nom Max Units
VeeD Digital Supply Voltage (measured to Dgyp! -49 -52 -55 v
VEEA Analog Supply Voltage (measured to Agyp) -48 -52 -55 v
VAGND Analog Ground Voltage {measured to DGND} -01 0.0 +0.1 )
VEga-Veep  Supply Voltage Differential. -0.1 00 +01 v
tPwi CONV Pulse Width, Low Standard 2% 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
VR Most Positive Reference Input! -01 00 01 ] v
VRg. . Most Negative Reference Input! -18 -20 EXH R
VRr-Vpg  Voltage Reference Ditferential 18 20 22 v
Vin Input Voltage VR Var v
A Ambient Temperature, Still Air2 0 +70 °C
Notes:

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

2. 500 LF.P.M. moving air required above 50°C.

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

Temperature Range
Standard

Parameter Test Conditions Min Max Units
133 Supply Current Veep. Vega = MAX

Tp = 0°C to 70°C -850 mA

Tp = 50°C -125 mA

Tp = 70°C (500 LFPM) -700 mA
IRer Reference Current VRr. VR = NOM 10 36 mA
Raer Total Reference Resistance 56 200 Ohms
Rin Input Equivalent Resistance VRt VRg = NOM, Vi ~ Vgg 20 kOhms
Ciy Input Capacitance Va1 VR = NOM, Vjy = Vgg 280 pF
Ics Input Constant Bias Current VEga = MAX, Viy = 0.0V 750 A
I Digital Input Current Vegp = MAX, V) = -0V 150 HA
VoL Output Voltage, Logic Low Vegp = NOM, I = Test Load’ -16 v
Vou Output Voltage, Logic High Vep = NOM, gy - Test Load -0%5 |V
C Digital Input Capacitance Tp = 25°C, F = IMHz 3 pF
Notes:

1. Test Load = 500 Ohms to -2.0V.

Switching characteristics within specified operating conditions

Standard
Parameter Test Conditions Min Max Units
Fs  Maximum Conversion Rate Veep, VEga = MIN Standard ) 15 MSPS
VEep. VEea - MIN -1 Version 18 MSPS
tgrg  Sampling Time Offset Veen VEpa = MIN 0 15 ns
tg  Output Delay Veep, Veea = MIN, Load’ 3% ns
tyg  Output Hold Time Vegp, Vgga = MAX, 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
Ey Linearity Error Integral, Independent VR, Vgg = NOM 03 %

Var. Vg = NOM', tpyy = 28ns 0.15 %
Ejp  Linearity Error Differential Vg, Vgg = NOM 0.15 %
a Code Size Vg1, Vg = NOM 15 185 % Nominal
Egrs  Offset Eror  Top Vin = VR, Rys Connected +4 mV
Eor Offset Error ~ Top Vin = VRt +40 mV
Egps  Offset Error  Bottom Vi = Vgp Rgg Connected +4 mV
Egg Offset Error ~ Bottom Vin = VrB -40 mV
Teo Offset Error ~ Temperature Coefficient ’ 2 uviec
R Transient Response, Full Scale 2 ns
BW Bandwidth, Full Power Input 5 MH:z
SNR Signal-to-Noise Ratio 5MHz Bandwidth,

18MSPS Conversion Rate

Peak Signal/RMS Noise 1.25MHz Input 52 dB
2.438MHz Input 49 dB
RMS SignallRMS Noise 1.25MHz Input 43 dB

2.438MHz Input i} dB
Epp Aperture Error 100 ps
P Differential Phase .2 4 x NTSC Subcarrier 10 Degrees
DG Differential Gain 12 4 x NTSC Subcarrier 20 %
Notes:

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

LSI Products Division
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Output Coding

m

Binary Offset Two's Complement
Step Range True Inverted True Inverted
-2000V FS -2.0440V FS Al Qutputs Dy Inverted Dy-Dg Inverted
39139 mV Step 4.000 mV Step Inverted

000 0.0000v 0.0000v 000000000 mnnu 100000000 omnn
001 0.0039V 0.0040v 000000001 1m1mme 100000001 011111110
L] L] L] . L] L] L]

. L] L] L] L] L] L]

L] L] L] L] L] L] L]
255 0.8980V 1.0200v [ORRRRRRE] 10000000 mmn 000000000
256 1.0020v 10240V 100000000 omnm 00000000 nmmnm
251 1.0053V 1.0280v 100000001 01111110 00000001 minnmg
L] L] * L[] L] L] L]

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

L] . L] . L] L] L]
510 19961V 1.9980vV 11111110 000000001 [EAREARATI 100000001
51 2.0000v 2.0200v i 000000000 [ONRRNARI 100000000
Notes:

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

To calibrate the TDC1019, adjust VRT and VRg to set the 1st
and 511th 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 -0.00196Y on the analog input, and adjust
VRT for output toggling between codes 00 and 01. Then apply
~1.9980V and adjust VRp for toggling between codes 510 and

LSI Products Division
TRW Electronic Components Group

511. The Overflow flag is calibrated similarly to VRT except
that the converter input is set 1 LSB more positive than the
top of the encoding range (-0.00196V in this example). Instead
of adjusting VRT, RT can be connected to analog ground and
the OV end of the range calibrated with a buffer offset control.
Rg is a convenient paint 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
+y +15V
VEEA
c|z[ I cs< -5
_I_g Agnp
ANALOG
INPUT VEED
Rl -52v
ci5 o
=D
Tociog GND
47—| 01
E:Itj 1" "
as @ < 10
+15V >—{ars Dy-Dg. OVF
no
D;-Dg. OVF
J'_ . 1-Dg
7 -
Res
Rg —
CONV  CONV $ é{,‘ﬁbﬁ%
GND!
> < DIGITAL
GROUND
= {Dgnp!
T* = TERMINATE AS REQUIRED CoNV >
Parts List ;
Resistors Capacitors Integrated Circuits
R1 ! c1 0.1uF 50V U1 TRW TOC1019
R2 80682 "W 2% C2 20pF 50V vz Plessey SL541C
R3 10KQ2 " 2% ] 0.1uF 50V U3 MC4741
R4 42K "W 2% c4 0.1pF 50V U4 MC1403
RS 20K w Multiturn Cermet Pot Cs 0.pF 50v Us MC10116
R6 100092 w 5% Cé 1.0pF v
R7 12009 w 5% c1 0.0uF v Transi
R 1000 "W 5% €8 (Ses Note 2) Tansistors
R9 20KQ "V 2% c9 {See Note 2)
RID  (See Note 2I CI0 OIpF 50V Q1 2NS836
R 20KQ W Multitum Cermet Pot ch o DIuF 50V @ N30
RIZ  2KQ w Muttiturn Cermet Pot G2 0pF 50V
RI3  2IKQ " % C3 0 50V Diodes
R14 200KQ "W 2% cu 0.1uF 50V
R15 20K "y 2% Ci5 D.AuF 50V
R16 20K 1w 2% C16 0.1uF 50V o 1N4001
R17 75.0€2 "Wy 2%
Notes:

1. Selected for desired input impedance and voltage range.
2. Selected for amplifier compensation.
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Ordering Information

T —— e TR
Product Temperature Range Screening Package Package
Number Marking
TDC1018J1C STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 1mic
TDC1018J1C1 STD-Ty = 0°C to 70°C Commercial 64 Lead DIP 1018J1C1
TDC1018J1G STD-Tp = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1019J1G
TDC1018)1G1 STD-Ty = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 10194161
TDC1019C1C STD-Tp = 0°C to 70°C Commercial 68 Contact Chip Carrier 1013C1C
TDC1018C1G1 STD-Tp = 0°C to 70°C Commerical 68 Contact Chip Carrier 1019C1C1
TDC1019C1G STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 1019C1G
TDC1013C1G1 STD~Tp = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 1019C161
TDC1019L1C STD-Ty = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1019L1C
TDC1018L1CY STD-Ty = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1019L1C1
TOC1018L1G STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Leaded Chip Carrier 1018L16
TDC1019L1G1 STD-Tp = 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

others.

Preliminary Information describes products that are nat in full production at the time of printing. Specifications are based on design goals and fimited
characterization. They may change without notice. Contact TRW for current information.
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Monolithic A/D Converter
4-bit, 256MSPS

The TRW TDC1021 is a 256 MegaSample Per Second (MSPS) o Sample-And~Hold Circuit Not Required

full -parallel (flash) analog-to-digital converter, capable of o TTL Compatible

converting signals with full-power frequency components up to .

10MHz into 4-hit digital words. A sample—and-hold circuit is * Z5MSPS Conversion Rate

not required. All digital inputs and outputs are TTL compatible.  ® Selectable Qutput Format
¢ Available In 16 Lead DIP

The TDC1021 consists of 15 clocked latching comparators, o StandardiExtended Temperature Range
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 ) §
offset two's complement coding. ® Video Special Effects
® Radar Data Conversion
Features * High-Speed Multiplexed Data Acquisition
o 4-Bit Resolution ¢ Medical Imaging
e +J LSB Linearity  |mage Processing

Functional Block Diagram

NMINV
NLINV
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Vin 2 l
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=
AA
V

=
A
W

L]
15704 :>
ENCODER LATCH Z>DH

[ 0
R
L] L]
L] L]
. L]
RS
24
1 15 >
1~
<
R3 DIFFERENTIAL
COMPARATORS (15]
fg
REFERENCE
RESISTOR
CHAIN
LS1 Products Division Phane: (619) 457-1000 ©TRW inc. 1984
TRW Electronic Components Group Telex: 697-957 40G01334 Rev. A-2/84
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
NMINY >
NLINV >
CONV > '
iy >— ]
N 2

RT>_
RI%

A 4

Y.

%X

A

[ B
4

1570 4 :>
»| ENCODER LATCH z>01-4

. .¢. \=

2~

v

R

) % DIFFERENTIAL
COMPARATORS (15)
Rg >—

REFERENCE
RESISTOR
CHAIN

Pin Assignments

Agnp 1 16 CONV
Uiy 2 15 Dy (LSB)
NC 3 14 D,

Ry 4 13 D
Rg 5 12 Dy (MSB)
Vie 6 11 Dgnp

NUNV 7 10 Vgp

RM 8 9 NMINV

16 Lead DIP - J9 Package
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Functional Description

General Information

The TDC1021 has three functional sections: a comparatar array,
encoding logic and output latches. The comparator array
compares the input signal with 15 reference voltages to
produce an N-of-15 code (sometimes referred to as a
“thermometer” code, as all the comparators below the signal
will be on, and all those above the signal will be off).

The encoding logic converts the N-of-15 code into binary or
offset twa'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 +5.0v Pin 10
VEg Negative Supply Voltage -6.0V Pin 6
DgnD Digital Ground 0.0v Pin 11
Agnp Analog Ground 00V Pin 1

Reference

The TDC1021 converts signals in the range VRg < VIN<S VRT
into digital form. VRp Ithe voltage applied 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 -2.1V. VRT should be more positive than
VRB within that range. The voltage applied across the
reference resistor chain (VRT-VRp! must be between 0.4V and
1.3V. The current in the reference resistor chain can be
supplied directly by an aperational amplifier. These voltages
may be varied dynamically up to 10MHz. 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. A reference middle is also provided; this may be used
as an input to adjust the mid-scale peint 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 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) -08v Pin 8
Vs Reference Resistor (Bottom) -1.04v Pin §

LSI Products Division
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Control

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 binary or offset two's
complement, in either true or inverted sense, according ta the

QOutput Coding table given on page 72. 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 Package
NMINV Not Most Significant Bit INVert TiL Pin 9
NLINV Not Least Significant Bit INVert TIL Pin 7

Convert

The TDC1021 requires a convert (CONV) signal. A sample is
taken (the comparatars 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 15 to 4
encading 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 tyg, 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

s 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 synchranous
bias current.” The comparators also cause the input impedance,
resistive and capacitive, to vary with the signal level as
comparator input transistors are cut-off or become active. As
a result, for optimal performance, the source impedance must

be less than 25 Ohms. The input signal will not damage the
TDC1021 if it remains within the range of Vgg to +0.5V. If the
input signal is between the the VRT and VRp references, the
output will be a valid representation of the input. A signal
outside this range will indicate either full-scale positive or
full-scale negative, depending upon whether the signal is
off-scale in the positive or negative direction.

Name Function

Value J9 Package

Vin Analog Signal Input

0Vt -1V 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 {tyq! after the rising edge of the CONV
signal.

Name Function Value J9 Package
0y MSB Output T Pin 12
D, T Pin 13
D3 it Pin 14
Dy LSB Output TiL Pin 15

LSI Products Division

TRW Electronic Components Group
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No Connects

Pin 3 of the TDC1021 is labeled No Connect INCI, and has no
connection to the chip. Connect this pin to Agnp for noise

705y

reduction.
Naie Function Value J9 Package
NC No Connect AgnD Pin 3
Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) !
Supply Voltages
Vg (measured to Dgyp) -05to +7.0V
Vg (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 +55V
Vin V. Vpp (measured to Agyp) +05 o VgV
Vg (measured to Vg +22 to -2.V
Output
Applied voltage (measured to Dgyp) ~05 to +7.0v 2
Applied current, externally forced -10to +60 mA 34
Short circuit duration {single output in high state to ground) 1 sec
Temperature
Operating, ambient -80 to +150°C
junction +175°C
Lead, soldering {10 sec.} +300°C
Storage -65 to +160°C
Notes:

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

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

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

Operating conditions
L |

Temperature Range

Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vo Positive Supply Voltage (Measured to Ogyp! 415 50 5.25 45 5.0 55 v
Vee Negative Supply Voltage (Measured to Agyp! ~5.15 -60 -6.25 -5.75 -6.0 -6.25 v
Vagnp  Analog Ground Voltage (Measured to Dgyp) -01 00 01 -0.1 00 0.1 v
tpwt CONV Pulse Width, Low 19 19 ns
towH CONV Pulse Width, High 15 15 ns
ViL Input Voltage, Logic Low lﬁ 08 v
ViH Input Voltage, Logic High . 20 20 v
loL . Output Current, Logic Low 40 40 mA
loH Output Current, Logic High -400 -400 HA
Var Most Positive Reference Input! -19 0.0 0.1 -18 0.0 0.1 v
Vig Most Negative Reference Input! -2 -10 -01 -21 -0 -0.1 v
VRr-Vrg Vohtage Reference Differential 02 1.0 20 02 10 20 v
Vin Input Voltage VR Vot VRe Var v
Ta Ambient Temperature, Still Air 0 70 °C
Te Case Temperature -5 125 °C
Note:

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

LS! Products Division
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Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
lgc  Positive Supply Current Voo = MAX, static! 35 35 mA
g Negative Supply Current Vg = MAX, static | -60 -60 mA
Iger  Reference Current Var. VRg = NOM -40 -40 | mA
Rper  Total Reference Resistance 250 250 Ohms
Ry Input Equivalent Resistance VRt VRg = NOM, Viy = Vgg 60 60 kOhms
Cpy  Input Capacitance 25 25 pF
Icg  Input Constant Bias Current Vg = MAX 2 20 | pA
Isg  Input Clock Synchronous Bias 5 5 | pA
I Input Current, Logic Low Vpp = MAX, Vp = 05V -20 =20 | mA
hy  Input Current, Logic High Voo = MAX, V) = 24V 75 75 | pA
] Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 | mA
Vor  Output Voltage, Logic Low Voo = MIN, Igp = MAX 04 04 J v
Voy  Output Voltage, Logic High Vee = MIN, Igy = MAX 24 24 v
lps  Short Circuit Output Current Veo = MAX, Output High, one pin to ground, -2 -25 mA
one second duration
C Digital Input Capacitance Tp = 25°C, F = 1MHz 15 15 pF
Note:

Switching characteristics within specified operating conditions

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

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
Fg  Maximum Conversion Rate Veg = MIN, Vgg = MIN 25 25 MSPS
s10 Sampling Time Offset Vcc = MIN, VEE = MIN 0 10 1] 15 ns
o QOutput Delay Vg = MIN, Vgp = MIN Load 1 35 3% | ns
tyo  Output Hold Time Voo = MAX, Vgg = MAX Load 1 ] 5 ns

LSI Products Division
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System performance characteristics within specified operating conditions

» ' Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max | Units
E;y  Linearity Error Integral, Independent VRT, VRB = NOM +16 16 | %
Ep  Llinearity Error Differential 16 16 1%
] Code Size Va1, VRg = NOM 50 150 50 150 | % Nominal
Egr  Offset Eror  Top Vin = VRt ‘ +50 - +50  |mV
Egg  Offset Error  Bottom Vin = VB -50 -5  |mv
Teg  Offset Error  Temperature Coefficient +100 100 JuvI°C
BW  Bandwidth, Full Power Input 10 10 MHz
tyg  Transient Response, Full Scale 20 2 ns
Exp  Aperture Error ' 50 50 ps

Output Coding

. EEEEEE AR
Binary Offset Two's Complement
Step Range True Inverted True Inverted
-1.0000V FS -0.960V FS NMINV = 1 0 0 1
66.667 mV STEP 64.000 mV STEP NLINV = 1 0 1 0
00 0.000v 0.000V 0000 m 1000 o
01 -0.067v -0.064V 0001 110 1001 0110
02 -0.133v -0.128v 0010 1101 1010 0101
03 -0.200v -0.192v om 1100 1011 0100
04 -0.267V -0.256V 0100 10m 1100 0011
05 -0.333v -0.320v 0101 1010 10 0010
06 -0.400v -0.384v 0110 1001 110 0001
07 ~0.467V -0.448V om 1000 m 0000
08 -0533v -0512v 1000 om 0000 m
09 -0.600V -0.576V 1001 0110 0001 110
10 -0.667v -0.640V 1610 ' 0101 0010 101
" -0.733v -0.704v 101 0100 0011 1100
n - -0800V -0.768Y 1100 oon 0100 1011
1 -0867V -0832V 101 0010 0101 1010
14 -0.933v ~0.898V 110 0001 0110 1001
15 -1.000v -0.960v 1 0000 0 1000

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

LS| Products Division
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Calibration

To calibrate the TDC1021, adjust VRT and VRp to set the 1st
and 15th threshelds to the desired voltages. Assuming a 0V to
-1.0V desired range, continuously strobe the converter with
-0.0335V on the analog input, and adjust VRT for output
toggling between codes 00 and 01. Then apply -0.9665V and
adjust VRg for toggling between codes 14 and 15. Instead of
adjusting VRT, AT can be connected to analog ground and the
0V end of the range calibrated with an analog input buffer
offset control. Rg is a convenient point for gain adjust that is
not in the analog signal path.

Typical Interface Circuit

Figure 5 shows a typical interface circuit. In this circuit the
input has the range of 0.067V to -0.933V. The range is the
difference between the voltages at which the transition from
code 0 to code 1 occurs and the transition from code 14 to
15 occurs, +1 LSB. This extra LSB is produced when the
analog to digital converter is calibrated with the transition from
the 0 code to the 1st code occurring one half LSB away from
ground, and the transition from the 14th to 15th codes
occurring 1/2 LSB away from full scale. If a range from 0.000V
to 1.000V is required, then VRT must be adjusted (see
calibration) and anather buffer circuit added.

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

Figure 5. Typical Interface Circuit

-6V 45V

NLINV )
NMINY D—
CONV > —
CONV NMINV NLINV Vg Vg v
ANALOG cc
INPUT D Vin
070 -1V
v R4
+15V | RT
1
mcmm BATA
u : ouT
Di-a
3
AgND Dgnp
Parts List
Resistors Capacitors Integrated Circuits
Rl 200 W Mutitumn Cermet Pat ] 10 pF v Ut TRW TDG1021
R 215KQ W 2% 2 1 UF 1ov U2 741 Op-Amp
R 25K W 2% ] 0.1 pF 50V U3 Motorala MC1403U
R4 2KQ "W 5% 4 0.1 pF 50V
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
T0C102199C STD-Tp = 0°C to 70°C Commercial 16 Lead DIP 102109C
T0C102109G ST0-Tp = 0°C to 70°C Commercial With Burn-In 16 Lead DIP 102196
TDC1021.09F EXT-Tp = ~55°C to 125°C Commercial 16 Lead OIP 1021J9F
TDC102109A EXT-Tp = ~55°C to 125°C MiL-STD-883 16 Lead DIP 1021J9A
TOC1021J9N EXT-Tp = ~55°C to 125°C Commercial With Burn-In 16 Lead DIP 10219N

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.

7
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Preliminary Information

Monolithic A/D Converter
8-bit, 50MSPS

The TRW TDC1025 is a 50 MegaSample Per Second (MSPS} ® 50MSPS Conversion Rate
e Sample-And-Hold Circuit Not Required
e Differential Or Single—Ended ECL Compatible

sample-and-hold circuit is not necessary. All digital inputs and ~ ® Single ~5.2V Power Supply
e Available In 68 Contact Or Leaded Chip Carrier

full-parallel (flash} analog-to-digital converter, capable of
converting an analog signal with full-power frequency
components up to 12MHz into 8-bit digital words. A

outputs are ECL compatible.

The TDC1025 consists of 255 clocked latching comparatars, Applications

combining logic, and an output buffer register. A differential

ECL convert signal controls the conversion operation. The

® Medical Electronics

digital outputs will interface with differential or single—ended ~ ® Fluid Flow Analysis

ECL. The device requires a single -5.2V power supply.

Features

e §8-Bit Resolution

o Sgismic Analysis
® Radar/Sonar
® Transient Analysis

o High-Speed Image Processing

Functional Block Diagram
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Functional Block Diagram
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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, VEgA and VEgp, 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 circuitl. The return for Iggp, the current drawn from

the VEgp supply, is Dgnp. 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. Al power and ground pins must be connected.

Name Function Value C1, L1 Package
Verp Digital Supply Voltage -5V Pins 7, 29

VEea Analog Supply Voltage -5V Pins 13, 14, 16, 18, 20, 22, 23
Dgnp Digital Ground 0oV Pins 8, 28, 39, 64

AgnD Analog Ground 0.0V Pins 46, 50, 55, 58

Reference

The TDC1025 converts analog signals in the range

VRg << VN << VR into digital form. VRp Ithe voltage applied
to the pin at the bottom of the reference resistor chain} and
VRT lthe voltage applied to the pin at the top of the reference
resistor chain) should be between +0.1V and -2.1V. Vgt
should be more positive than VRp within that range. The
voltage applied across the reference resistor chain (VRT-VRB!
must be between 1.8V and 2.2V. The nominal voltages are
VRT = 0.0V, Vgg = -2.0V.

Two sense points, RTg and Rps, may be used to minimize the
offset errors and temperature sensitivity. With sensing, resistors
R1 and Ry (as shown in the Functional Block diagram) are
contained within the feedback loop, and no longer contribute
to the offset error. The remaining offset errors, EgTs and
Eggs, can be eliminated by the calibration method discussed
on page B8. The temperature sensitivity of this remaining offset
error is specified by tggs, Temperature Coefficient, Sensed.
The sense resistors, Ry and Ry (as shown in the Functional
Block diagram) are approximately 1 kGhm. These resistors are
not designed to carry the total reference current, and should
not be used as reference inputs. If the sensed points are not
used, these pins should be left open. The circuit in Figure 5
shows a typical sensing configuration.

LSI Products Division
TRW Electronic Components Group

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 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
quantization process, resulting in encoding errors.

Due to the variation in the reference currents

with clock and input signals, R 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 at rates up to 10MHz.
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Reference (Cont)

Name Function Value C1, L1 Package
Ry Reference Resistor (Top) oV Pin 62
Rrs Reference Resistor Sense (Top) Pin 63
Rm Reference Resistor (Middle) -1V Pin 49
Rg Reference Resistor (Bottom) -20v Pin 81
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 B encoding is performed on
the falling edge of the CONV signal. The coded output is
transferred to the output latches on the next rising edge. Data

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
canversion 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 tpyh)
requirements on the waveshape of the CONV signal. (Refer to
Figure 1)

Name Function Value C1, L1 Package
CONV Convert ECL Pin 58
CONV 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 25 Ohms. The input signal will not damage the
TOC1025 if it remains within the range of +0.5V to Vgga. If
the input signal is between the VRT and VRg references, the
gutput will be a binary number between 0 and 255,
proportional to the magnitude of the analog input. A signal
outside this range will indicate either full-scale positive or
full-scale negative, depending on whether the signal is
off-scale in the positive or negative direction. All eight analog
input pins should be connected through resistors near the chip

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

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

Name Function

Value C1, L1 Package

Vi Analog Signal Input

0V to -2V Pins 44, 41, 48, 51, 52, 56, 57, 60

7
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Qutputs

The outputs of the TDC1025 are both differential and meet the specified logic levels. Using the outputs in a

single~ended ECL compatible. The outputs should be differential mode will provide increased noise immunity.

terminated with a 1.5 kOhm impedance into a 5.2V source to
Name Function Value C1, L1 Package
D MSB Output ECL Pin 66
0 MSB Qutput, Complement ECL Pin 67
0y : ECL ' Pin 68
0, ECL Pin 1
D3 ECL Pin 2
D3 ECL Pin 3
Dy ECL Pin 4
0 ECL Pin 5§
Dy ECL Pin 30
05 ECL Pin 31
05 ECL Pin 32
05 ECL Pin 33
o ECL Pin 34
0 ECL Pin 35
Dg LSB Output ECL Pin 36
Dy LSB Output, Complement ECL Pin 37

No Connects

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

Name Function Value C1, L1 Package
NC No Connect Open Pins 6, 8, 10, 11, 12, 15, 17, 18, 21, 24, 25, 26, 27, 38, 42, 43, 45, 59, 61, 65

Thermal Design

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

Supply Voltages

Vegp d to Dgnp! +05 to -7.0V

Vegp (measured to Agyp! +05 to -2.0V

Agnp (m d to Dgnp) +05 to -0.5V

Vggp (measured to Vgep) +05 to -0.5V
Input Voltages

CONV, CONV {measured to Dgyp) +05 to VggpV

ViNe VRT. Vpp (m dto AGND) +05 to VEEAV

VRt @ d to Vg 0to +25V
Output

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

Dperating, ambient -55 to +125°C

junction +175°C

Lead, soldering (10 ds) +300°C

Storage -65 to +150°C
Note:

1. Absaluie 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 Extended

Parameter : Min Nom Max Min Nom Max Units
Veep Digital Supply Voltage -49 -82 ~55 -48 ~52 -55 v
VEgA Analog Supply Voltage -49 -52 -55 -43 -52 -55 v
Veea-Veep  Supply Voltage Differential -0.1 00 +0.1 -0.1 0.0 +01 v
VagnD Analog Ground Voltage (Measured to Dgyp) -01 00 +0.1 -0.1 0.0 +01 )
tPWL CONV Pulse Width, Low 6 8 ns
tPWH CONV Puise Width, High 12 " ns
ViL Input Voltage, Logic Low -14 -14 v
ViH Input Voltage, Logic High -10 -18 v
VRt Most Positive Reference Input! -01 00 +0.1 -01 00 +0.1 v
Vrs Most Negative Reference Input’ -18 -20 -21 -18 ~20 -21 v
Var-Vgg  Vohtage Reference Differential 18 20 22 18 20 22 v
Vin Input Voltage Vrs Var Vrg Var v
Tc Case Temperature2 0 80 -55 +125 °C

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

2. 500 LF.P.M. moving air required above 45°C ambient.
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Electrical characteristics within specified operating conditions

w

Temperature Range

E

I N AL L

Standard Extended

Parameter Test Conditions Min Max Min Max Units
leg Supply Current Veea Vepp = MAX

Tg = 0°C 10 80°C 700 mA

Tg = 80°C 550 mA

Tg = -55°C to 125°C 850 mA

Tg = 125°C 500 mA
lpgr  Reference Current VRT. VRg = NOM 10 3 10 4 mA
Raer  Total Reference Resistance 57 200 50 200 Ohms
RN Input Equivalent Resistance VRt VRg = NOM, Viy = Vpg 4 4 kOhms
Cpy  Input Capacitance 160 160 pF
lcg  Input Constant Bias Current Veea Veep = MAX, Vjy = 00V 660 1200 A
] Digital Input Current Veea Veep = MAX, V) = -0V 160 240 A
Vot Output Voltage, Logic Low Veea. Veep = NOM, Iy = Test Load! -16 ~15 v
Voi  Output Voltage, Logic High Veea. Veep = NOM, gy = Test Load -095 -1 v
C Digital Input Capacitance Tp = 25°C, F = IMH: 20 2 pf

Note:

1. Test load = 1.5 kOhms to -52V, C = 40pF.

Switching characteristics within specified operating conditions
L L

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fg  Maximum Conversion Rate Veea, Veep - MIN 50 40 MSPS
tgrp  Sampling Time Offset Veea Veep = MIN 0 10 0 10 ns
tp  Digital Output Delay Ve Veep = MIN, Load! 15 ] ns
tyo  Digital Output Hold Time Veea. VEep - MAX, Load! 2 2 ns

Nate:

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

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
Ey Linearity Integral, Independent VR Vrg = NOM +0.3 +0.3 %
Ep  Linearity Differential 0.3 03 %
[V Code Size Va1, VRg = NOM 15 185 15 185 % Nominal
Egy  Offset Emor  Top VN = VR +40 +40 mV
Egrg  Offset Eror  Top, Sensed ’ +10 +10 mV
Egg  Offset Emor  Bottom Vin = VRB -40 -40 mV
Eggs  Offset Emor  Bottom, Sensed -10 -10 mV
Teps  Oifset Error - Temperature Coefficient,

Sensed 80 80 uvree
8W Bandwidth, Full Power Input 125 10 MHz
TR Transient Response, Full Scale Input Change 10 10 ns
SNR Signal-to-Noise Ratio 20MHz Bandwidth,

50MSPS Conversion Rate

Peak SignallAMS Noise 1.25MHz Input 53 53 dB
5.34MHz Input- 51 51 dB
10.0MHz Input o d8
12.0MHz Input a dB

RMS Signal/RMS Noise 1.25MHz input 44 4 dB

5.38MHz Input 42 2 d8
10.0MHz Input 8 dB
12.0MHz Input 38 dB
EAP Aperture Error LU} 4 ps
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Figure 5. Typical Interface Circuit

at —< v

+12v o4

ANALDG
INPUT

R1§

—AAA

VVv

OFFSET

+15V

+12v
n
ms;
-5V +15V -52v
A A 4L
L
2 3 03 |c1s o'’
15V )—¢ us Vegy, -52¢ E 4 o
1 2R3 $ cis] o
ool (1] j¢
T o] 3 \% =
T E; R
—15v

+15V -52V
-] V+)

Vie2




g axgy

cHIP
ANALOG DIGITAL ECL
GROUND GROUND | GROUND
Very (AGNg! (Dgnp! (Egnp)
L3l
VEEA AGND 15KS2 TERMINATION
1.04,1618, - 4650, D, S8 r -}
nan 558 5% LIV
= VWA
Fis 4o ML (LSB, COMPLEMENT) : )
0 1
L - = ™ :
5 ;'— [} 1
5 ! |
R B AAA 1,
——— A u 2% : :
RY 2 bg LW 1
VWA—] 47 % Wt
R4 30— ! |
WA % ML Lon—d !
Rt Dy ! !
—AMA—s1 U1 TDCIs s | 1
2 3 o LI |
W
w— 52 T3 1 1
2 : |
R4 Dy |
AAA 56 1 iz' ] ~AAA '
R ® Dy IMSB) : :
AN—] 57 1 A
VWA~ ] il —— Ve
RS D; (MSB, COMPLEMENT) L d
ANA 66 f——
"—( Y]
s 5 | SO0 :
u I 5 1
T U1
A Y
eom 7
Ras .
—_—% 828,
128 38 T 1 ) . 10 7 10 7 '
oL
u I cig UG us w w s us ug CONVERT
o 15082)
Very 3 2 (@53 J2 [ Ji5[3 2 [@ 5 |3 |2
N\,
T
AgND Dgno T N
AN
4 o 4 T <7 T 00
@ 75— {1 -
Dig,, 7 D =
™ <T
~i19]
Esnp T <7
'y n 2 =
» »l
[ P15y ( P
L T T
‘9 mi=< l“nn \ r\, jx
— ;7 > H
«L o - L i_.v_ 3 3 -3 é 6 6 6 o 3 [-3 3 -y
GhoUND  GROUND  DiGIAL Pr O P2 Bz Bs BaDe Do % % B D6 B Oy Dy Dy
GROUND DATA QUTPUT

LS! Products Division
TRW Electronic Components Group 85



TDC1025

' N A L4

Parts List
Resistors Integrated Circuits Capacitors
R 0! U1 TRW TDC1025L1 or C1 C1 1000 pF 200V
R 439Q! "W 1% U2 CANZIE €2 01pF 50V
RI 15KQ 14W 5% U3 Mcam C3 100 uF 28V
R4 84902 mW 1% U4  MC1403 C4 0.1 uF 50V
RS 10052 18W 5% us 33T t5 10-80pF2 200V
R6 10082 /W 5% U  MC10131 06 0.1uF 5V
R 34Q mWW 1% ur - M €7 0.1 pF 50V
RS 47002 W 5% U8  MCI0131 C8 0.3 uF 50V
R 4029 178w 2% U3 MC10131 €3 0.1 uF 50V
RID 121 K2 /W 1% U0 Mcio101 C10 0.9 uF 50V
Rl 301Q 18w 1% C1 1.0 pF v
R12 20 KR ’w 1% Transistors €12 100 uF il
R13 10Q-2002 1BW 5% C13 0.1 uf 50V
R4 2000 w 5% 01  2NS836 C4 1.0 uF 50V
RIS 8292-15Q2 18W 5% @2 Nazn C15 100 pf 25
RIE 15052 w 5% 03 2N2307A C16 100 uF 25V
R17 2719 mwW 5% 04 2N4857 C17 100 pF 25V
R18 2792 10w 5% Ci1g 0.1 uf 50V
R19 34KQ 14w 1% Diodes C19 100 uF i)
R0 10K W 1% C20 0.1 uF 50V
R1 10Q W 5% 01 1N4148 €21 0.1 pF 50V
R22 4102 14W 5% D2 1INS148 C22 0.1 uF 50V
R23 102 1’W 5% D3 1N4001 C23 1000.0pF 200V
R24 108 18W 5% D4 1N40O1 €24 1000.0pF 200V
RS 11.KQ 178w 1% D5  1N40D1 €25 0.1 pF 50V
A2 422K MWW 1% D6 1N4148 C26 0.1 puF 50V
R21 3922 mv 1% D7 1IN4148 €27 100.0pF 200v
R28 2.0k w 5% Multiturn Cermet Pot D8 1N4148 C?8 .01pF 50V
R 20KQ w 5% Multiturn Cermet Pot D9 1IN4148 C28 0.1 uF 50v
R 0Q -200Q "BW 8% D10 1N4148 C30 0.1 uF 50V
R31 1092 -200 18w 5% D11 1N4148
R32 10 KQ mW 1% VR1 1N5226B
R31 422 KQ 1’ 1% VR2 1N5226B
RM4 12K 1w 1% VR3 1N52328
R35 8.2 K2 7mW 1% VR4 1NS223B
R 10082 "W 2%
R37 3UQ 0w 2% Inductors
R3 15Q 71w 1%
R33 100 How 1% L1 Bead Inductor
R0 1092 oW 1%
R4t 102 1mw 1%
R&2 1002 MW 1%
R3 1092 mnw 1%
R4 10Q 1w 1%
RS 152 1w 1%
R46 1300 14W 5% )
Al 820 W 5% Notes: N
A48 10K W % 1. Selected for desired input impedance and voltage range.
R4S 10 KQ BW 1% 2. Selected for amplifier compensation.
RS0 1092 18W 5%
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Typical Interface

Figure 5 shows an example of a typical interface circuit for
the TDC1025. The analog input buffer is a discrete differential
amplifier followed by an NPN transistor buffer. The transistor
buffer satisfies the input drive requirement of the A/D
converter. The analog input resistors, attached close to the Viy
pins, provide frequency stability and a balanced analog input to
all portions of the comparator array. All eight Vjy pins are
connected together close to the device package, and the buffer
feedback loop should be closed at that point. Bipolar inputs
may be used by adjusting the buffer offset control. The buffer
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 paint, RTS,
left open. The offset error introduced at the top of the
reference chain is cancelled by the buffer offset adjustment.
The bottom reference voltage, Vg is supplied by an amplifier,
buffered with a PNP transistor. The feedback loop through the
sense, Rgs, 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 op amp.

The differential clock is provided by an ECL gate, with
termination close to the TDC1025 to minimize ringing or
overshaot. 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 1220 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 loops, and are connected
back at the power supply. The independent ECL digital ground
aids in maintaining the chip digital ground, especially in a
system with highspeed ECL logic. Protective diodes between all
three ground planes avoid damage due to excessive differences
in ground potential.

Figure 6. Power Decoupling and Input Network
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Nate: Pins are shown for L1, C1 packages
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Output Coding
Binary Offset Two's
Complement

Step Range True Inverted True Tnverted

-20000V FS -2.0480V FS A Dutputs 0 0,-Dg

7.8431 mV Step 8.000 mV Step Inverted Inverted Inverted
000 0.0000V 0.0000V 000000000 1nmm 100000000 o
001 -0.0078v ~0.0080v 000000001 Mo 100000001 011111110
L] L] L] L] L] L] (]
L] L] L] L] L] L] .
L] L] L] L] L] L] .
7] -0.9%1v - 10160V onnm 100000000 mim 000000000
128 -1.0033vV -1.0240v 100000000 omnm 000000000 mimm
129 -10118V -1.0320v 100000001 011111110 000000001 nmnm
L] L] L] L] L . e L]
. L] L] L] . L] L]
L) . L] L] . L] L]
254 -1.9921v -2.0392v o 000000001 o1 100000001
255 -2.0000V ~2.0400v mimm 000000000 o 100000000
Note:

" 1. Voltages are code midpoints after calibration.

2. Any output may be inverted by interchanging connections to the true (Dy) and complement (ﬂ,i output pins.

Calibration

To calibrate the TDC1025, adjust VRT and VRR to set the 1st
and 265th thresholds to the desired voltages. Note that Ry is
greater than R, ensuring calibration with a positive voltage on
RT. Assuming a 0V to -2V desired range, continuously strobe
the converter with —0.0038V {1/2 LSB from OV} 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, EqT and Eqg. 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 Rg in the Functional Block

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

The above methed of calibration requires that both ends of the
resistor chain, Ry and Rp, are driven by buffered operational
amplifiers. Instead of adjusting VRT, Ry 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.
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Ordering Information

Package

Product Temperature Range Screening Package

Number Marking
TDC1025C1C STD-Tg = 0°C to 80°C Commercial 68 Contact Chip Carrier 1025C1C
TDC1025C1G STD-Tp = 0°C to 80°C Commercial With Burn-In 68 Contact Chip Carrier 1025C1G
TDC1025C1F EXT-Tp = -565°C to 125°C Commercial 68 Contact Chip Carrier 1025C1F
TOC1025C1A EXT-Tg = -55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 1025C1A
TOC1025CIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1025CIN
TOC1025L1C STD-Tp = 0°C to 80°C Commercial 68 Leaded Chip Carrier " 1025L1C
TDC1025L16 STD-Tg = 0°C to B0°C Commercial With Burn-In 68 Leaded Chip Carrier 1025L1G
TDC1025L1F EXT-Tg = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1025L1F
TDC1025L1A EXT-Tg = -55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 1025L1A
TOC1025L1N EXT-Tp = ~55°C to 125°C Commercial With Burn-In 68 Leaded Chip Carrier 1025L1N

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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Monolithic Video A/D Converter S
7-bit, 18MSPS

The TRW TDC1027 is an 18 MegaSample Per Second {MSPS) e Sample-And-Hold Circuit Not Required

full-parallel (ﬂash)| ana!og—'to—'(:]ig;taul convenefr, capable of o TTL Compatible

converting an analog signal with full-power frequency .

components up to 5MHz into 7-bit digital words. A ® 18MSPS Conversion Rate

sample-and-hold circuit is not necessary. All digital inputs and  ® Selectable Output Format

outputs are TTL compatible. ® Available In 24 Lead DIP or CERDIP
e Low Cost

The TDC1027 consists of 127 clocked latching comparators,

combining logic, and an output buffer register. A single convert Applications

signal controls the conversion operation. The unit can be . e
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
e 7-Bit Resolution o Video Simulators
® 1/2 LSB Linearity o Radar Data Conversion

Functional Block Diagram
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Functional Block Diagram
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Pin Assignments
Vy 11@ 7 24 Viy
Ry 2 23 Ry
Agnp 3 22 AgNp
Dgnp 4 121 Dgnp
NMINV 5 20 CONV
{MSB) Dy 6 ) 19 D7 (LSB)
Dy 7. 118 Dg
D3 8 117 Dg
Dy 9 116 Voo
Veg 10 4 1 15 NLINV
Vg 11 114 Vg
Agnp 12 113 AgnD

92

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

General Information

The TDC1027 has three functional sections: a comparator array,
encoding logic, and output latches. The comparator array
compares the input signal with 127 reference voltages to
produce an N-of-127 code (sometimes referred to as a
“thermometer” code, as all the comparators below the signal
will be on, and all those above the signal will be offl. The

encading logic converts the N-of-127 code into binary or
offset two's complement coding, and can invert either output
code. This coding function is controlled by DC signals on pins
NMINV and NLINV. The output latch holds the output constant
between updates.

Power

The TDC1027 operates from two supply voltages, +5.0V and
-5.2V. The return for Igc, 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
Vee Positive Supply Voltage +5.0v Pins 10, 16
Vee Negative Supply Voltage -5V Pins 11, 14
Dgnp Digital Ground 0Qv Pins 4, 21
Agnp Analog Ground 0.0v Pins 3, 12, 13, 22

Reference

The TOC1027 converts analog signals in the range

VR << ViN <X VT 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 Vpg within that range. The
voltage applied across the reference resistor chain (VRT-Vpg!
must be between 0.8V and 1.2V. The nominal voltages are VRT

= 0.05V and Vgg = -1.04V. These voltages may be varied

dynamically up to 5MHz. Due to variation in the reference |
currents with clock and input signals, Ry 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 circuitl, a low-impedance reference source is

required.

Name Function Value J7, B7 Package
Ry 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.

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

Output Coding table given on page 98. 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 J7, B7 Package
NMINV Not Most Significant Bit INVert TIL Pin §
NLINV Not Least Significant Bit INVert TIL Pin 15

LS| 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 @ 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

m 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
VEe to +08V. If the input signal is between the VRt and Vpp

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 J1, B7 Package

Vin Analog Signal Input

0Vt -1V Pins 1, 24

Outputs

The outputs of the TOC1027 are TTL compatible, and capable
of driving four low-power Schottky TTL (64/74 LS) unit loads

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

Name Function Value J7, B7 Package
Dy MSB Qutput L Pin 6
0y m Pin 7
D3 T Pin 8
Dy T ) : Pin 9
Dg T Pin 17
Dg m © Pn18
o LSB Output T Pin 18

LSI Products Divison
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged)’
Supply Voltages
Vcc {i d to DGND) 0.0 to +7.0V
Vgg (measured to Agyp! 00 to -7.0v
AGNU { 1 to DGND) -10 to +1.0V
Input Voltages
CONV, NMINV, NLINV (measured to Dgpp) . -05 to +55V
Vine VRT: VRg © d to Agnp! +05 to VgV
VRt (measured to Vpg) +22t0 -2V
Output
Applied voltage d to Dgyp) -05 to 5.5v2
Applied current, lly 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 nds) +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
Vee Positive Supply Voltage (Measured to Dgyp) 475 50 5.25 45 50 55 v
Veg Negative Supply Voltage (Measured to Agyp! -49 -52 -55 -49 -52 -58 v
VagnD  Analog Ground Voltage {Measured to Dgpp) -01 00 01 -0.1 00 0.1 v
towt CONV Pulse Width, Low 24 L] ns
PWH CONV Pulse Width, High 28 28 ns
iL Input Voltage, Logic Low 08 08 v
Vi Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 40 mA
loy Output Current, Logic High -400 -400 A
Vrr Most Positive Reference Input’ -1.1 0.0 0.1 -1.1 0.0 0.1 v
Vs Most Negative Reference Input! -08 -10 -21 -08 -10 =21 )
VRr-Vgs Voltage Reference Differential 08 10 12 08 10 12 v
iy Input Voltage VRe VRt Vas Vet v
Ta Ambient Temperature, Still Air 0 n °C
Tc Case Temperature ~55 125 °C
Note:

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

LSI Products Divison
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
loc  Positive Supply Current Ve - MAX, static! 4 55 mA
leg Negative Supply Current Veg = MAX, static!

Tp = 0°C to 70°C -215 mA

Ty = T0°C -180 mA

Tg = -55 to 125°C ~350 mA

Tg = 125°C -185 mA
Ipee  Reference Current VRT. VR = NOM 5.0 kil 50 4 mA
Rpep  Total Reference Resistance 30 200 5 200 Ohms
Ry  Input Equivalent Resistance Var.-VRg = NOM, Viy - Vpg 50 50 kBhms
Cpy  Input Capacitance 100 100 pF
lcg  Input Constant Bias Current Vep = MAX 200 300 HA
I Input Current, Logic Low Vee = MAX, V) = 0.5V

NLINV -24 -30 mA

CLK, NMINV ~20 -20 mA
Iy Input Current, Logic High Voo = MAX, V| = 24V 100 100 LA
i 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 Vee = MIN, Igy = MAX 24 24 v
lgs  Short Circuit Qutput Current Vee = MAX, Output high, one pin to ground, -2 -25 mA

one second duration.

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

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

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max |Units
Fg  Maximum Conversion Rate Voo = MIN, Vge = MIN 18 18 MSPS
tgtp  Sampling Time Offset Voo = MIN, Vg = MIN 0 15 o 20 |ns
1)) Output Delay Veg = MIN, Vgg = MIN, Load 1 ki 0 |ns
tyg  Output Hold Time Vee = MAX, Vgg ~ MAX, Load 1 10 10 ns

LSI Products Divison
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System performance characteristics within specified operating conditions
L ]
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
E;y  Linearity Error Integral, Independent VR1, VRg - NOM +04 04 %
Elp  Linearity Error Differential 04 04 %
1} Code Size Var. Vg = NOM kli] 170 30 170 % Nominal
Egy  Offset Emor  Top ViN = VAT 45 45 mV
Egg  Offset Emor  Bottom ViN - VRe -35 -40 mV
Teop  Offset Eor  Temperature Coefficient +40 +40 pvee
BW  Bandwidth, Full Power Input 5 5 MHz
tg  Transient Response, Full Scale 0 0 ns
SNR  Signal-to-Noise Ratio 5MHz Bandwidth,
18MSPS Conversion Rate
Peak Signal/RMS Noise 1.248MHz Input 48 4 d8
2438MHz Input LY L} dB
RMS SignaliRMS Noise 1.248MHz Input 39 3 dB
2.438MHz Input 38 38 dB
NPR  Noise Power Ratio DC to 8MHz White Noise Bandwidth 30 30 dB
4 Sigma Loading
1.248MHz Slot
18MSPS Conversion Rate
Exp  Aperture Error 5 50 ps
Output Coding
Dffset Two's
Complement
Step Range True Inverted True Inverted
-1.0000V FS ~ -1.0160V FS NMINV = 1 0 0 1
7874 mV STEP 8.000 mV STEP NLINV = 1 0 1 0
000 0.0000V 0.0000V 0000000 1 1000000 o1
001 -0.0078V . -0.0080V 0000001 111110 1000001 011110
L] L] L L L] L] L]
L ] L] L L] L] L] L]
L] L] L] L] L] L] L]
127 -1.0000V -1.0160V i 0000000 onnm 1000000
Note:

1. Voltages are code midpoints when calibrated using the procedure given on page 99.
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Calibration

To calibrate the TDC1027, adjust VRT and VRp to set the 1st -0.9961V and adjust Vpg for toggling between codes 126 and
and 127th thresholds to the desired voltages. Note that Ry is 127. Instead of adjusting VRT, RT can be connected to analog
greater than R, ensuring calibration with a positive voltage on ground and the OV end of the range calibrated with a buffer

Rt. Assuming a OV to -1V desired range, continuously strobe offset control. Rp is a convenient point for gain adjust that is
the converter with -0.0033V on the analog input, and adjust not in the analog signal path. These techniques are employed

VR for output toggling between codes 00 and 01. Then apply  in Figure 5.

Figure 5. Typical Interface Circuit

Fe——————,—— e — — DAL ANALDG

! R%F;E#IER GROUND $ GROUND

| = (Dgp) Agnp!

CONV
NMINV
r NLINV

ANALOG RIS in Vee
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AA — T -52v
o

R16 %
J'A'A vl" AG N0

__________ n

FTl  Tociom e
E‘ ‘ .

i = Dgnp
L ,
“ 7>
$ out
D17
Parts List
Resistors Capacitors Diodes
R1 t "W 2% C 0.1 uF 50v CR1  1N4001
R2 t my % C2 * 50v
R3 10KQ2 "ww 2% ] 0.1 pF 50v -
RE AR 1AW 2% C4  DIpF 5V Integrated Circuits
RS 108 my % C5 0.1 uF 50V Ul TRW TOC1027
R6 5682 "W 5% cé 10 pf v
u2 Plessey SL541C
R7 2409 W 5% c7 100 pF v N "
u3 741 Operational Amplifier
R8 6882 W 5% c8 0.1 puF 50V us Motorola MC1403U
RI 20K 1w 2%
RI0. * W 2%
RI1  20KQ 14W  Multiturn Cermet Pot Transistors
R12  20KQ2 14W  Multiturn Cermet Pot
R13 214K 1AW 2% Q1 2N5836
R14  214K2 1AW 2% a2 2N2907
R15 1092 7mw 2%
R16  10Q "W 2%
" ! 1 1000 R2
* Amplifier Compensation Components tRp- —— Rl =7y -
2gANGE 1000 + R2
- 0.001

Vaer 4N
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Ordering Information

Product Packags
Number Temperature Range Screening Package Marking
TDC1022J7C STD-Ty = 0°C to 70°C Commercial 24 Lead DIP 1021J7C
TDC1027J7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 1021076
TDC1027J7F EXT-Tg = -55°C to 125°C Commercial 24 Lead DIP 1027J7F
TDC1027J7A EXT-Tp = -55°C to 125°C MIL-STD-883B 24 Lead DIP 1021J7A
TOC1027J7N EXT-Tp = -55°C to 125°C Commercial With Burn~In 24 Lead DIP 1027JIN
TDC102787C STD-Ty = 0°C to 70°C Commercial 24 Lead CERDIP 102787C
TDC102787G STD-Ty = 0°C to 70°C Commercial With Burn-In 24 Lead CERDIP 1027876

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

Monolithic A/D Converter
6-bit, 100MSPS

The TRW TDC1029 is a 100 MegaSample Per Second (MSPS) o 50MHz Input Bandwidth
full-paralle! (flash} analog-to-digital converter, capable of o Low Cost

converting an analog signal with full power frequency —
components up to 50MHz into 6-bit digital words. A ® 112 138 Linearity

sample~and-hold circuit is not necessary. Al digital inputs and  ® Semple~And-Hold Circuit Not Required

outputs are ECL compatible. o 1V Input Range
® Binary Or Two's Complement Qutput Format
The TDC1029 consists of 63 clocked latching comparators, o Available In 24 Lead DIP

combining logic, and an output buffer register. A single

differential convert signal controls the conversion operation. The  pnnficati

. . . . ications

digital outputs are single-ended ECL with the exception of the PP

MSB which is differential. Binary or offset twao's complement ® Transient Digitizers
output format is available. o Direct Digital Receivers

o Radar Oata Conversion

Features

. . o [ata Acquisition
o §-Bit Resolution e Telecommunications
e 100MSPS Conversion Rate o Medical Imaging

Functional Block Diagram

CONV

CONvV
Vin > l Q i

Ry >—
H|% )

N

§
6370 6
ENCODER :S LATCH I:> Di-g

SLRE ISV
G
T

R
Ry
DIFFERENTIAL
Rp >— COMPARATORS
(63)
LSI Products Division Phone: {613} 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 537-957 40601198 Rev. C-3/4
P.0. Box 2472 TWX: 910-335-1571 Printed in the US.A.

la Jolla, CA 92038
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Functional Block Diagram

CONV >-
CONV >
Vin > o l
R >— !
R1 )
[ .
2
R o—l\% N 1
.~ D
R ° ° ° ]
° ° 63706
. . ° ENCODER LATCH Dy_g
R
S
R
;”é
DIFFERENTIAL
Rg >— COMPARATORS
(63}
Pin Assignments
Vg 18 [ ) 24 Vgep
Rg 2 ) 23 Dg (LSB)
Dgnp 3 22 05
Vin 4 121 Dy
Agnp 5 120 DgnD
CONV 6 019 Vgga
CONV 7 @ 18 Vgga
Agnp 8 17 Dgnp
Viy 9¢ 16 03
DGND 10 15 02
Ry 11 14 Dy (MSB)
Veep 12 13 D—i (MSB}

24 Lead DIP - J7 Package
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Functional Description
General Information

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

Y2/

will be on, and all those above the signal will be off]. The
encoding logic converts the N-of-83 code into binary coding,
with the complement of the MSB available for offset two's
complement output format. The output latch holds the output
constant between updates.

Power

The TDC1029 operates from separate analog and digital power
supplies, VEpa and Vggp, respectively. Since the required
voltage for both Vggp and VEpp is -5.2V, these may
ultimately be connected to the same power source, but
separate decoupling for each supply is recommended. A typical

decoupling network is shown in Figure 8. The return for Iggp,
the current drawn from the Vggp supply, is Dgnp- The return
for Igga, the current drawn from the Vgga supply, is AGND
All power and ground pins must be connected.

Name Function Value J7 Package
VEea Analog Supply Voltage -5.2V Pins 18, 19, 24
Veep Digital Supply Voltage -5V Pins 1, 12

OgnD Digital Ground 0V Pins 3, 10, 17, 20
Agnp Anglog Ground ooV Pins 5, 8

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.

o

Reference

The TDC1029 converts analog signals in the range

VRg << V)N << VR into digital form. The voltage applied across
the reference resistor chain (VRT-VRp) must be between 0.9V
and 1.1V. Vpg (the voltage applied to the pin at the bottom of
the reference resistor chain} and VRT { the voltage applied to
the pin at the top of the reference resistor chain] should be
between -0.2V and -1.4V. VRT should be more positive than
VRp within that range. The nominal voltages are:

VRT = -0.3V, Vg = -1.3V. These voltages may be varied

dynamically up to 25MHz. Due to variation in the reference
currents with changes in clock and input signals, RT and Rp
should be low-impedance-to-ground paints. For circuits in
which the reference is not varied, a bypass capacitor ta
ground reference of the input signal is recommended. If the
reference inputs are exercised dynamically {as in an AGC
circuitl, a low-impedance reference source is required.

Name Function Value J7 Package

Ry Reference Resistor, Top -03v Pin 1

Rg Reference Resistor, Bottom -1V Pin 2

LS| Products Division
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Convert

The TDC1029 requires a differential ECL CONVert (CONV) signal.
A sample is taken {the comparators are latched) approximately
5ns after a rising edge on the CONV pin. This time is tg7(,
Sampling Time Offset. This delay may vary by a few
nanosecands from part to part and as a function of »
temperature, but the short-term uncertainty fjitter) in sampling
offset time is less than 50 picoseconds. The 63 to 6 encoding
is performed on the falling edge of the CONV signal. The

YN AY L)

coded result is transferred to the output latches on the next
rising edge. The outputs hold the previous data a minimum
time (tyo! 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 TDC1029 is taking
input sample N + 2. Bath convert inputs must be connected,
with TONV being the complement of CONV.

Name Function Value J7 Package
CONV Convert ECL Pin 7
CONV Convert Complement ECL Pin &

Analog Input

The TDC1029 uses strobed latching comparators which cause
the input impedance to vary slightly with the signal level, as
comparator input transistors are cut-off or become active. As
a result, for optimal performance, the source impedance driving
the device must be less than 25 Ohms. The input signal will
not damage the TDC1029 if it remains within the range of
+0.6V to Vgga. 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
gither full-scale positive ar full-scale negative, depending on
whether the signal is off-scale in the positive or negative
direction. Both analog input pins MUST be connected through
15 Ohm resistors as shown in Figure 5.

Name Function

Value J7 Package

Vin Analog Signal Input

-03Vto -13V Pins 4, 9

Outputs

The outputs of the TDC1029 are ECL compatible. Outputs Dy _g
are single-ended, while the MSB (Dq) is differential. Offset
twa's complement format is available by cross-wiring the

MSB, i.e. interchanging D1 and Dj. The outputs should be
terminated with a 100 Ohm (or greater) impedance into an
equivalent -2.0V source.

Name Function Value J7 Package
0y MSB Output, Complement ECL Pin 13
1] MSB Output ECL Pin 14
D £CL Pin 15
Dq ECL Pin 16
0y ECL Pin 21
Dg EcL Fin 22
Dg LSB Output ECL Pin 23

104
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Figure 1. Timing Diagram

ANALOG INPUT

DIGITAL OUTPUT I

tHo | e——
tn —_—

Figure 2. Simplified Analog Input Equivalent Circuit

| Y

Vin

IpiAs

VEea

VEER

VEEA

13pF NOMINAL

20pF MAXIMUM

Cy = NON-LINEAR JUNCTION CAPACITANCE

C; = Vjy LINEAR CAPACITANCE

Vg IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rg

cm = C1 + cz

Figure 3. Convert Input Equivalent Circuit

e Dgnp
CONV o0——
conv °_( T_— _———
®D®
VeeD
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Figure 4. Output Circuits
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Absolute maximum ratings (beyond which the device will be damaged) !
Supply Voltages
Veep | d to Dgnp! 05 to -7.0V
Vega | d to Agyp) 05 to -7.0V
Agnp (measured to Dgyp! 10 to ~1.0V
Vega d to Vgepl 05 to -05V
Input Voltages
CONV, CONV § 1o Dgyp) +05 to VggpV
ViN: VR VRB (measured to Agnp! +05 to VgpaV
Vgt (measured to Vpg) +15 to -1.5V
Qutput
Short circuit duration {single output to ground) Indefinite
Temperature
Operating, ambient -60 to +115°C
junction +175°C
Lead, soldering (10 ds) +300°C
Storage -65 to +150°C
Note:

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

Functional operation under any of these conditions is NOT implied.

Operating conditions

L
Temperature Range
Standard
Parameter Min Nom Max Units
VeeD Digital Supply Voltage -49 -52 -55 v
VEEA Analog Supply Voltage -49 -52 -55 v
Veea-Veep  Supply Voltage Differential -0.1 00 0.1 v
VaGND Analog Ground Voltage (Measured to Dgyp) -0.1 00 0.1 v
tPwlL CONV Pulse Width, Low 3 4 ns
tPwH CONV Pulse Width, High 5 6 ns
Vicm CONV Input Voltage, Common Mode Range (Figure 6) -05 -25 v
Vioe CONV Input Voltage, Differential (Figure 6) 04 12 v
VRT Most Positive Reference Input’ -02 -03 -04 v
Vs Most Negative Reference Input! -12 -13 -14 v
VRr-VRg  Voltage Reference Differential 03 10 11 v
VIN Input Voltage Vre VRT v
Ta Ambient Temperature 2 0 0 °C
Notes:

1. Vgy must be mare positive than Vg, and voltage reference differential must be within specified range.

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

Temperature Range

Standard

Parameter Test Conditions Min Max Units
Ieea*lgep Supply Current Veea Veep - MAX

Ty = 0°C to 70°C -315 mA
) Tp = 70°C ~300 mA
IREF Reference Current VR1. Vg = NOM 10 35 mA
Rper Total Reference Resistance 2 100 Ohm
Rin Input Equivalent Resistance VRT. Vrg = NOM, Viy = Vg, Vge = MAX ] kOhm
Cin Input Equivalent Capacitance VRT. VRe = NOM, Viy = VRB 2 pF
) Input Constant Bias Current Veea VEep = MAX, Viy - -0.3V 500 HA
] Input Current Veea Veep = MAX, Vp = -05V 250 HA
VoL Output Voltage, Logic Low Veea, VEep = NOM, Test Load 1 -1.650 v
Vou Output Voitage, Logic High Veea Veep = NOM, Test Load 1 -0950 v
C Digital Input Capacitance Tp - 25°C 15 pF

Switching characteristics within specified operating conditions

—_——eeeee e ey
Temperature Range

Standard

Parameter Test Conditions Min Max Units
Fg  Maximum Conversion Rate Veen Veep = MIN 100 MSPS
tstp  Sampling Time Offset Veea Veep = MIN -0 6 ns
tp  Output Delay VEEA VEED -~ MIN, Load 1 7 ns
tyo  Output Hold Time Veea. VEep = MAX, Load 1 15 ns

LS! Products Division
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System performance characteristics within specified operating conditions
m

' N A4

Temperature Range
Standard
Parameter Test Conditions Min Max Units
Ey Linearity Error Integral, Terminal Based VAT, Veg = NOM +08 %
Ejp  Linearity Error Differential 08 %
a Code Size VRT. VRg = NOM 50 150 % Nominal
Egr  Dffset Eror  Top Vin = Vet 20 mV
Egg  Offset Eror  Bottom Vin = VB -8 mV
Teg  Offset Emor  Temperature Coefficient +35 pvree
BW Bandwidth, Full Power Input! Fg = 100MSPS 50 MHz
R Transient Response, Full-Scale Input Change 6 ns
SNR Signal~To-Noise - Ratio2 100MSPS Conversion Rate
Peak Signal/RMS Noise 25MHz Input 2 dB
50MHz Input 39 dB
RMS Signal/RMS Noise 25MHz Input 3 dB
50MHz Input Kii} dB
Eap Aperture Error 30 ps
Notes:

Output Coding '

1. Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpyyy = 6ns.
2. Single frequency sinusoidal input attenuated 3dB at 1/2 sampling frequency lanti-alias prefilter).

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
0 -0.3158V ~0.3160V 000001 100001
L] L] L] L] .
L] L] L) L] L]
. L] . L] L]
3 -0.7921v -0.7860v o mmn
32 -0.8079v -08120V 100000 000000
3 -0.8238v -0.8280v 100001 000001
L] L] . L] L]
L ] L] L] . L]
. . . L] L]
62 -1.2881v -1.2920v me 011110
63 -1.3000V -1.3080v 1mm o1
Note:

108

1. Voltages are code midpoints after calibration.
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Figure 5. Power Decoupling and Input Network
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INPUT ‘[ ::: Vin
R
4
Vin .
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Figure 6. CONVert, CONVert Switching Levels
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Calibration

To calibrate the TDC1028, adjust VRT and VRpg to set 1st and  adjusting VRT, RT can be connected to a fixed voltage and the
63rd thresholds to the desired voltages. Assuming a 0.3V to most positive end of the range calibrated with an offset

-1.3V desired range, continuously strobe the converter with control. Rp is a convenient point for gain adjust that is not in
~0.3079V on the analog input, and adjust VRT for output the analog signal path. These techniques are employed in
toggling between codes 00 and 01. Then apply -1.2921V and Figure 7.

adjust VRg for toggling between codes 62 and 63. Instead of

LSI Products Division
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Figure 7. Typical Interface Circuit

() e R
S
TR
0F
om ; g R
R "’mﬂ'! R12 ™
« 133

W

(Egun!

15K 2 R17 T_ V,
RT Ty &2
b weley Lop -aviom 1)
‘ F w
o HH v T_l-“‘ o ow L i . poit
1 <. 'D; £
100 +
o == F wr:-’ o : ‘2,‘, 5 Tour ‘{’; =
T::;T mgRa ( I ’1 UMSS SPECFIED L RESSTORS
. v ECL GROUND él é 3 4 D4 4D %
-15¢ +15V ot 02 [x] i) 5 [}
V- L% DATA QUTPUT
T O
Parts List
Resistors Capacitors Integrated Circuits
R1 15092 1w 2% Ct 0.1 pF Ut TDC102947
R2 820 W 5% C2 01 uF u2 1001020
R3 130 14w 5% c3 10 uF  Pofarized u3 1001510
R4 150Q W 2% c4 100 uF  Polarized u4 3503
R5 682 14w 5% C5 0.1 pF U5 a4
RE KQ Multiturn Cermet Pot i} 0.1 puf us I
R7 MK MW 5% c7 0.1 puF
R  XKQ Muttiturn Cermet Pot c8 10 uF  Polarized |
RS 20Q MW 5% €9 100 pF  Polarized Diodes
R0 100KQ W 2% C10  10uF  Nonpolar 01 INa148
R 42KQ W 2% cn 10 uF  Non-polar 02 NG00
R12 200K 14W 2% C12 10 pF  Polarized 3 IN414I
RI3 200K 14W 2% C13  10uF  Polarized 0 N 48
R 102 1BW 5% C4 100 pF  Polarized D 4003
RIS 100K  14W 2% 15 100 pF  Polarized D5 W 4001
RIE 15K 1AW 5% CE 0ipf 06 INe0T
RI7T  15KQ 14w 5% C17 10 pF  Polarized
RIB 100K  14W 2% Inductors
RIS 100KQ2 1w 2% .
RO 18D "W 5% Transistors (1 Bead Inductor
R21 100 mW 5%
RZ B2 AW 5% g; gxgg;
R23  34Q mww 2% Pt 2907
R4 1009 1"wW 2%
LS! Products Division
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Ordering Information
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Product Temperature Range Screening Package Package
Number Marking
TDC1029J7C STD-Ty - 0°C to 70°C Commercial 24 Lead DIP 1028J7C
TDC1028476 STD-Tp =~ 0°C to 70°C Commercial With Burn-In 24 Lead Dip 1028476

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

others.

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

LS| Products Division
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Preliminary Information

' N A4

Monolithic Video A/D Converter
8-bit, 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-bit digital words. A
sample-and-hold circuit is not necessary. Low power
consumption eases thermal considerations, and board space is
minimized with a 28 lead package. All digital inputs and
outputs are TTL compatible.

The TDC1048 consists of 255 clocked latching comparators,
combining logic, and an output buffer register. A single convert
signal contrals the conversion operation. The unit can be
connected to give either true or inverted outputs in binary or
offset twa's complement coding.

Features

o §-Bit Resolution
® 20MSPS Conversion Rate

® Low Power Consumption, 1.4W (Worst Case

e Sample—And-Hold Circuit Not Required

e Differential Phase 1 Degree

o Differential Gain 2%

® 1/2 LSB Linearity

e TTL Compatible

e Selectable Output Format

® Available In 28 Lead DIP, CERDIP, Or Contact Chip Carrier

Applications

® Low-Cost Video Digitizing
® Radar Data Conversion

® Data Acquisition

® Medical Imaging

Functional Block Diagram
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R / 25108 7
D
n 1 ENCODER :> LATCH -8
" RmiD ¢ .
m3
>+
RS
e : .
L]
. L] L[]
R
= -
- -
B
23 DIFFERENTIAL
Rg COMPARATO

LSI Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

Phone: (619} 457-1000
Telex: 637-957
TWX: 910-335-1571

©TRW Inc. 1984
40601216 Rev. C-3/84
Printed in the U.S.A.
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Functional Block Diagram
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28 Lead DIP - J6 Package
28 Lead CERDIP - BG6 Package
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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 Agnp. All power and ground pins must
be connected.

Name Function Value J6, B6, C3 Package
Ve Positive Supply Voltage +50V Pins 6, 10

Ve Negative Supply Voltage -5V Pins 7,8, 9
Dgnp Digital Ground 0gv Pins 5, 11

AGND Analog Ground oov Pins 19, 25

Reference

The TDC1048 converts analog signals in the range

VRB << Vi << VR 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. VT
should be more positive than Vpg 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, 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 wil
provide approximately 112 LSB adjustment of the linearity

midpoint. The characteristic impedance seen at this node is
approximately 220 Ohms, and should be driven from a
tow-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, Ry 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) oov Pin 18
Ry Reference Resistor {Middle) -10v Pin 27
Ry Reference Resistor (Bottom) -20V Pin 26

LSI Products Division
TRW Electronic Components Group
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Control

Two function control pins, NMINV and NLINV are provided.

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

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 tg7g, 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 tyg, Output Hold Time, after
the rising edge of CONV. New data becomes valid after
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

L 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
Vge to +0.6V. If the input signal is between the VRT and VRp

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

Qutputs

The outputs of the TOC1048 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 {typ) after the rising edge of the CONVert signal.

Name Function Value J6, B6, C3 Package
Dy MSB Output m Pin 1
D m Pin 2
Dg m Pin 3
0y m Pin 4
0g i Pin 13
0 m Pin 14
0 m Pin 16
Dg LSB Output TIL Pin 16

116
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) !
Supply Voltages
Vee d to Dgnp! -05to +7.0V
Vge (measured to Agyp) +05 to -7.0V
AgNp {measured to Dgyp) -05 to +05V
Input Voltages
CONV, NMINV, NLINV {measured to Dgyp) -05 to +55V
VIN. VRT. Vg (measured to Agyp! +05 to VggV
Vg (measured to Vpg) +22 to -2V
Output
Applied voltage ( d to Ogyp) -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 +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. Curfent is specified as positive when flowing into the device.

Operating conditions
*

Temperature Range

Standard Extended
Parameter Min Nom Max Min Nom Max | Units
Vee Pasitive Supply Voltage 475 5.0 5.25 450 50 550 )
Vee Negative Supply Voltage -49 -52 -55 -49 -52 -55 v
VagND Analog Ground Voltage (Measured to Dgyp) | -0 0 +01 =01 0 +0.1 v
tPwL CONV Pulse Width, Low 18 18 ns
tpwH CONV Pulse Width, High 2 2 ns
ViL Input Voltage, Logic Low 08 08 v
Vi Input Voltage, Logic High 20 20 v
lor Output Current, Logic Low 40 40 mA
loH Qutput Current, Logic High -400 -400 YA
VRt Most Positive Reference Input! -0.1 00 0.1 -0.1 00 +0.1 v
Vs Most Negative Reference Input -19 -20 =21 -19 -20 -21 v
VRr-Vgg  Voltage Reference Differential 18 20 22 18 20 22 v
Vin Input Voltage Vre VRT VR VAT v
Ta Ambient Temperature, Still Air 0 10 °C
Tc Case Temperature -55 125 °C
Note:

18

1. VRr 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
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max |Units
Icc  Positive Supply Current Vg = MAX, static! ki 4 |mA
lgg  Negative Supply Current Ve = MAX, static!
Tp = 0°C to 70°C -20 mA
Tp - 70°C -170 mA
Tp = -55°C to 125°C -210 | mA
Tp = 125°C -165 | mA
Iper  Reference Current VRt VRg = NOM 30 0 |mA
Rper  Total Reference Resistance 67 50 Ohms
Ry Input Equivalent Resistance VRT. VRg = NOM, Vi = Vg 10 10 kChms
ClN Input Capacitance VRT' VRB = NOM, V|N - VRB 100 100 pF
lcg  Input Constant Bias Current Vg = MAX 100 200 |pA
g Input Current, Logic Low Voo = MAX, Vj - 05V
CONV -04 ~-04 [ mA
NMINV, NLINV -06 -06 | mA
Ay Input Current, Logic High Voo = MAX, V) = 24V 50 50 |pA
] tnput Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 [ mA
VgL  Output Voltage, Logic Low Voo = MIN, Ipp = MAX 05 05 |V
Voy  Output Voltage, Logic High Voo = MIN, Igy = MAX 24 24 v
lpg  Short Circuit Output Current Vee = MAX, Output high, one pin to ground, -30 -30 |mA
one second duration.
C Digital Input Capacitance Tp = 25°C, F = 1MHz 15 15 |pF
Note:

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

Switching characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max |Units
Fg  Maximum Conversion Rate Voo = MIN, Vge = MIN 2 0 MSPS
tsrg  Sampling Time Offset Vee = MIN, VEE = MIN 0 10 0 15 ns
tg  Digital Output Delay Veo = MIN, Vgg = MIN, Load 1 % 0 |ns
tyo  Digital Output Hold Time Vee = MAX, Vgg = MAX, Load 1 5 5 ns

LS Products Division
TRW Electronic Components Group 19
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System performance characteristics within specified operating conditions

p——
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max | Units
Ey Linearity Error Integral, Independent VRT. Vg = NOM +0.2 0.2 %
Ep Linearity Error Differential 0.2 0.2 %
] Code Size 2% 175 % 175 % Nominal
Eqgr  Offset Eror  Top Vin = VRT +40 +40 mV
Egg  Offset Eror  Bottom Vin = VRB -30 -3 mV
Top  Offset Eror  Temperature Coefficient +20 +20 uvee
BW Bandwidth, Full Power Input 7 5 MH:z
R Transient Response, Full Scale 20 20 ns
SNR  Signal-to-Noise Ratio 20MSPS Conversion Rate,

10MHz Bandwidth

Peak Signal/RMS Noise 1.248MHz Input 54 53 dB
2.438MHz Input 53 52 dB
RMS SignallRMS Noise 1.248MHz Input 45 4 dB

2.438MHz Input 4 X} dB
Epp Aperture Error : 60 60 ps
DpP Differential Phase Error Fg = 4 x NTSC 10 10 Degree
DG Differential Gain Error Fg = 4 x NTSC 20 20 %
NPR  Noise Power Ratio OC to 8MHz White Noise 385 36.5 dB

Bandwidth 4 Sigma Loading

1.248MHz Slot

20MSPS Conversion Rate

LSI Products Division
120 TRW Electronic Components Group
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Qutput 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 0600000 1mmm 1000000 011111
001 -0.0078V -0.0080v 0000001 11110 1000001 011110
L] L . L] L] L] L]
L] . . L] L] L] L]
L] . [ ] L] L] (] L]
121 -0.9961V -1.0160V o 10000000 mmnn 00000000
128 -1.0033V -1.0240v 10000000 o 00000000 mnm
129 -1.0118V -1.0320v 10000001 01111110 00000001 1111110
L] L[] L] . L] L] L]
. . L] * L] L] L]
. L] L] [ ] L] L] L]
254 -1.9921v -2.0320v 110 00000001 oo 10000001
255 -2.0000V -2.0400V 1M1 00000000 0 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 3 logical “0.”
2. Voltages are code midpaints when calibrated by the procedure given below.
Calibration

To calibrate the TDC1048, adjust VRT and VRg to set the 1st
and 255th thresholds to the desired voltages. Note that R is
greater than R, ensuring calibration with a positive voltage on
Ry. Assuming a OV to -2V desired range, continuously strobe
the converter with ~0.0039V {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
VRg for toggling between codes 254 and 255.

The degree of required adjustment is indicated by the offset
error, EQT 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 Rq and Ry in the Functional Block

LSI Products Division
TRW Electronic Components Group

Diagram. Calibration will cancel all offset valtages, 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 VRy, Ry 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 errar, 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 6.

121



TDC1048 I7i<4

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 Vjy pins are The bottom reference voltage, VRp, is supplied by an inverting

connected 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 a 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 to cancel the gain
Proper decoupling is recommended for all systems, although error introduced by the offset voltage, Egp, 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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Figure 6. TDC1048 Typical Interface Circuit
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Parts List
Resistors Integrated Circuits
Rl 0.0 114W 5% u1 TRW TDC1048
R2 80.72 1AW 5% U2 HA-2533~5 op-amp
R3 1KQ 14w 5% u3 uA741C op-amp
R4 K0 14w 5% ) LM313 reference
RS 200 14w 5%
R6 1491 14w 5% Transistors
R? 1K 114w 5%
R8 KQ 14W Multiturn Pot o 2N2807
RI 149) 14W Multiturn Pot
R10 10KQ 14w 5% Inductors
R11 202 14W 5%
R12 29 14w 5% L1, L2 Ferrite beads
Capacitors
O-C4  1pF BV
C5-C11  O.1pF 50V
c12 1-6pF variable
1 1000 R2
A2 = —m M=y ——
2V 1000 + R2
Rende  poo1
VREF 2N

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1048J6C STD-Tp = 0°C to 70°C Commercial 28 Lead DIP 1048J6C
TDC1048J66 STD-Tp = 0°C to 70°C Commercial With Burn-In 28 Lead DIP 1048066
TOC1048J6F EXT-Tg = -55°C to 125°C Commercial 28 Lead DIP 1048J6F
TDC1048J6A EXT-Tg = -55°C to 125°C MIL-STD-8838 28 Lead DIP 1048J6A
TDC1048J6N EXT-Tg = -55°C to 125°C Commercial With Burn-In 28 Lead DIP 1048J6N
TOC1048C3C 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 1048C3G
TDC1048C3F EXT-Tg = -55°C to 125°C Commercial 28 Contact Chip Carrier 1048C3F
TDC1048C3A EXT-Tp = -55°C to 125°C MIL-STD-8838 28 Contact Chip Carrier 1048C3A
TDC1048C3N EXT-Tg = -55°C to 126°C Commercial With Burn-In 28 Contact Chip Carrier 1048CIN
TDC1048B6C STD-Tp = 0°C to 70°C Commercial 28 Lead CERDIP 1048B6C
TDC1048B6G STD-Ty = 0°C to 70°C Commercial With Bun-In 28 Lead CERDIP 1048B8G

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 natice. Contact TRW for current information.

LSI Products Division
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DIA Converters

TRW LSI’s line of monofithic,
high-speed D/A converters employ
segmented current switching
techniques. These D/A converters have
resolutions of 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.

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 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 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 Emor {%) Rate' (MSPS) (Watts) Package Notes
TDC10162 8 0.20 20 07 J5, J7, C2, BT TTUECL Compatible '
9 010 20 0.7 J5, J7, C2, B7  TTUECL Compatible |
10 005 2 07 J5, J7, C2, B7  TTUECL Compatible .
TDC1018 8 020 125 08 J1, B7 ECL Compatible

Notes: 1. Guaranteed, Worst Case, Tp = 0°C to 70°C.

2. The TDC1016 has 10-bit resolution, and is available in three linearity grades to meet 8, 9, !
and 10-bit system requirements.
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Video Speed D/A Converter
10-bit, 20MSPS

The TDC1016 is a bipolar monolithic digital-to-analeg e Valtage Output, No Amplifier Required

converter which can convert digital data into an analog voltage e Single Supply Operation (-5.2V, ECL Compatible)
at rates up to 20 MegaSamples Per Second (MSPS). The
device includes an input data register and operates without an
external deglitcher or amplifier.

e Dual Supply Operation (+5.0V, TTL Compatible)
e Internal 10-Bit Latched Data Register
® Low Glitch Energy

Operating the TDC1016 from a single -5.2 Valt power supply e Disabling Controls, Forcing Full-Scale, Zero, And Inverting
will bias the digital inputs for ECL levels, while operating from Input Data

a dual 5 Volts power supply will bias the digital inputs for o Binary Or Two's Complement Input Data Formats

TTL levels.
oves o Differential Gain = 1.5%, Differential Phase - 1.0 Degree
All versions of the TDC1016 are 10-bit digital-to-analog ® MIL-STD-883 Screening Available
converters, but are available with linearity specifications of .
gither 8, 9, or 10 bits. The TDC1016 is patented under U.S. Applications

patent number 3283120 with other patents pending. e Construction of Video Signals From Digital Data. 3x Or 4x

NTSC Or PAL Color Subcarrier

Features
e CRT Graphics Displays, RBG, Raster, Vector
® 20MSPS Conversion Rate o Waveform Synthesis

e 8, 9, or 10-Bit Linearity |

Functional Block Diagram

10 TTL INPUTS
{20 ECL INPUTS)
TTUECL DATA CURRENT R-2R
CLK —>1 piGiTaL LATCHES SWITCHES RESISTOR
T INPUT :> :> F> NETWORK [—> Agut
| surreRs | 4 0 "

NDIS —»

— CLK VREF

(NDIS) —>] | -

NFL —>

NFH —p]

NC — I\

VRer VI/A(
comp

LS| Products Division Phone: (619} 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 637-957 40G00280 Rev. D-2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.SA.

La Jolla, CA 92038
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Functional Block Diagram
10 TIL INPUTS
(20 ECL INPUTS)
TIUECL DATA CURRENT R-2R
CLk —»]
DIGITAL LATCHES SWITCHES RESISTOR
= INPUT :> NETWORK [— Agur
CLK =1 gurrers [ 4 ? :1o>
NDIS —>
__ CLK VREF
(NDIS). —»] | 1
NFL —
NFH —
NG —
VReF JA\[{
COMP
Pin Assignments
ne 1{@ [[~ 40 NC
Veg 2 39 NC
COMP 3 38 NC
VRer 4 37 Dyg (LSB)
Agnp 5 36 Dyg (LSB)
Agnp 6 35 Dg
Agur 7 )
Agnp 8 33 Dg
Vee 9 32 g vpee 1(@ [ 124 COMP
Dgyp 10 Nnon Agnp 2 023 Vg
NDIS 11 0 0 Agnp 3 022 Dyg (LSB)
CLK 12 29 g Agur 41 121 Dg
CIK 13 28 D Agnp 5 120 Dg
NDIS 12 27 Dg Vee 61 119 Dy
(MSB) D 15 26 Dg Dgnp 7 118 Dg
{MSB) Dy 16 %5 Dy NDIS 8 117 Dg
N2C 17 2 0 CLK 9 116 Dy
D; 18 23 D3 (MSB) Dy 10 115 Dg
D, 19 2 b3 N2C 11 014 NFL
NFH 20 21 NFL D; 12 113 NFH

40 Lead DIP - J5 Package 24 Lead DIP - J7 Package

24 Lead CERDIP - B7 Package
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Pin Assignments -

%gg ﬁ% Iﬁggugfé

ARRAASANGAA

28 Dyg (LSB)

J

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. Al digital inputs become
compatible with TTL levels when dual power supply (£5.0V)
operation is used.

The internal 10-bit register latches data on the rising edge of
the clock (CLK) pulse. Currents from the current sources are

switched accordingly and combined in the resistor network to
give an analog output voltage. The magnitude of the output
voltage is directly proportional to the magnitude of the digital
input 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 Dgpp and all
inputs to 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 retumned to system power supply
ground by way of separate conductive paths to prevent digital
ground noise from disturhing 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 6

Vee Negative Supply Voltage -50v Pin 2 Pin 34 Pin 23

AgND Analog Ground 0ov Pins 5, 6, 8 Pins 38, 39, 40, 41, 43 Pins 2, 3,5
Denp Digital Ground 0.0v 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

AGND- Adjusting this voltage is equivalent to adjusting system
gain. The temperature stability of the TOC1016 analog output

{AguT! depends primarily upon the temperature stability of the
applied reference voltage.

~ The internal operational amplifier of the TDC1016 is frequency

stabilized by an external 1 microfarad tantalum capacitor
connected between the COMP pin and Vgg. A minimum of
1 microfarad is adequate for most applications, but

10 microfarads or more is recommended for optimum
performance. The negative side of this capacitor should be
connected to VEE.

Name Function Value J5 Package C2 Package J7, B7 Package
VRer Reference Voltage In -1.0v Pin 4 Pin 36 Pin 1
comp Compensation 1 uF Pin 3 Pin 35 Pin 24

Control

The NDIS inputs are used to disable the TDC1016 by forcing
its output to the zero-scale value (current sources off). The
NDIS inputs are asynchronous, active without regard to the

CLK inputs. The other digital control inputs are synchranous,
latched on the rising edge of the CLK pulse.

The rising edge of the CLK pulse transfers data from the input
lines to the internal 10-bit register. In TTL mode, the inverted

inputs for CLK, DATA, and NDIS are inactive and should be
left open.

The Input Coding table illustrates the function of the digital
control inputs. A two’s complement mode is created by
activating N2C with a logic “0." When NFH and NFL are both
activated with a logic “0,” the input data to the 10-bit
register is inverted.

Name Function Value J5 Package C2 Package J7, B7 Package
NDIS Not Disable TTUECL Pin 11 Pin 2 Pin 8
NDIS Not Disable (inv) ECL Pin 14 Pin 5

CLK Clock TTUECL Pin 12 Pin 3 Pin 9

CK Clock {Inv) ECL Pin 13 Pin 4

N2C Not Two's Complement TTLECL Pin 17 Pin 9 Pin 11

NFH Not Force HIGH TTUECL Pin 20 Pin 12 Pin 13

NFL Not Force LOW TTUECL Pin 21 Pin 13 Pin 14

Data Input

Data inputs are ECL compatible when single power supply
operation is employed. The J5 and CZ packages allow for
differential ECL inputs while the J7 and B7 packages have only
single —ended inputs. When differential ECL data is used, any
data input can be inverted simply by reversing the connections

132

“to the true and inverted data input pins. All inverted input pins

should be left open if single-ended ECL or TTL modes are
used. All data inputs have an internal 40 kOhm pull-up
resistor to V.
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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
ITI Data Bit 1 (MSB Inv) ECL Pin 15 Pin 7

Dy TTUECL Pin 19 Pin 11 Pin 12
D—z ECL Pin 18 Pin 10

Dq TTUECL Pin 23 Pin 15 Pin 15
ﬁj ECL Pin 22 Pin 14

Dy TTUECL Pin 25 Pin 17 Pin 16
0_4 ECL Pin 24 Pin 16

D TTLECL Pin 27 Pin 19 Pin 17
D5 ECL Pin 26 Pin 18

Dg TTUECL Pin 29 Pin 21 Pin 18
[_)é ECL Pin 28 Pin 20

Dy TTLECL Pin 31 Pin 23 Pin 19
0—7 ECL Pin 30 Pin 22

Og TTUECL Pin 33 Pin 25 Pin 20
IE ECL Pin 32 Pin 24

Dg TTUECL Pin 35 Pin 27 Pin 21
U_g ECL Pin 34 Pin 26

By Data Bit 10 (LSB) TTLECL Pin 37 Pin 29 Pin 22
DTE Data Bit 10 (LSB Inv) ECL Pin 36 Pin 28

Analog Qutput

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 Ohms,
nominally.

Name Function ’ Value J5 Package C2 Package J7, B7 Package
Agut Analog Output Voltage 0Wio -1V Pin 7 Pin 42 Pin 4

No Connect

There are several pins labeled no connect (NC) on the TDC1016

Jb and C2 packages, which have no connections to the chip.

These pins should be left open.
Name Function Value J5 Package C2 Package J1, B7 Package
NC No Connect Open Pins 1, 38, 39, 40 Pins 6, 30, 31, 32, 33, 37 None

LSI Products Division
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged) '

Supply Voltages
Ve (measured To Dgp) -05 to +7.0V
Ve d To Agyp) +05 to -7.0v
Agnp (measured To Dgyp) +10 to -10V
Input Voltages
Digital { d To Dgnp) +1.0 to =70V
Reference (measured To Agnp) . -15 to +05v
Output
Applied voltage { d To Agnp) +20 to -20v2
Short-circuit duration indefinite
Temperature .
Operating ambient +125°C
junction +175°C
Lead, g (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.

Operating conditions

e T AL XIS ]
: Temperature Range '
Standard Extended !
Parameter Min Nom | Max Min Nom | Max Units .
Vee Positive Supply Voltage : TTL Mode 475 50 5.25 450 5.0 5.55 v
ECL Mode -0.25 0.0 0.25 -0.25 0.0 0.25 v
Ve Negative Supply Voltage -45 -50 -85 -45 -50 -55 v
VagnD  Analog Ground Voltage (Measured to Dgyp) -01 00 0.1 -01 00 01 v
tpwl CLK Pulse Width, Low 15 20 ns
tPWH CLK Pulse Width, High 15 20 ns
ts Input Register Set-up Time TTL Mode 20 20 ns
ECL Mode 25 25 ns
tH Input Register Hold Time 2 2 ns
L Logic “0" TTL Mode Dgnp 08 OgnD 08 v
ECL Mode -1.85 ~1475 -1.85 -1475 v
Vin Logic “1” TTL Mode 20 Vee 20 Vee v
ECL Mode -1.105 -081 -1.105 -081 v
VRer Reference Voltage -08 -10 -12 -08 -10 -12 v
Ccomp  Compensation Capacitor 10 10 73
Ta Ambient Temperature 0 70 °C
Tc Case Temperature -85 125 °C

LS| Products Division
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Electrical characteristics within specified operating conditions
“—
Temperature Range .
Standard Extended
Parameter Test Conditions Min | Max Min | Max Units
Icc  Power Supply Current TTL Mode, Voo = MAX, Vg = MAX 20 20 mA
e Power Supply Current TTL Mode, Vg = MAX, Vg = MAX ! -120 -150 mA
Iner Reference Input Current Vg = MAX, Vggr = -1.0V 10 10 HA
L Logic “0” Input Current TTL Mode, Voo = MAX, Vg = MAX -10 -10 mA
ECL Mode, Vg = 00, Vgg = MAX -300 -0 | pA
Iy Logic “1” Input Current TTL Mode, Voo = MAX, Vg = MAX 15 75 YA
ECL Mode, Voo = 0., Vgg = MAX 300 300 HA
CLK, NDIS 300 300 HA
Coyr Output Capacitance Aqgyr to Agnp (Figure 2) 10 10 pF
Cjy  Digital Input Capacitance Any Digital Input to Dgnp 35 35 pF
Royr  Output Resistance Agur to Agnp (Figure 2) 0 9% 70 % Ohms

Note:

1. Return current from Ve flows through Agnp

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 2 20 MSPS

ECL Mode Full-Scale Output Step 18 18 MSPS
tpg  Data Tum-on Delay AL = 75 Ohms 20 20 |ns
tgeT Settling Time TDC1016-8 to 0.2% 30 0 |ns

TDC1016-9 to 0.1% 35 B |ns

TDC1016-10 to .05% 40 0 |Ins
tRy Output 10% to 90% Risetime Vgg = NOM, RL - 75 Ohms Full-Scale Step 55 551 ns
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System performance characteristics within specified operating conditions

]
Temperature Range
Standard Extended
Parameter Test Conditions Min | Max | Min | Max Units
RES Resolution All TDC1016 Devices 10 10 bits
ELI, ELD Linearity Error Integral and Differential TOC1016-8 0.2 0.2 % FS
Terminal Based TDC1016-9 0.1 0.1 % FS
TOC1016-10 0.05 0.05 % FS
Vors Full-Scale Output Voltage Veg = NOM, RL = 10 kOhms -095 | -1.05 | -095| -1.05 Volts
VRer = -1.000V
Vgg = NOM, RL = 75 Ohms -047 | -053 | -047 | -053 Volts
Vrer = -1.000V
Vozs  Zero-Scale Output Voltage Vgg = NOM, RL = 75 Ohms +15 +15 mv
Vrgr = -1.000V
P Differential Phase NTSC 4x subcarrier ! 1.0 1.0 Degree
0G 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 DP and DG due to quantizing error.

Input Coding Table

_-—___
NDIS N2C NFH NFL Data Output Description

0 X X X XXXXXXXXXX 00 Qutput Disabled

1 1 1 1 1 0.0 Binary (Default State for

1 1 1 1 0000000000 -10 TTL Mode Control) Inputs Open

1 1 0 0 1 -10 Inverse Binary

1 1 0 0000000000 0.0

1 0 1 ot 6.0 Twa's Complement

1 i 1 1 1000000000 -10

1 0 0 1] pnnm -1.0 Inverse Two’s Complement

1 0 0 0 1000000800 00

1 X 0 XXXXXXXXXX 0.0 Force HIGH

1 X 1 0 XXXXXXXKXX ~-1.0 Force LOW

Notes:

1. For TTL, 00<<Vy << +08 Valts is logic “0"

2. For TTL, +2.0 <Vjy << +5.0 Vobts is logic “0"
3. For ECL, -1.85<T V) <<-147 Valts is logic “0"
4. For ECL, -1.10<Vjy << -08 Volts is logic “0"

5. "x" = “don't care”

LS| Products Division
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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 HA2533
wide-band operational amplifier. Note the careful power supply
decoupling at the power input pins of the amplifier. The output

Note that all 10 current switches are activated by the NFH
input and the resulting full-scale output voltage will be greater
than if the system used only eight or nine bits for full-scale
data.

of the circuit is a composite video signal with SYNC and
BLANKING levels coming from external sources. This technique
allows the TDC1016 to use its entire dynamic range for the
video information while pulses are added by other means.

The reference for the TDC1016 is generated by dividing the
output voltage from a two-terminal band-gap voltage
reference. System gain is calibrated by adjusting variable
resistor 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 0.01uF 50V CR1 1N4001
R2 1K 1/4W 10-turn 2 1.0uF v
R3 1K 1AW 5% c3 1.0uF 1ov Transistors
R4 43 14w 5% c4 22uF 2V
RS kx} 14W 5% C5 0.JuF 50V a1 2N2907
R6 330 14w 5% C6 2-5pF 50V Q2 2N2907
R7 750 1AW 5% c7 0.1pF 50V a3 2N2907
R,RY 0 1AW 5% c8 0.9uF 50V 04 2N6660
R10 5 1AW % c9 0.9uF 50V Q5 2N6660
R11,R12 10K 1AW 5% c10 0IuF 50V
R13 20 114w 5% Integrated Circuits
R14,R15 100 1w 5% RF Chokes
R16,R22 3%0 1AW 5% L2 Ferrite beads u1 TRW TDC1016
R17,R18 K 1AW 10-turn u2 mM113
R19 1K 14W 5% U3 HA2539
R20,R21 1K W 5% U4 SN7404

Ordering Information

Package

Package

" Product Temperature Range Screening
Number Marking
TDC1016J5CX Tp = 0°C to 70°C Commercial 40 Lead DIP 1018J5CX
TDC1016J56X Tp = 0°C 10 70°C Commercial With Burn-In 40 Lead Dip 1016J56X
TOC1016J5FX TC = -55°C to 125°C Commercial 40 Lead Dip 1018J5FX
TOC1016J5AX Tg = -55°C t0 125°C MIL-STD-883 40 Lead Dip 1018J5AX
TDC1016J7CX Ty = 0°C to 70°C Commercial 24 Lead DIP 101847CX
TOC1016J76X Tp = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 1016J7GX
TOC1016J7FX Te = -55°C to 125°C Commercial 24 Lead DIP 1016J7FX
TOC1016J7AX Tg = -55°C to 125°C MiL-STD-883 24 Lead DIP 1016J7AX
TDC1016B7CX Tp = 0°C to 70°C Commercial 24 Lead CERDIP 101887CX
TOC1016B7GX Tp = 0°C to 70°C Commercial With Burn-In 24 Lead CERDIP 101687GX
TDC1016C2CX Tp = 0°C to 70°C Commercial 44 Contact Chip Carrier 1016C2CX
TOC1016C2GX Tp = 0°C to 70°C Commercial With Burn-In 44 Contact Chip Carrier 1016C26X
TDC1016C2FX Tp = -55°C 10 125°C Commercial 44 Contact Chip Carrier 1016C2FX
TDC1016C2AX Tg = -55°C to 125°C MIL-STD-883 44 Contact Chip Carrier 1016C2AX

Note: “X” in part and mark number indicates grade. All TOC1016 devices are available in three grades. Grade “8" is for 8-bit linearity, grade “9" for 9-bit
linearity, and grade “10" for 10-bit linearity. The B-bit version of the B7 ICERDIP) package does not have “-8" marking.

TRW reserves the right to change products and specifications without notice. This information does not convey any license under patent rights of TRW (nc. or

others.
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TRW Electronic Components Group

138




140

LS| Products Division
TRW Electronic Components Group



TDC1018 EmpE m

Preliminary Information

D/IA Converter
8-bit, 126MSPS

The TRW TDC1018 is a 125 MegaSample Per Second (MSPS), o Registered Data And Video Controls
8-bit digital -to-analog converter, clapahle of directly driving a e Differential Current Outputs
75 Ohm luaq t0 .standard \_/ldeu leve 5. Mpst apphcatmn§ 1eqUIre o \ideo Controls: SYNC, BLANK, BRight, Force High
no extra registering, buffering, or deglitching. Four special level .
controls make the device iceal for video applications. All data ~ © Inherently Low Glitch Energy
and contral inputs are ECL compatible. e ECL Compatible

o ) " ‘ o Multiplying Made Capability
The TDC1018 is built with TRW's }UMICHUN—B M 1-micron o Power Dissipation << 940mW
bipolar pracess. On~chip data registers and precise matching o Available In 24 Lead DIP Pack
of propagation delays make the TDC1018 inherently Available In 24 Lea ackage

low~glitching. The TDC1018 offers high performance, low e Single -5.2V Power Supply
power consumption, and video compatibility in a 24 lead DIP L.
package. Applications
o RGB Graphics
eatures
F ) o High Resolution Video
© “Graphics -Ready o Raster Graphic Displays
® 126MSPS Conversion Rate o Digital Synthesizers
* 8-Bi o o Automated Test Fquipment
* 112 L3B Linearity @ Digital Transmitters/Modulators

® Power Supply Noise Rejection > 50dB

Functional Block Diagram
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LSI Products Division Phone: (619) 457-1000 ©TRW Inc. 1984
TRW Electronic Companents Graup Telex: 687-957 40601211 Rev. C-1/84
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

LRy
8
4

> 0UT+
CONTROL CURRENT
LoGIC :> REGISTER :> SWITCHES g

FH, BLANK
BRT, — A
SYNC
2 REFERENCE
CONv, CONV 7 B g}i{}gi’;‘

S A e B
A

* * * N\ /K /K

Veeo  Donp Veea Acnp REF+ REF- COMP
Pin Assignments
pg 1(@ [~ 124 Dy
Dg 2 123 D3
D; 3 122 Dy
Dg 4 121 Dy
Vegp & 020 Vega
CONV 6 119 OUT+
CONV 7 118 OUT-
FT 8 n17 AGND
Dgnp 9 ) 16 COMP
FH 10 115 REF+
BLANK 11 114 REF-
BRT 12 { 13 SYNC

24 Lead DIP - J7 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 synchranous 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 OC control.

The TDC1018 uses a segmented approach in which the four
MSBs of the input data are decoded into a parallel
“Thermometer” code, which drives fifteen identical current
sinks to produce sixteen coarse output levels. The LSBs of the
input drive four binary-weighted current switches, with a total
contribution of one-sixteenth of full scale. The LSB and MSB
currents are summed to provide 256 analog output levels.

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, VEg and VEgD.
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 Iggp, the current drawn

from the VEgp supply, is Dgnp. The return for IggaA is AGND-
All power and ground pins MUST be connected.

Although the TDC1018 is specified for a nominal supply of
-5.2V, operation from a +5.0V supply is possible provided that
the relative polarities of all voltages are maintained.

Name Function Value J7 Package
VEEA Analog Supply Voltage -5V Pin 20
Veep Digital Supply Voltage -5V Pin §
AgND Analog Ground 0.0V Pin 17
Denp Digital Ground 0.0v Pin 9

LS! Products Division
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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, Ipgr. 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 capacitor
(C) should be connected between COMP and the VEgp 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 if dynamic modulation of the reference
is required.

Name Function Value J7 Package
REF- Reference Current - Input Op-Amp Virtual Ground Pin 14
REF+ Reference Current + nput Op-Amp Virtual Ground Pin 15
comp COMPensation Input Cc Pin 16

Controls

The TDC1018 has four special video control inputs: SYNC,
BLANK, Force High (FH), and BRighT (BRT}, in addition to a
clock FeedThrough contral {FT).. All controls are standard ECL
level compatible, and include internal pulldown resistors to
force unused controls to a logic LOW (inactive) state.

Typically the TDC1018 is operated in the synchronous mode,
which assures the highest conversion rate and lowest spurious
output noise. By asserting FT, the input registers are disabled,
allowing data and control changes to asynchronously

feed through to the analog output. Propagation delay from
input change (control or data) to analog output is minimized in
the asynchronous mode of operation.

In the synchronous mode, the video control inputs are
registered by the rising edge of the CONV clock in a manner
similar to the data inputs. The controls, like data, must be
present at the inputs for a setup time of 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
hecome the limiting factor.

Asserting the video controls produces various output levels
which are used for frame synchronization, horizontal blanking,
etc., as described in video system standards such as RS-170
and RS-343A. The effect of the video controls on the analog
outputs is shown in Table 1. Special internal logic governs the
interaction of these controls to simplify their use in video
applications. BLANK, SYNC, and Force High override the data
inputs. SYNC overrides all other inputs, and produces full
negative video output. Force High drives the internal digital
data to full scale, giving a reference white video level output.
The BRT control creates a “whiter than white” level by adding
10% of the full scale value to the present output level, and is
especially useful in graphics displays for highlighting cursors,
warning messages, or menus. For non-video applications, the
special controls can be left unconnected.

Name Function Value J7 Package
FT Register FeedThrough Control ECL Pin 8
FH Data Force High Control ECL Pin 10
BLANK Video BLANK Input ECL Pin 11
BRT Video BRighT Input ECL Pin 12
SYNC Video SYNC Input ECL Pin 13
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Data Inputs

Data inputs to the TOC1018 are standard single-ended ECL
level compatible. Internal pulldown resistors force unconnected
data inputs to logic LOW. Input registers are provided for
synchronous data entry and lowest differential data propagation
delay (skew), which minimizes glitching.

In the registered mode, valid data must be present at the
input a setup time tg (ns) before, and a hold time 1y (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
by Data Bit 1 {(MSB) ECL Pin 21
D, ECL Pin 22
D3 ECL Pin 23
0y ECL Pin 24
Dg ECL Pin 1
Dg ECL Pin 2
0y ECL Pin 3
Dg Data Bit 8 (LSB) ECL Pin &

Convert

CONVert {CONV) is a differential ECL compatible clock input
whose rising edge synchronizes data and contral 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 (Vgpl. 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
CONV CONVert Clock Input ECL Pin 6
CONV CONVert Clock Input, Complement ECL Pin 7

Analog Outputs

The two analog outputs of the TDC1018 are high-impedance
complementary current sinks which vary in proportion to the
input data, controls, and reference current values. The outputs
are capable of directly driving a dual 75 Ohm load to standard
video levels. The output voltage will be the product of the

output current and effective load impedance, and will usually
be between 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
QUT+ is also DC shifted and inverted, or “sync up.”

Name Function Value J7 Package
our-- Output Current - Current Sink Pin 18
QuT+ QOutput Current + Current Sink Pin 19

LS! Products Division
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Figure 1. Timing Diagram
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Figure 2. CONVert, CONVert Switching Levels
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Figure 4. Equivalent Output Circuit
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Figure 5. Standard Load Configuration
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.
Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltages

VEED ( | to DGND) -17.0 to 05V
Vg d to Agyp! -17.0 to 05V
Agnp (measured to Dgyp! -05 to 08V
Input Voltages
CONV, Data, and Controls (measured to Dgyp) Vgep 10 05V
Reference input, applied voltage (measured to Agyp)?
REF+ VEgp to 08V
REF- . VEgp to 05V
Reference input, applied current, externally forced 3.4
REF+ 6.0mA
REF- 05mA
Output
Analog output, applied voltage (measured to Agyp)
ouT+ -20 to +2.0V
ouT- -20 to +2.0V
Analog output, applied current, externally forced %4
ouT+ 50mA
ouT- 50mA
Short circuit durati Unlimited sec
Temperature
Operating, ambient ; -60 to +140°C
" junction ) +175°C
Lead, soldering (10 ds) . +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
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Operating conditions

Temperature Range
. Standard

Parameter Min Nom Max Units
Veen Digital Supply Voltage (measured to Dgyp) -49 -52 -55 v
Veea Analog Supply Voltage (measured to Agnp) -49 -52 -55 v
VagnD Analog Ground Voltage (measured to Dgyp) -0.1 00 +0.1 v
Veea-Vegp  Supply Voltage Differential -01 0.0 +0.1 v
Vicm CONV (nput Voltage, Common Mode Range (Figure 2} -05 -25 v
Vioe CONV Input Voitage, Differential (Figure 2) 04 12 v
WL CONV Pulse Width, LOW 4 ns
tPWH CONV Pulse Width, HIGH 4 ns
tg Setup Time, Data and Controls 5 ns
ty Hold Time, Data and Controls 0 ns
ViL Input Voltage, Logic LOW -143 v
Vin Input Voltage, Logic HIGH -1.045 v
IRer Reference Current Video standard output fevels ! 1.059 1.115 un mA

8-bit finearity 10 13 mA
Cc Compensation Capacitor 2000 3900 pF
T2 Ambient Temperature, Still Air 0 10 °C

Note:
1. Minimum and Maximum values allowed by +5% variation given in RS343A and BS170 after initial gain correction of device.

Electrical characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
leea+leep  Supply Current Vega = Vgep - MAX, static’

Ty = 0°C to 70°C 170 mA

Tp = 70°C 130 mA
CRer Equivalent Input Capacitance, REF+, REF- 5 pF
Cy Input Capacitance, Data and Controis . 5 pF
Vace Compliance Voltage, + Output -12 +15 v
Vacn Compliance Voltage, - Output -12 +15 v
Ry Equivalent Output Resistance 20 kOhms
Co Equivalent Qutput Capacitance 20 pF
lop Max Current, + Output VEga = NOM, SYNC - BLANK = 0, FH = BRT = 1 30 mA
loN Max Current, - Qutput VEga = NOM, SYNC - 1 30 mA
’M. Input Current, Logic LOW, Data and Controls VEgp = MAX, Vj = -1.40V 200 A
[ Input Current, Logic HIGH, Data and Controls Vegp = MAX, Vj = ~1.00V 200 A
he Input Current, Convert Vegp = MAX, -25V < V) < -0V 50 MA
Note:

1. Worst case over all data and contral states.

LSI Products Division
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Switching characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Fs Maximum Conversion Rate Veea Vegp = MIN 125 MSPS
tosc Clock to Output Delay, Clocked Mode Veea Veep = MIN FT =0 B ns
toggr  Data to Output Delay, Transparent Mode Veea Vegp = MIN, FT =1 13 ns
tg) Current Settling Time, Clocked Mode Veea Vegp = MIN FT = D

0.2% 10 ns

08% 8 ns

32% 5 ns
tal Rise Time, Current 10% to 90% of Gray Scale 17 ns

System performance characteristics within specified operating conditions
m

Temperature Range
Standard

Parameter , Test Conditions Min Max Units
Eyy  Linearity Error Integral, Terminal Based | Vgga, Vegp. 'per = NOM +0.2 % of Gray Scale
Eyp Linearity Error Ditferential Veea. Veeo Irer = NOM Lol 402 % of Gray Scale
lgr  Output Offset Current Veea. Veeg = MAX, SYNC = BLANK = 0, FH = BRT = 1 10 A
Eg  Absolute Gain Error Veea Veep = MIN, Ipge = NOM +5 % of Gray Scale
TC;  Gain Error Tempco +0.024 % of Gray Scale/°C
BWR  Reference Bandwidth, -3dB Cc = MIN 1 MHz
DP  Differential Phase 4 x NTSC 10 Degrees
DG Differential Gain 4 x NTSC 20 %
PSRR  Power Supply Reection Ratio Veea Ve, 'Rep = NOM! 4 dB

' Veea. Veep. 'rer = NOM? 55 d8
PSS Power Supply Sensitivity Veea Veeo: Irer = NOM 120 UAN
Gp  Peak Giitch Charge Registered Mode 34 800 fCoulomb
G Peak Glitch Current Registered Mode 12 mA
Gg Peak Glitch “Energy” (Area} Registered Mode ? ki pV-Sec
Fg  Feedthrough Clock Data - Constant® -50 dB
FTp  Feedthrough Data Clock = Constant® -50 dB
Notes:

150

1. 20KHz, +0.3V ripple superimposed on Ve, Vegp: 8 relative to full gray scale.
2. 60Hz, 0.3V ripple superimposed on Vega, Vepp: dB relative to full gray scale.

3. fCoulombs = microamps x nanoseconds

4. 3758 load. Because glitches tend to be symmetric, average glitch area apbraaches zero.
5. dB relative to full gray scale, 250MHz bandwidth limit.
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Table 1 Video Control Truth Table

Sync | Blank Force High | Bright Data Input | Out- (mA)’ Out- (Vi2 | Out- (IRE) Description 4
1 X X X X 2857 -1.071 . -40 Sync Level
0 1 X X X 2083 -0.781 0 Blank Leve!
0 0 1 1 X 0.00 0.00 10 Enhanced High Level
0 0 1 0 X 185 -0.073 100 Normal High Level
0 0 0 0 000... 1940 -0.728 15 Normal Low Level
0 0 0 0 1. 195 -0.073 100 Normal High Level
0 0 0 1 000... 174 -0.654 15 Enhanced Low Level
0 0 0 1 m.. 0.00 0.00 10 Enhanced High Level
Notes: '
1. Qut+ 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 Ohms). See Figure 5.
3. 140 IRE units = 1.00V.
4. RS-343-A tolerance on all contral values is assumed.

Figure 6. Video Output Waveform for Out— and Standard Load Configuration
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Figure 7. Typical Interface Circuit
- MSB
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CONVert CONV
Ccomp
N —] F1 | R ——
,7— Dgnp
REF+ = ECL TERMINATION
————@— FH V- V+
VIDEO ———— () B REF- .
CONTROLS SYNC REfF = ———
(ECL) ___@_‘ BRT REF = & Rl + R2
V- =~ -1.2V FOR LM113
Parts List
Resistors Integrated Circuits
Rl 1KQ Pot 10 Tun ut TDC1018 DIA Converter
R2 1.00KS2 18W 1% Metal Film
R3 200KQ 18W 1% Metal Film Voltage References
R4 1.00K2 18W 1% Metal Film
VR1 LM113 or LM313 Bandgap Reference
Capacitors
Inductors
C1-C3  0.apF 50V Ceramic disc
c4 0.01uF 50V Ceramic disc 4] Ferrite Bead Shield Inductor
Fair-Rite PIN 2743001112 or Similar
LS! Products Division
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1018J7C STD-Tp = 0°C to 70°C Commercial 24 Lead DIP 1018J7C
TDC1018J7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 1018076

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

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

LSI Products Division
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Multipliers

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 230ns 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 multiplier 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

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 Multipliers

The MPY008H/MPYO08HU (8-bit),
MPYO012H (12-bit), and MPYO016H
(16-bit) devices are fabricated using a
two-micron triple-diffused bipolar
technology.

“K" series Multipliers

The MPY112K (12-bit) and MPYO16K
(16-bit) devices have been developed
for high-speed applications using
TRW'’s OMICRON-B ™ one—micron
triple-diffused bipolar technology. The
MPY 112K 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

adders. The product is rounded and the ~ MPYO16H.
format is adjusted as appropriate,
before entering the product register.
Pawer

Muttiplication  Dissipation
Product Size  Time! (ns) (Watts) Package Notes
MPYO008H 8x8 90 13 Js, C2 Two's complement
MPY008H-1 8x8 65 1.3 Js, C2 Twao's complement
MPY08HU 8x8 90 1.3 Js, €2 Unsigned magnitude
MPY08HU-1 Bx8 65 13 Js, C2 Unsigned magnitude
MPY012H 12x12 115 30 Ji, C1, L, A
MPY112K 12x12 50 2.2 J4 16-Bit product
MPYQ16H 16x16 145 44 J1, C1, L1, R
MPYO016K 16x16 45 40 Ji, €1, 1
MPYO16K-1 16x16 40 40 3, 01, U

Note: 1. Guaranteed, Worst Case, Tp = 0°C to 70°C.
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Multiplier
8 X 8 bit, 65ns
The MPYOO0BH is a high-speed 8 x 8 bit parallel multiplier  Fully TTL Compatible
which operates at a 65 nanosecond cycle time. The e Two's Complement Multiplication

multiplicand and the multiplier are both twao’s complement
numbers, yielding a full-precision 16-bit two’s complement
product.

* Proven, High-Reliability Radiation Hard Bipolar Process
® Single +5V Power Supply

e Available in 40 Lead Ceramic DIP Or 44 Contact Chip
Individually clocked input and output registers are provided to Carrier

maximize system throughput and simplify bus interfacing. These o

registers are positive-edge-triggered D-type flip—flops. The Applications

MPYO08H is built with TRW's 2-micron bipolar process. o Array Processors

Features * Video Processors

® 65ns Multiply Time: MPY0OSH-1 * Radar Signal Processars

® 90 ns Multiply Time: MPYO08H © FFT Processors

* 8 x 8 Bit Parallel Multiplication With 16-Bit Product Outpur ~ © General Digital Signal Processors

o Three-State Outputs ° Microcomputer/Minicomputer Accelerators

Functional Block Diagram
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R
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CLK X L
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RND » (1) <
4 Rp 16
CLK ¥ )—————1 (
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' Ry RL LSPoyr
=7 . o PN Pa-14)
g 8 (8) A 8
CLK P TRIL
g — e ot e 13 e e o |
LSI Products Division Phone: (619) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 697-957 40601335 Rev. A-2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.
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Functional Block Diagram
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Pin Assignments

Ps 1 40 Py
Pg 2 39 P
P; 3 8 P
CLKP 4 37 Py
TRIM 5 36 Pggy (MSP)
TRIL 6 35 Yggn NC 40
(LSP) Pggy 7 n Y {MSP) Pggy 41
Pg 8 B Y, Py 42
Pg 9 32 GND Py 43
Pyp 10 K1 ] P; 44
Py 1 30 Vee Py 1
Py 12 29 Yy P52
Pz 13 28 Yg Pg 3
Pyg 14 21 Yg P 4
X7 15 26 Yy CLKP 5
16 25 RND NC 6
X5 17 2 CLKY
Xg 18 23 CLK X
X3 18 22 XsgN rEeoENREReR
% n X g grossasse
g
=
40 Lead DIP - J5 Package 44 Contact Chip Carrier - C2 Package

LSI Products Division
160 TRW Electronic Components Group



MPY008H

# NPy

Functional Description

General Information

The MPYOO08H has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 8-hit numbers which are to be
multiplied and the instruction which controls the output
rounding. This rounding control is used when a single-word
output is desired. Each input operand is stored independently,
simplifying multiplication by a constant. The asynchronous

multiplier array is a netwark of AND gates and adders,
designed to handle two's complement numbers only. The
output registers hold the product as two 8-bit words, the
Most Significant Praduct (MSP} and the Least Significant
Product (LSP). Three-state output drivers allow the MPY008H
to be used on a bus, or allow the least and most significant
outputs to be multiplexed over the same 8-bit output lines.

Power

The MPYOO08H operates from a single +5 Volt supply. Al
power and ground lines must be connected.

Name Function Value J5 Package C2 Package
Voo Pasitive Supply Votage +5.0V Pin 30 Pin 34
GND Ground 0.0v Pin 32 Pin 36

Data Inputs

The MPY008H has two 8-bit two's complement data inputs,
labeled X and Y. The Most Significant Bits (MSB's), denoted
XsgN and Ysgp, carry the sign information for the two's
complement natation. The remaining bits are denoted X1

through X7 and Yq through Y7 (with X7 and Y7 the Least
Significant Bits). The input and output formats for fractional
two's complement notation, and integer two’s complement
notation are shown in Figures 1 and 2, respectively.

Name Function Value J5 Package C2 Package
XsoN X Data Sign Bit {MSB) ™ Pin 22 Pin 25

X et Pin 21 Pin 24

b it Pin 20 Pin 23

X3 T Pin 18 Pin 22

X m Pin 18 Pin 21

X5 TiL Pin 17 Pin 20

Xg T Pin 16 Pin 19

X3 X Data LSB L . Pin15 Pin 18
Ysen Y Data Sign Bit (MSE) ! Pin 35 Pin 33

Y m Pin 34 Pin 38

Yy L Pin 33 Pin 37

Y3 uit Pin 31 Pin 35

Yy m Pin 28 Pin 33

Yy e Pin 28 Pin 32

Yg TiL Pin 27 Pin 31

Yy Y Data (LSB) m Pin 26 Pin 30
LSI Products Division

TRW Electronic Components Group 161




MPY008H

TRy

Data Outputs

The MPY00BH has a 16-bit two's complement output which is
the product of the two input data values. This output is
divided into two 8-bit output wards, the Most Significant
Praduct (MSP) and Least Significant Product (LSP). The Most
Significant Bit (MSBI 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 twa'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 MPY008H 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) T Pin 3§ Fin 41
Py m Pin 37 Pin 42
Py L Pin 38 Pin 43
Py m Fin 39 Pin 44
Py T Pin 40 Pin 1
Pg m Pin 1 Pin 2
P T Pin 2 Pin 3
Py m Pin 3 Pin 4
PN Product Sign Bit (LSP) s Pin 1 Pin 9
Pg TiL Pin 8 Pin 10
Pq s Pin 9 Pin 11
P T Pin 10 Pin 12
P11 T Pin 1 Pin 13
Py2 T Pin 12 : - Pin 14
P13 T Pin 13 Pin 15
Pis Product LSB T Pin 14 Pin 16

Clocks

The MPYOOBH has three clock lines, one for each of the input
registers -and one for the product register. Data present at the
inputs of these registers are loaded into the registers at the
rising edge of the appropriate clock. The RND input is
registered, and clocked in at the rising edge of the logical OR

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 T Pin 23 Pin 26
CK Y Clock Input Data Y TIL Pin 24 Pin 27
CLK P Clock Product Register T Pin 4 Pin 5

No Connects

The contact chip carrier version of the MPYOOBH has four pins

which are not connected internally. These should be left

unconnected.
Name Function Value J5 Package C2 Package
NC No Connection Open (none} Pins 8, 17, 28, 40

LS| Products Division
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Control

The MPY008H has three control lines:

— oo

g oNxog

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 Control Bit TiL Pin 25 Pin 29
TRIM MSP Three-State Control T Pin 5 Pin 7
TRIL LSP Three-State Control TTL Pin 6 Pin 8
Figure 1. Fractional Two's Complement Notation
BINARY POINT
S
Xsen | *1 X2 | X3 X3 Xs | Xg | X7 | SIGMAL
A 20| 22 23| 24 25| 26| 27 | DG vALLE
Yseu| Yo | Y2 [ Ya | Ya | Ys | Y6 | ¥2 | siona
M) 21| 22| 23| 24| 25| 28 | 27 | oo vawe
Psgn | Py | P2 [ P3 | Pg | Pg | Pg ) P [Psgy] Pg | Pg | Prg | Py | P | Pr3 | Pra | SIGNAL
D |z | 22| 23| A 25| 28| 27 | 20| 28 |28 | 20| 21| 2| 20| 21 | piGiT vALUE
MsP Lsp
Figure 2. Integer Two's Complement Notation
BINARY POINT
(-]
Xsan| %1 | X2 | x| xe | %5 | x5 | x; | sionar
| 5|5 | A]| 3|2 2] 2 |oeTvae
Yseu| Y1 Yy Y3 Ya Y5 Yg Y7 | SIGNAL
2| 8| S| 2| 3| 2] 20| 2 | o vawe
Psgi| P1 | P2 | P3 | Pq | Ps | Pg [ Py |Pggu| Pg [ Pg | Prg| Py | Prg [ Pyg | Pyg | SIGHAL
28 | 13| 12 [ g1 W0 [ B | B 7 2B S| SE A A 2| 2| D | o vae
MsP Lsp
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Figure 3. Timing Diagram
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Application Notes

Multiplication By A Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the selected
register not be loaded again until @ new constant is desired.

The multiply cycle then consists of loading new data and
strobing the output register.

Selection Of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the MPYO08H does not differentiate between this
operation:

6x2=12
and this operation;

(6/8) x (2/8)=12/64.

The difference lies only in constant scale factors (in this case,
a factor of B in the multiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have
implications for hardware design.

LSI Products Division
TRW Electronic Components Group

Because common design practice assigns a fixed value to any
given line (and input and output signals often share the same
line), the scale factors determine the connection of the output
pins of any multiplier in a system. As a result, only two
choices are normally made: integer and fractional notation. f
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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T B S S
Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltage -051c +70 V
Input Voltage -05to +55V
Output
Applied voltage -D5 10 +55v2
Forced current -0.1 to +60mA34
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 is) 300°C
Storage -65 to 150°C
Notes:

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

2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Ve Supply Voltage 475 50 5.25 45 5.0 55 v
thw Clock Pulse Width ] 30 ns
tg Input Register Setup Time 2% 30 ns
ty Input Register Hold Time 0 3 ns
ViL Input Voltage, Logic Low 08 08 v
Viy Input Voltage, Logic High 20 20
lo Qutput Current, Logic Low 40 40 mA
loy Output Current, Logic High -400 -400 UA
Ta Ambient Temperature, Still Air 0 10 °C
Tc Case Temperature -55 +125 °C

LS! Products Division
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Electrical characteristics within specified operating conditions

Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
lgc  Supply Current Ve = MAX, Static! 375 450 mA
Iy Input Current, Logic Low Veg = MAX, V) = 05V

XIN' Y|N, RND -04 -04 mA

CLK X and Y, TRIM, TRIL -10 -10 mA

CK P -20 -20 mA
iy Input Current, Logic High Veg = MAX, V) = 24V

X|N' YlN' RND 75 100 HA

CLK X and Y, TRIM, TRIL 75 100 HA

CLK P 150 200 HA
| Input Current, Max Input Voltage Voo = MAX, V) = 65V 10 10 mA
VgL Output Voltage, Logic Low Vec = MAX, Igp = MAX 05 05 v
Voy  Output Voltage, Logic High Voo = MAX, Iy = MAX 24 24 v
lgzu  Hi-Z Output Leakage Current Voo = MAX, V) = 05V -40 -4 HA
lozq  Hi-Z Output Leakage Current Vg = MAX, V) - 24V 40 40 LA
lpg  Short-Circuit Qutput Current Voo = MAX, one pin to ground, one -50 -5 mA

second duration max, output high

C,  Input Capacitance Tp = 25°C, F = IMM: 15 15 pF
Cg  Output Capacitance Ty = 25°C, F = 1MH: 15 15 pF

Note:
1. All inputs and outputs LOW,

Switching characteristics within specified operating conditions

L

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
typy  Muttiply Time Vg = MIN MPYOOSH-1 8
Veg - MIN MPYOGBH ] 115 ns

1) Output Delay Veg = MIN, Lead 1 4 45 ns
teng  Three-State Qutput Enable Delay Voo = MIN, Load 1 40 L] ns
tpg  Three-State Qutput Disable Delay Vee = MIN, Load 2 40 4 ns

LSI Products Division

TRW Electronic Components Group 167
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Ordering Information

Product - Temperature Range Screening Package Package
Number Marking
MPYOOBHJSC STD-Ty = 0°C to 70°C Commercial ' 40 lead DIP 008HJ5C
MPY008HJSG STD-Ty = 0°C to 70°C Commercial With Burn-In 40 Lead DIP 008HJ5G
MPY008HJSF EXT-Tp = -55°C to 125°C Commercial 40 Lead DIP 008HJSF
MPYDO08HJSA . EXT-Tg = -55°C to 125°C MiL-STD-883 40 Lead DIP 008HJ5A
MPYDD8HJSN EXT-Tp = -55°C to 125°C . Commercial With Burn-In 40 Lead DIP 008HJSN
MPY008HJ5C1 STD-Tp = 0°C to 70°C Commercial 40 Lead DIP 008HJ5CY
MPY008HJSG1 STD-Ty ~ 0°C to 70°C Commercial With Burn-In 40 Lead DIP 008HJ5G1
MPY008HC2C STD-Tp = 0°C to 70°C Commercial 44 Contact Chip Carrier 008HC2C
MPY0D8HC2G STD-Tp = 0°C to 70°C Commercial With Bun—In 44 Contact Chip Carrier 008HC2G
MPY0D0BHC2F EXT-Tg = -55°C to 125°C Commercial 44 Contact Chip Carrier 008HC2F
MPYOO8HC2A EXT-Tp = -55°C to 126°C MIL-STD-883 44 Contact Chip Carrier 008HC2A
MPYOOBHC2ZN EXT-Tp = -55°C to 125°C Commercial With Burn-In 44 Contact Chip Carrier 008HC2N

TRW reserves the right to change products and specifications without natice. This information does not convey any license under patent rights of TRW Inc. or
others.
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High—Speed Parallel Multiplier

8-bit, Gbns
The TRW MPYOBHU is a high-speed 8-bit parallel muitiplier  [ndependent Most Significant Praduct and Least Significant
which operates at a 65 nanosecond cycle time (15MHz Product Outputs

multiplication ratel. The multiplicand and the multiplier are both e Three-State Outputs
unsigned magnitude, yielding a full-precision 16-bit product. o Fully TTL Compatible

Individually clocked input and output registers are provided to ® Unsigned Magnitude Multiplication
maximize system throughput and simplify bus interfacing. These @ Proven, High-Reliability Radiation Hard Bipolar Process
registers are positive-edge-triggered D-type flip-flops. o Single +5V Power Supply

Three-state outputs with separate output enable lines for the o Available In 40 Lead DIP
MSP and the LSP are employed. ¢

Applications
The MPY0BHU is built with TRW's radiation hard 2-micron pp

process, and is the unsigned magnitude version of the industry @ Array Processors

standard MPYOOSH. ® Video Processors

° Radar Signal Processors

® FFT Processors

 General Digital Signal Processors

® Microcomputer/Minicomputer Accelerators

Features

® B5ns Multiply Time: MPY0BHU-1
¢ 90ns Multiply Time: MPY0BHU
e B8 x B Bit Parallel Multiplication With 16-Bit Product Output

Functional Block Diagram

w7 o A
X7-p) @

8 A
\
X2 Rm MSPgut
@ j s (P15—g)
8
\V; FAN
mp >———p] B
i)
16

8 A LsPoyr
® :> (P1_g)
CIK Y )—————| 8

\Y4
ST
-9 8 ®
CIK P TRIL
T ~ ]

LS| Products Division Phone: (619) 457-1000 ©TRW Inc. 1984

TRW Electronic Components Group Telex: 637-957 40600286 Rev. B-2/84

P.0. Box 2472 TWX: §10-335-1571 Printed in the U.S.A.
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Functional Block Diagram

o s ey ko
Xy-g) {8)
8 A
CLK X >—————— ¢
M MSPgyt
® s ¥ Pis-0
\V/ AN
anp >——pf P
i}
:”l LsPoyr
CLK ¥ )—ﬁ A y ~ P10
A\
o s sy L
V-9 o ® A
CIK P TRIL
Pin Assignments
Pyp 1@ 40 Py
Pg 2 33 Ppp
Pg 3 38 Py3
CLKP 4 37 Pg
TRIM § 35 Pqg (MSB)
TRIL 6 35 Y (MsB)
P 7 3 Y
P 8 3 Yy
P; 9 32 GND
Py 10 31 Yy
P3 11 30 Vee
Py 12 2 Yq
P13 28 Yy
(LSB) Py 14 2 v
{LSB) Xg 15 2 Yg (LSB)
Xy 16 25 RAND
Xy 17 24 CIKY
X3 18 23 CLK X
Xg 19 12 Xy (MSB)
X5 20 21 X5

40 Lead DIP - J5 Package

LSI Products Division
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Functional Description

General Information

The MPY08HU has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 8-hit numbers which are to be
multiplied and the instruction which controls the output
rounding. This rounding contral is used when & single-word
output is desired. Each number is stored independently,
simplifying multiplication by a constant. The asynchronous

multiplier array is a network of AND gates and adders,
designed to handle unsigned magnitude numbers. The output
registers hold the product as two 8-bit words, the Most
Significant Praduct (MSP) and the Least Significant Product
(LSP). Three-state output drivers allow the MPY0BHU to be
used on a bus, or allow the outputs to be multiplexed over
the same 8-bit output lines.

Power

The MPYO8HU operates from a single +5 Volt supply.

Name Function Value J5 Package
Ve Positive Supply Voltage +50V Pin 30
GND Ground 0.0V Pin 32

Data Inputs

The MPYOBHU has two data 8-bit unsigned magnitude data
inputs, labeled X and Y. The Mast Significant Bits (MSBs) are
denoted X7 and Y7; the remaining bits are denoted Xg through
Xg and Yp through Yg (with Xg and Yp the Least Significant

Bits). 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
Xz X Data MSB L Pin 22
Xg L Pin 21
X5 m Pin 20
X4 8 Pin 19
Xq m Pin 18
X9 m Pin 17
X m Pin 18
X X Data LSB m Pin 15
Y7 Y Data MSB TIL Pin 35
Yg it Pin 34
Yg m Pin 33
Y m Pin 31
Yy m Pin 29
Yy m Pin 28
Y, m Pin 27
Yo Y Data LSB L Pin 26

LSI Products Division

TRW Electronic Components Group
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Data Outputs

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 B8-bit output words, the Most Significant
Product (MSP) and Least Significant Product (LSP). The Most
Significant Bit IMSB) of the MSP is Product bit Py5. Product

bit P is the Least Significant Bit (LSB). The input and output
formats for fractional unsigned magnitude natation and integer
unsigned magnitude notation are shown in Figures 1 and 2,
respectively.

Name Function Value J5 Package
P15 Product MSB TiL Pin 36
Pya TIL Pin 37
Pia m Pin 38
P2 m Pin 39
P11 m Pin 40
P10 T Pin 1
Pg m Pin 2
Py m Pin 3
Py L Pin 7
P m Pin 8
Py ut Pin 9
Py m Pin 10
Py L Pin 11
Py ut Pin 12
Py ut N K]
Po Product LSB TiL Pin 14

Clocks

The MPY0BHU has three clock lines, one for each of the input
registers and one for the product register. Data present at the

inputs of these registers is loaded into the registers at the
rising edge of the appropriate clock.

Name Function Value J5 Package

CLK X Clock Input Data X I Pin 23

ClKY Clock Input Data Y TiL Pin 24

CLK P Clock Product Register T Pin 4
Contrals
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 control 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-hit
product is desired.

Name Function Value J5 Package
RND Round Contral Bit TiL Pin 25
TRIM MSP Thvee-State Control TiL Pin 5
TRIL LSP Three-State Control TIL Pin 6

172
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Figure 1. Fractional Unsigned Magnitude Notation

BINARY POINT
4

Xy | Xg | X5 | Xg | X3| X2 | X1 | Xg | SIGNAL

21122 23[ 24 | 25] 26( 27| 28| miGIT VALUE

Y7 Y6 |Ys| Ya[Y3|Y2{ Y| Yo]| SIGNAL

2122 23] 2425 28| 27[ 28| miGim vatue

P15 |P1a|P13| P12 | P11|Pro| Py (Pg | P7 | Pg [ P5 | Py | P3 [ P2 | Py Pg [ SIGNAL
2V |22 23] 28| 2526 27| 28| 29|210) 211 212) 213/ 3-18| 15| 2-16] DIGIT VALUE

MSP LsP

Figure 2. Integer Unsigned Magnitude Notation

BINARY POINT
4

Xy 1 Xg | X5 [ Xg { X3 [ X2 [ X1 { Xg | SIGNAL
27|85 A13[22]2(20] DIGIT VALUE

Y7{Ys|Ys|Ys]Ys]| Y2l Y] Yo SIGNAL
212612524 )23] 22| 21]20] DIGIT VALUE

P15 {P1a] P13 P12 P11|Pro| Po | Pa | P7 | Ps [ P5 | Pa | P3| Py | P1| Pp | SIGNAL
215218 213 12 11| 10| 29 | 8 [ 27 | 6 25 28| 23| 22 | 21 { 20 | DIGIT VALUE
Msp LSP

Figure 3. Timing Diagram

ts Fﬂ——— tH—]
—{ Y
INPUT 1

CLOCK :? PW

ouTPUT / ﬁ

CLOCK —j thw

tmpy )( OUTRUT

THREE- STATE F

CONTROL toig —=
t

oUTPUT ENA 1/

HIGH IMPEDANCE \\
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Figure 4. Equivalent Input Circuit

INPUT INPUT
CLK X, Y, P —
Rl = 25K L
A2 = 10K
XN Vi
AND

Figure 5. Equivalent Qutput Circuit

0 Vcc
10092

OUTPUT

Figure 6. Normal Test Load

+Vee
8102
<
T0
OUTPUT >
PIN h 4
40pF Y. 1N3062
| X

LOAD 1

174

Figure 7. Three—State Delay Test Load

10 50082
OUTPUT
PIN

A0pF

LOAD 2
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltage -05 to +7.0v

Input Voltage -05 to +55V
Output ,
Applied voltage | d to Dgyp! -05 to +55VZ
Applied current, externally forced -10 to +6.0mA34
Short~circuit duration (single output in high state to ground) 1 sec.
Temperature
Uperaging, case -55 to +125°C
junction 175°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

Temperature Range :

Standard Extended
Parameter Min Nom Max Min Nom Max Units
Ve Supply Voltage 475 50 5.25 45 50 85 v
trw Clock Pulse Width 25 ) 30 ns
15 Input Setup Time 25 30 ns
tH Input Hold Time 0 3 ns
iL Input Voltage, Logic LOW 08 08
Viy Input Voltage, Logic HIGH 20 . 20 v
loL QOutput Current, Logic LOW 40 40 mA
loH Output Current, Logic HIGH -400 ~400 UA
Ta Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature -85 +125 °C

LS| Products Division
TRW Electronic Components Group 175
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
lgc  Supply Cusrent Vgg - MAX, Static! 375 450 mA
it Input Current, Logic Low Voo = MAX, V) - 0.5V

Xin. Yin. RND -04 -04 mA

CLK X and Y, TRIM, TRIL -10 -10 mA

CLK P -20 -20 mA
Iy Input Current, Logic High Vog = MAX, Vp = 24V

CLK P 150 200 YA

{All others) 75 100 HA
[ Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 1.0 mA
VgL Output Voltage, Logic Low Voo = MIN, 1g = MAX 05 0.5 v
Vgy  Output Voltage, Logic High Voo = MIN, Igy = MAX 24 24 v
lpzu  Hi-Z Output Leakage Current Voo = MAX -40 -40 HA
lgzy  Hi-Z Output Leakage Current Voo = MAX 4 40 LA
lpg  Short-Circuit Qutput Current Vg ~ MAX, One pin to ground, one -50 -50 mA

second duration max, output high

C;  Input Capacitance Tp = 25°C, F = IMH: 10 10 pF
Cp  Output Capacitance Ty = 25°C, F = IMH: 10 10 pF

Note:
1. Static: Al inputs and outputs LOW.

Switching characteristics within specified operating conditions

“““F
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
tmpy  Muttiply Time Voo = MIN MPYOSHU-1 65 ns

Vee = MIN MPYOBHU 90 115 ns
tp Output Delay Voo = MIN, Load 1 40 45 ns
tena  Three-State Output Enable Delay . Voo = MIN, Load 1 L} 45 ns
tpg  Three-State Output Disable Delay Voo = MIN, Load 2 Ly 45 s

LSI Products Division
176 TRW Electronic Components Group
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Application Notes

Multiplication By A Constant

Multipfication by a constant requires that the constant be
loaded into the desired input register, and that the register not
be loaded again until a new constant is desired. The multiply
cycle then consists of loading new data and strobing the
output register.

Selection of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the MPY0BHU does not differentiate hetween this
gperation:

bx2=12
and this operation:

(6/8} x 128) = 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. Because common good
design practice assigns a fixed value to any given line fand
input and output signals often share the same line), the scale
factors determine the connection of the output pins of any
multiplier in a system. As a result, only two choices are
normally made: integer and fractional notation. If integer
notation is used, the Least Significant Bits of the multiplier,
multiplicand, and product all have the same value. If fractional
notation is used, the Most Significant Bits of the multiplier,
multiplicand, and product all have the same value. These
formats are illustrated in detail in Figures 1 and 2.

Ordering Information
Product Temperature Range Screening Package Package
Number Marking
MPY0BHUJSC STD-Tp = 0°C to 70°C Commercial 40 Lead DIP 08HUJSC
MPYD8HUJ5C1 STD-Tp = 0°C to 70°C Commercial 40 Lead DIP 08HUJSC1
MPY08HUJSG STD-Tp = 0°C to 70°C Commercial With Burn-In 40 Lead DIP 08HUJSG
MPYO08HUJ5G1 STD-Tp, ~ 0°C to 70°C Commercial With Burn~In 40 Lead DIP 08HUJSG1
MPYOBHUJSF EXT-Tg = -55°C to 125°C Commercial 40 Lead DIP 08HUJSF
MPYO8HUJSA EXT-Tp = -55°C to 125°C MIL-STD-883 40 Lead DIP 08HUJSA
MPY08HUJSN EXT-Tp = -55°C to 125°C Commercial With Burn-in 40 Lead OIP 08HUJSN

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

athers.
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MPYD12H

Multiplier

12 X 12 bit

The MPY012H is a high—speed 12 x 12 bit parallel multiplier o Two's Complement, Unsigned Magnitude, And Mixed Made
which operates at a 115 nanosecond cycle time (8.7MHz Multiplication

multiplication ratel. The multiplicand and the multiplier may be e proven, High-Reliability Radiation Hard Bipolar Process
independently specified as twa’s complement or unsigned o Single +5V Power Supply

agnitude, vielding a full-precision 24-bit product. . . .
maghituce, yieiding p P e Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier,

Individually clocked input and output registers are provided to 68 Leaded Chip Carrier, Or 64‘ Leaded Flatpack

maximize system throughput and simplify bus interfacing. These
registers are positive—edge -triggered D-type flip-flops. The
MPYO12H is built with TRW's state-of-the-art 2-micron
bipolar process. ® Array Pracessors

° Vlideo Processors

Applications

Features ,
° Radar Signal Processors
o 115ns Multiply Time (Worst Casel o FFT Processors
o 12 x 12 Bit Parallel MUhipliCEIiUn With 24-Bit Product ® General Dlgltal Slgnal Processors
Output

o Microcomputer/Minicomputer Accelerators
o Three-State Outputs P P

e Fully TTL Compatible

Functional Block Diagram

X >—————> (1)
R CLK M TRIM
s
Xyy-p) 12
\4
CLK X Ry MSPoyr
12 2 12 (P23-12
\4 FORMAT A}
m ADJUST
RND - > Ry m
12 :}5, LSPour
CLKY >——‘r-__——1 | 2 Pyy-g)
V JAN
Yin By
Yy1-g) m 02
T L
oY il RS FT CLK L TRIL
LS| Products Division Phane: (619} 457-1000 ©TRW Inc. 1983
TRW Electronic Components Group Telex: 637-957 40G01320 Rev. A-10/83
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.S.A.

La Jolla, CA 92038
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YN AS L4
Functional Block Digram
o >———»
; CLK M TRIM
gy, I T
11- 12
o v
CLK X Ry MSPoyr
12 12 n . P
\V4 FORMAT [\
o ADJUST
RND > "] Pa %
12 35) LSPoyr
CLK ¥ >-—'L————| 2 Pu-¢
\Y4
Yin Ay
D S s—
11-0 " 12
ey g B As FT CIK L TRIL
Pin Assignments
Xg 1 64 Xy X3 1 64 Xg
Xg 2 63 Xg Xg 2 63 Xg
Xip 3 62 Xg X5 3 ™1 62 Xqp
Xy1 4 61 Xg Xy 4 3 61 Xqq
CLKX § 60 X3 X3 5 £160 CLK X
CLKY 6 59 Xy Xp 6 [169 CLK Y
AND 7 58 Xy Xy 7 58 RND
TCX 8 57 Xg Xp 8 57 TCX
Yo 9 5 Py (LSB) isB Py 9 5% Yg
Yy 10 55 Py Py 10 55 Yy
Yo 1 54 Py P 1 51 Yy
Y; 12 53 P, Py 121 53 Y3
Yg 13 52 Py Py 13K 52 Yy
Y5 14 51 Pg Py 14K 51 Yg
Veg 15 50 Pg Pg 5K 50 Vee
Vee 16 M P Py 16 49 Vee
Veg 17 48 Pg Pg 17 48 Vee
Yg 18 47 Py Py 18 ] 147 Yg
Y; 19 % Py Pyp 195 t186 Yy
Yg 20 45 Py Py 20 45 Yg
Yg 21 2 TRIL TRIL 21 M Yg
Yig 2 43 TRIM TAM 2 8 Yo
W a 42 GND GND 23 a2 Yy
TCY 24 41 GND GND 24 41 TCY
(MSB) Py3 25 0 T FT 25 40 Py3 (MSB)
Py 26 33 RS RS 26 39 Py
Py 27 38 CIKL CKL 27 38 Py
Py 28 J7CIKM CLKM 28 37 Py
Pig 28 36 Pyz P 29 136 Prg
Pg 30 35 Py3 P13 30 135 Pyg
Py7 A A Py Pyg 31 34 Py7
Pig 32 8 Pi5 Pi5 32 33 Prg
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64 Lead DIP - JO Package

64 Lead DIP - J1 Package
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Pin Assignments

- QQQ
2B Ffrerref88pronry
ZRBLCRBIIBRIITLET

(MSB) P23 61 4 T1CX

Py B2 42 RND
Py 83 41 ClKY
Py B4 0 CIKX
Pyg 65 39 Xy
Pig 66 8 X
Py &7 37 Xq
Py 68 3 Xg
P15 1 3B Xz
Py 2 # Xg
Py3 3 B Xg
Pz 4 2 X
NC 5 N X3
CLKM 6 W0 X
CIKL 7 23 Xq
RS 8 B X
FT 8 21 NC
SCHIZEEE22RIARIIRE
gggggfffffffffffg
<]

68 Contact Or Leaded Chip Carrier - C1, L1 Package

Pin Assignments

> x
2 - .
BEESSrerrrrrocs
EeRIIUTIRNIEARAYESN '
Yo 88 32 PgLss)
Yy 3N R
Yy 51 30 P
Yy 82 s 2 Py
Yy 53 2 Py
Y5 54 7 P
Vee 55 2% Pg
Ve 59 &R
Vee 57 2 Py
Yg 58 7 Py
Y; 59 2 Py
Yg 60 21 Py
Yg 61 J 20 TRL
Yyg B2 13 TRIM
i 18 GND
TCY B4 17 GND
BEFREEEEEREREZEC
g s °
£

64 Lead Hatpack - F1 Package
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Functional Description

General Information

The MPY012H has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 12-bit numbers which are to be
multiplied and the instruction which controls the output
rounding. This rounding control is used when a single-word
output is desired. Each input operand is stored independently,
simplifying multiplication by a constant. The asynchronous
multiplier array is a network of AND gates and adders,

designed to handle two's complement or unsigned magnitude
numbers. The output registers hold the product as two 12-bit
words, the Most Significant Product (MSP) and the Least
Significant Product (LSP). Three-state output drivers allow the
MPY012H to be used on a bus, or allow the least and most
significant outputs to be multiplexed over the same 12-bit
output lines.

Power

The MPYD12H operates from a single +5 Valt supply. All
power and ground lines must be connected.

Name * Function Value J1 Package C1, L1 Package J0 Package F1 Package
Vee Positive Supply Voltage +5.0V Pins 48, 49, 50 Pins 50, 51, 52 Pins 15, 16, 17 Pins 55, 56, 57
GND Ground 0.0v Pins 23, 24 Pins 10, Pins 41, 42 Pins 17, 18

Control

The MPY012H has seven control lines:

FT A control fine which makes the output register TCX,TCY Control how the device interprets data on the X

transparent if it is HIGH.
TRIM,TRIL  Three-state enable lines for the MSP and the
LSP. The output driver is in the high-impedance
state when TRIM or TRIL is HIGH, and enabled
when the appropriate control is LOW.

RS RS is an output format control. A HIGH level on
RS deletes the sign bit from the LSP and shifts
the MSP down one bit. This is mandatory for
unsigned magnitude, mixed mode, and two's
complement integer aperations.

RND When BND is HIGH, a one is added to the

MSB of the LSP. Note that this bit depends on

the state of the RS control. If RS is LOW when

RND is HIGH, a one will be added to the 2~12

bit (Pqpl. 1f RS is HIGH when RND is HIGH, a

one will be added to the 2= 11 bit (P19). In

either case, the LSP output will reflect this
addition when RND is HIGH. Note also that
rounding always occurs in the positive direction;

in same systems this may introduce a

systematic bias.

182

and Y inputs. A HIGH on TCX or TCY forces
the MPY012H to consider the appropriate input
as a two's complement number, while a LOW
forces the MPY012H to consider the appropriate
input as a magnitude only number.

FT, RS, TRIM and TRIL are not registered. The TCX input is
registered, and clocked in at the rising edge of the X clock
signal, CLK X. The TCY input is also registered, and clocked in
at the rising edge of the Y clack signal, CLK Y. The RND input
is registered, and clocked in at the rising edge of the logical
OR of both CLK X and CLK Y. Special attention to the clock
signals is required if normally HIGH clock signals are used.
Problems with loading these control signals can be avoided by
the use of normally LOW clocks.

LSI Products Division
TRW Electronic Components Group
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Name Function Value J1 Package C1, L1 Package JO Package F1 Package
RND Round Contro! Bit TIL Pin 58 Pin 42 Pn 7 Pin 47
TCX X Input, Two's Complement TIL Pin 57 Pin 43 Pin 8 Pin 48
TCY Y Input, Two's Complement L Pin 41 . Pin 59 Pin 24 Pin 64
T Output Register Feedthough T Pin 25 Pin 9 Pin 40 Pin 16
RS Output Right Shift L Pin 26 Pin 8 Pin 39 Pin 15
TRIM MSP Three-State Control TiL Pin 22 Pin 12 Pin 43 Pin 19
TRIL LSP Three-State Control L Pin 21 Pin 13 Pin 44 Pin 20

Data [nputs

The MPYO012H has two 12-bit two's complement or unsigned the Least Significant Bits). The input and output formats for
magnitude data inputs, labeled X and Y. The Mast Significant fractional twao’s complement, fractional unsigned magnitude,
Bits (MSB'sl, denoted X171 and Y19, carry the sign information fractional mixed mode, integer twa's complement, integer
for the two's complement notation. The remaining bits are unsigned magnitude, and integer mixed mode are shown in
denoted Xg through X1g and Yp through Y1p iwith Xg and Yp  Figures 1-6.

Name Function Value J1 Package C1, L1 Package JO Package F1 Package
M X Data MSB L Pin 61 Pin 39 Pin 4 Pin 44
X10 T Pin 62 Pin 38 Pin 3 Pin 43
Xg T Pin 83 Pin 37 Pin 2 Pin 42
Xg TiL Pin 64 Pin 36 Pin 1 Pin 41
X7 T Pin 1 Pin 35 Pin 64 Pin 40
X TL Pin 2 Pin 34 Pin 83 Pin 39
Xg TTL Pin 3 Pin 33 Pin 62 Pin 38
Xy TIL Pin 4 Pin 32 Pin B) Pin 37
X3 T Pin § Pin 31 Pin 60 Pin 36
X TIL Pin 6 Pin 30 Pin 59 Pin 35
X| TiL Pin 7 Pin 29 Pin 58 Pin 34
Xy X Data LSB L Pin 8 Pin 28 Pin 57 Pin 33
I Y Data MSB TiL Pin 42 Pin 58 Pin 23 Pin 63
Yo TiL Pin 43 Pin 57 Pin 22 Pin 62
Yg T Pin 44 ) Pin 56 Pin 21 Pin B1
Yg TiL Pin 45 Pin 55 Pin 20 Pin 60
Yy TIL Pin 46 Pin 54 Pin 13 Pin 59
g TIL Pin 47 Pin 53 Pin 18 Pin 58
Yg TiL Pin 51 Pin 49 Pin 14 Pin 54
/] T Pin 52 Pin 48 Pin 13 Pin 53
Y3 m Pin 53 Pin 47 Pin 12 Pin 52
/] TiL Pin 54 Pin 46 Pin 1 Pin 51
Yy L Pin 55 Pin 45 Pin 10 Pin 50
Yo Y Data LSB L Pin 56 Pin 44 Pin 8 Pin 43

LSI Products Division
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Data Dutputs

The MPY012H has a 24-bit twa’s complament ar unsigned magnitude, fractional mixed mode, integer two’s complement,
magnitude output which is the product of the two input data integer unsigned magnitude, and integer mixed mode are
values. This output is divided into two 12-bit output words, shown in Figures 1-6. For the MSP and LSP to be read, the
the Most Significant Product (MSP) and Least Significant respective TRIM and TRIL controls must be LOW. RS is an
Product (LSP). The Most Significant Bit {(MSBJ of both the MSP  output format control. A logical “1” on RS deletes the sign bit
and the LSP is the sign bit if fractional two's complement from the LSP and shifts the MSP down one bit. This is
notation is used (TCX=TCY=1, RS=0). The input and output mandatory for unsigned magnitude, mixed mode, or integer
formats for fractional two's complement, fractional unsigned two's complement operation.

Name Function Value J1 Package C1, L1 Package J0 Package F1 Package

Py3 Product MSB T Pin 40 Pin 61 Pin 25 Pin 1

Py T Pin 39 Pin 62 Pin 26 Pin 2

Py it Pin 38 Pin 63 Pin 27 Pin 3

Pap m Pin 37 Pin B4 Pin 28 Pin 4

Pig m Pin 36 Pin 65 Pin 23 Pin 5

Pig m Pin 35 Pin 66 Pin 30 Pin 6

Py ut Pin 34 Pin 67 Pin 31 Pin 7

Pyg T Pin 33 Pin 68 Pin 32 Pin 8

Pis ut Pin 32 Pin 1 -Pin 33 Pin 9

Pia i Pin 31 Pin 2 Pin 3 Pin 10

P13 uit Pin 30 Pin 3 Pin 35 Pin 11

P12 8 Pin 29 Pin 4 Pin 36 Pin 12

2 ut Pin 20 Pin 15 Pin 45 Pin 21

P10 it Pin 19 Pin 16 ' Pin 45 Pin 22

Pg M Pin 18 Pin 17 Pin 47 Pin 23

Pg m Pin 17 Pin 18 Pin 48 Pin 24

Py it Pin 16 ) Pin 19 Pin 49 Pin 25

P it Pin 15 Pin 20 Pin 50 Pin 26

P m Pin 14 Pin 21 Pin 51 Pin 21

Py m Pin 13 Pin 22 Pin 52 Pin 28

Py m Pin 12 Pin 23 Pin 53 Pin 28

Py m Pin 11 Pin 24 Pin 54 Pin 30

Py m Pin 10 Pin 25 Pin 55 Pin 31

Py Product LSB s Pin 9 Pin 26 Pin 55 Pin 32

LSI Products Division
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Clocks

The MPY012H has four clock lines, one for each of the input at the rising edge of the logical OR of both CLK X and CLK Y.
registers and one for each product register. Data and twao's Special attention to the clock signals is required if normally
complement instructions present at the inputs of these HIGH clock signals are used. Problems with loading this control

registers are loaded into the registers at the rising edge of the  signal can be avoided by the use of normally LOW clocks.
appropriate clock. The RND input is registered, and clocked in

Name Function Value J1 Package C1, L1 Package J0 Package F1 Package
ClK X Clock Input Data X TIL Pin 60 Pin 40 Pin 5 Pin 45
CLKY Clock Input Data Y TTL Pin 59 Pin $1 Pin 6 Pin 46
CLK L Clock LSP Register L Pin 27 Pin 7 Pin 38 Pin 14
CLK M Clock MSP Register L Pin 28 Pin 6 Pin 37 Pin 13

No Connects

The contact and leaded chip carrier versions of the MPY012H
have four pins which are not connected internally. These
should be left unconnected.

Name Function Value J1 Package C1, L1 Package JO0 Package F1 Package

NC No Connection Open {none) Pins 5, 14, 27, 60 {none) (none)

LSI Products Division
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Figure 1. Fractional Two's Complement Notation

BINARY POINT

Xyg|X10| Xa [ Xg | X7 | Xg | X5 | Xa | X3 | X2 | X1 | Xg | SIGNAL
021 22] 23| 22| 25| 25| 27| 28| 29 210 11| DiGw vALE

Yy |vigl Yo | Ya | Y7 [ Yo [ Y5 | Yg{Ys| Yy ] Yy] Vg SIGNAL
202122 23| 24| 25| 26| 27| 28| 29 | 210{ 211 DIGIT VALUE

P23|P22P21|P20| P1| P18 | P17| P16 | P15 | P1a| P1a|P12| P11|Pro| Pa | P | Py | P | Ps | Pa | P3| P2 | Py | Po| SIGNAL
0] 21| 22| 23] 28| 25 | 26| 27| 28| 28 [210]211] 20 [212] 213] 2 18] 298] 18] 17 [ 18] 18] 20 [ ;212 22] i vanwe
MSP Lsp

Py3|P22 | P21 | P20 | P19 |P1g | P17 | P1s | P1s | Paa | Pea|Paz2 | P1a|Pao| Pa [ Pa | Py [ Pg | Ps | Py | P3| P2 | Py | Po
0] 21[72]23] 28] 25 28] 27| 28] 29 [210] 211 212] 2132 18| 215 16| 217 ] 218 [ 218 y 20 221 2
MSP LsP

R

DIGIT VALUE

Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT

Xy1[Xio| Xa | Xg | X7 [ X | X5 | Xa | X3 | X2 [ X1 | Xg | SIGNAL
21| 22| 23| 24| 25 28| 27) 28| 29270 211|212 DIGIT VALUE

~

Yor|Yeo| Yo Ys [ Y| Ys|Ys|Ya|Ys|Y2|Y1]Yo[ SioNAL
1| 22) 23| A 125128 27| 28 ) 28| 210) M| 2

-
~

DIGIT VALUE

- | P23|Pzz|P21| P20 | P19 [P1a] P17 | P16 | P1s | Pra [ P13 [ Pa2 | P11 [Pro| Pg | Pa | Py | Pg | Ps | Pa| P3| Pz | P "oJ SIGNAL
22| 23] 28| 25[ 28| 27 28] 29| 210] 10| 12| 213 18] 295] 218 217 298] 218 2 20] 221 2 2] - TZ'I DIGIT VALUE [BS = 1)
MSP LS MANDATORY

>

Figure 3. Fractional Mixed Mode Notation

BINARY POINT

Xyt{X10| Xa [ Xa | X7 | X | X5 | Xa [ X3 | X2 | X1 | Xo | SIGNAL (TWO'S COMPLEMENT)
D2t 22| 23| 24] 25| 28| 27| 28] 29 |210|2

-

1] DIGIT VALUE

Yie{Via| Yo [ Ya | Y7 | Ye | Ys | ¥a | Ya] Y2 | Yo | Yo| SiomaL wisicNED maGNITUDE
7V (22| 23] 28| 28] 28| 27 | 28] 23| 20| 2N |2

p
~

DIGIT VALUE

P73 Pa2| P21 [Pan | P1g | P1g| P17 P16 | P15 | Pra) P13 P12 | P1a| Prof P | Pa | Py [ Pg | P | Pa [P3 [ P2 | P1| Py | SIGNAL
B 21|22 23|28 | 25| 28| 27] 28| 29| 210|211 |2 12] 713 ] 218 | 16| 216] 2 17| 18] 18| s 20 21 |12 23| muer wawue
MsP 5P MANDATORY

[>]
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Figure 4. Integer Two's Complement Notation
BINARY POINT

Xy X1g| Xg | Xa | X7 | X5 | X5 Xa | X3| X2| Xy | Xo | SIGNAL
212100 29 ) 0B [ 271 26 [ 25| 241 23] 22] 21] 20 | DIGIT VALUE

Yig|Yio| Yo | Ya| Y2 | Ys | Y5 | Ya| Ya| Y2 | Y1 | Yo | sichAL
M z"] I8 27 zﬁ 25 A 23 2] 9 20 DIGIT VALUE

P23|Pz2| P21 |P2n|Pig| P18 | P17| P16 | P15|P1a [P1a|Pr2| Pro|Pro| Pg [ P | Py | Pg [ P5 | Pa| P3| P2| Py| Py | SIGNAL
22| a1} 20 ( 18] 28] 217|216 215 | 218 [ 213 ] 12| 11 | 522| p10| 28| 8| 27| 28] 5| 28] 23] 2] 21 [ 20 | mueiT vALuEfRS = o}
MsP Lsp

P23|P22| P21 | P20|P1g|P1g | P17 P16 | P15 | P1a | P13|P12 | P11[P1o| Pg | Pa | P7 | Pg | Ps | Pg | P3| P2} Py| Pg | siGNAL
.223 222 221 220 119 218|217 zlﬁ 2‘5 2“ 213 212 2" 2"] 29 28 27 26 25 24 23 zz 21| 20| e VALUE
MsP LSP

Figure 5. Integer Unsigned Magnitude Notation

BINARY POINT
q

Xq1{X10] Xg | Xg [ X7 | X5 | X5 X3 X[ X)X | SIGNAL
Mg 98760 5]8]23]22]2]0] omrvawe .

2

Y|V Ye|Ys|Y7{Ys [Ys|Ya|Ya|Y2]| Y| Yo SIGNAL
M|210| 9| Bl 7| B)5]|28]2322] 20|20 micimvawue

P23|Pz2| P21{P20|P1g|P1g P17 |P1g | P15 |P1a P13 | P12 |P11|Pio| Pa | Pg | P7 | Pg | P5 [ Pa | P3| P2 | Py | Pg | SIGNAL
223( 22| 921|220 | 19 [ 218 217 | 16| 915 | 14| 13} 12| 11} 10 [ 58 [ 8| 27 [ 6| 25| 28| 23] 22| 21| 20| veir vawe (RS =1]
MSP 1sP MANDATORY

Figure 6. Integer Mixed Mode Notation

BINARY POINT

Fol

Xi{Xio| Xa | Xg | X7 | %5 [ X5 X3 [ Xy | Xy x| sienar (wo's compLEmEND

aM[a10] 9 8|27 |28 5[ 28] 23] 22{ 2|0 oG varue

Yy [Vio| Ys | Ya | Y7 | Ys | Y5 | Ya [ Y3 | Y2| Y1 ] Ya| sionaL cunsicneD macniTuDE
M20( 8] 8157 5] 25]128]18]22]2]20] oigimvarue

P23|Pz2| P21 |P2o |P1g [ P1g | P17 | P16 | P15 |P1a | P13 (P12 | P11 |Pro} Po | Pg | Py [ Pg | Ps | Pa | P3 [ Pa | Py | Py | SIGNAL (TWO'S COMPLEMENT)

2283|5221 521|520 | 19 [ 218 [ 217 { 18| 215 {18 [ 13 | 12| 11| 10| 28 | 8 | 27 [ 28] 25| 28 | 23| 22| 2t | 20 | it vaLuE
MSP LSP MANDATORY
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Figure 7. Timing Diagram
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Figure 8. Timing Diagram, Unclocked Mode
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Figure 9. Equivalent Input Circuit

Vee

INPUT ©

CLKX Y, LM
R1 = 25K
R2 = 10K
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INPUT

Vee

TRIL,
TRIM

Xin: Yine
RND, TCX,
TCY, FT, RS

Figure 10. Equivalent Output Circuit
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V:l-A S 4
2
Figure 11. Normal Test Load Figure 12. Three—State Delay Test Load
+Vee 10 50052 26V
QUTPUT PIN
8102 A0pF
10
OUTPUT PIN
A0gF IN30G2 =
LOAD 2

LOAD 1

Application Notes

Mixed Mode Multiplication

There are several applications in which mixed made
multiplication may be advantageous. For example, inputs to a
digital signal processor are often generated as unsigned
magnitude numbers le.g., data from an analog-to-digital
converter. These numbers are effectively all positive values. In
contrast, filter coefficients must often be negative. As a restlt,
gither the unsigned magnitude data must be converted to

two's complement notation (which requires an additional bit), or
the muttiplier must be capable of mixed mode operation. The
MPY012H provides this capability by independently specifying
the mode of the multiplicand (X) and the multiplier {Y) on the
TCX and TCY pins. No additional circuitry is required and the
resulting product is in two’s complement notation.

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
example, the MPY012H does not differentiate between this
operation:

6x2=12
and this operation:
(618} x (2/8)=12/64.

The difference lies only in constant scale factors {in this case,
a factor of 8 in the multiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have
implications for hardware design.

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
line}, the scale factors determine the connection of the output
pins of any multiplier in a system. As a result, only two
choices are normally made: integer and fractional notation. If
integer notation is used, the Least Significant Bits of the
multiplier, multiplicand, and product all have the same value. If
fractional notation is used, the Most Significant Bits of the
multiplier, multiplicand, and product all have the same value.
These formats are illustrated in detail in Figures 1 through 6.

189




MPY012H

TI%ww

Register Shift (RS) Control
In two's complement notation, the acceptable range of values The MPY012H has a Register Shift (RS} control that permits

for a given waord size is not the same for positive and shifting of the result to provide a correct answer for every
negative numbers. The largest negative number is ane LSB two’'s complement multiplication. When RS is active, the value
larger than the largest positive number. This is true for either of all bits in the MSP is doubled fi.e., shifted left one position),
fractional or integer notation. A problem can arise when the which provides the capability to represent the largest possible
largest representable negative number is multiplied by itself. product. The MSB of the Least Significant Product is changed
This should give a positive number of the same magnitude. from a duplicate of the sign bit to the necessary bit to fill in
However, the largest representable positive number is one LSB  the output word. The effects of this control are illustrated in
less than this value. As a result, this product cannot be Figures 1 and 4. Note that for unsigned magnitude operation,
correctly represented without using one additional output bit. the RS control must be HIGH.

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

190

Supply Voltage -05 to +7.0V
input Voltage -05 to +55V
Output
Applied voltage -05 to +55v?2
Forced current -0 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 conventional current flowing into the device.

LSI Products Division
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Operating conditions

ooy LY-T 4
g ey
T -]
Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units

Vee Supply Voltage 475 50 5.25 45 50 55 )

tow Clack Pulse Width 5 30 ns

tg Input Register Setup Time 5 30 ns

ty Input Register Hold Time 0 Kl ns

ViL Input Voltage, Logic Low 08 08 v

Vi Input Voltage, Logic High 20 20 v

loL Output Current, Logic Low 40 40 mA

loy Output Current, Logic High -400 -400 MA

Ta . Ambient Temperature, Still Air 0 70 °c

Te Case Temperature -55 125 °C

Temperatura Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
lgc  Supply Current Vg = MAX, Static! 700 750 mA
L Input Current, Logic Low Voo = MAX, Vi - 05V
XN Yin. RND, FT -04 -04 mA
TCX, TCY, RS -08 -08 mA
CLK L, M, X, and Y; TRIM, TRIL -10 -10 mA
hy  Input Current, Logic High Voo = MAX, V) = 24V
Xin Yin, BND, FT 75 100 PA
TCX, TCY, RS 75 100 LA
CLK L, M, X, and Y; TRIM, TRIL 15 100 LA
I Input Current, Max Input Voltage Voo = MAX, V) = S5V 10 10 mA
Vgr  Output Voltage, Logic Low Voo = MAX, Ig, ~ MAX 05 05 v
Voy  Output Voltage, Logic High Voo - MAX, Igy ~ MAX 24 24 v
Iz Hi-Z Output Leakage Current Voo = MAX, V| - 05V -40 -40 A
lozy Hi-Z Output Leakage Current Voo = MAX, V| - 24V 40 4 (2
lpg  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 = IMH: 15 15 pF
Cg  Output Capacitance Tp = 25°C, F = 1MHz 15 15 pF
Note:
1. All inputs and outputs LOW.
LSI Products Division
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Switching characteristics within specified operating conditions

Temperature Range

) Standard Extended

Parameter Test Conditions Min Max Min Max Units
tmpy  Multiply Time Vee = MIN 10 115 10 % ns

tyuc  Muttiply Time, Unclocked Ve = MIN 159 185 ns

tp Output Delay Vge = MIN, Load 1 4 45 ns

teya  Three-State Output Enable Delay Voo = MIN, Load 1 4 45 ns

tois Three-State OQutput Disable Delay Vee = MIN, Load 2 4 45 ns

Ordering Information

Product Temperature Range Screening Package ' Package
Number : Marking
MPYD12HJ1C STD-Tp = 0°C to 70°C Commercial B4 Lead DIP 01ZHJ1C
MPYD12HNG STD-Tp, = 0°C to 70°C Commercial with Burn-In 64 Lead DIP D1ZHNIG
MPY012HJTF EXT-Tg = -55°C to 125°C Commercial 64 Lead DIP 012HJIF
MPY012HJ1A EXT-Tp = -55°C to 125°C MIL-STD-883 64 Lead DIP D12HJ1A
MPYD12HJIN EXT-Tp = -55°C to 125°C . Commercial with Burn~In 64 Lead DIP ‘ 012HAIN
MPYQ12HCIF EXT-Tg = -55°C to 125°C Commercial 68 Contact Chip Carrier 012HCIF
MPYOIZHCIA EXT-Tg = -55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 012HC1A
MPYD12HCIN EXT-Tp = -55°C to 125°C Commercial with Burn-In 68 Contact Chip Carrier DIZHCIN
MPYDIZHLIF EXT-Tg = -55°C to 125°C Commercial 68 Leaded Chip Carrier 012HLIF
MPY012HL1A EXT-Tp = -55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 012HL1A
MPYO1ZHLIN EXT-Tp = -55°C to 125°C Commercial with Burn-in 68 Leaded Chip Carrier D1ZHLIN
MPYD12HF1F EXT-Tg = -55°C to 125°C Commercial 64 Lead Flat-Pack 012HFIF
MPY012HF1A EXT-Tg = -55°C to 125°C MIL-STD-883 64 Lead Flat—Pack 012HFA
MPYD12HFIN EXT-Tp = -55°C to 125°C Commercial with Burn—In 64 Lead Fat-Pack 012HFIN
MPY012HL0F EXT-Tg = -55°C to 125°C Commercial 64 Lead DIP 012HJF
MPY012HJ0A EXT-Tp = -85°C to 125°C MIL-STD-883 64 Lead DIP 012HJ0A
MPY012HJON EXT-Tp = -55°C to 125°C Commercial with Burn-In 64 Lead DIP ) 012HION

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.
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Preliminary Information

Multiplier
12 x 12 bit, b0ns

The MPY112K is a video-speed 12 x 12 bit parallel muttiplier
which operates at 0 nanosecond cycle time (20MHz * 12 x 12 Bit Parallel Multiplication With 16-Bit Product
multiplication rate). The multiplicand and the multiplier may be Output
specified together as two’s~complement or unsigned o Fullv TTL C i)
magnitude, yielding a 16-bit result. Mixed—mode operation is uly ompatible
not available on this device. @ Three-State Outputs

® Two's Complement Or Unsigned Magnitude Multiplication
Individually clocked input and output registers are provided to e Proven, High-Reliability Radiation Hard Bipolar Process
maximize system throughput and simplify bus interfacing. These Sinle +5V P Suool
registers are positive-edge-triggered D-type flip~flops. The '”99 OWer Supply )
most significant 16 bits of the product are available at the ® Available In 48 Lead Ceramic DIP
output register. The output is a single three-state port. L.

Applications
Built with TRW's OMICRON-B™ 1-micron. bipolar process, the o Array Processors
MPY112K is similar to the industry standard MPY012H but o Video Processors
operates with more than twice the speed at about }
three-quarters of the power dissipation. The MPY112K is the ~ ® Radar Signal Processors
industry’s first true video—speed 12-bit multiplier. ® FFT Processors

 (eneral Digital Signal Processors
e Microcomputer/Minicomputer Accelerators

Features
® 50ns Multiply Time (Worst Casel

Functional Block Diagram

XiN Rx
Xy9_g) 12)
12 A

CLK X )—-'

FORMAT fp P
ADJUST 12) 273-8

ﬁk

LS| Products Divizion Phone: (619) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 697-957 40600388 Rev. D-~2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the USA.

La Jolta, CA 92038
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Functional Block Diagram

X A
Xy3_g 12)

12 A

CLK X >——-|

FORMAT z> Rp
ADJUST 12) P38
7 16 JAN
A
12
W
Y11-p {12
€ >—{A 1)
TKM > o
Pin Assignments
X1p 11(@ 48 Xg
X1 2 47 Xg
Yo 3 46 Xy
Yy 4 45 Xp
Y 6 4 Xg
Y3 6 a3 Xa
Yy 7 42 X3
Y5 8 41 Xo
Yg 9 0 X
Y7 10 3 X
Yg 1 38 CLK X
Ve 12 37 GND
Vee 13 36 GND
Yg 14 3 Py
Yip 15 U Py
Y11 16 3 Py
TC 17 2 Pyq
CLKM 18 3N Py
OE 19 130 Pyg
Py3 20 29 Ppg
Py 21 28 Pyg
Py 22 2 Prg
Py 23 %6 Py
Pig 24 25 Pqg

48 Lead DIP - J4 Package

LSI Products Division
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Functional Description

General Information

The MPY112K has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 12-bit numbers which are to be
multiplied and the instruction which controls whether the
inputs are to be considered as two's complement or unsigned
magnitude numbers. Each input operand is stored
independently, simplifying multiplication by a constant; however,

since the product and the Y input share 8 common clock, any
constant should be stored in the X register. The asynchronous
multiplier array is @ network of AND gates and adders which
has been designed to handle two's complement or unsigned
magnitude numbers. The output register holds the most
significant 16 bits of the product. Three-state output drivers
allow the MPY112K to be used on a bus.

Power

The MPY112K operates from a single +5 Volt supply. Note
that the maximum voltage for proper operation over the

extended temperature range is 5.25 Valts. All power and
ground lines must be connected.

Name Function Value J4 Package
Voo Positive Supply Voltage +50V Pins 12, 13
GND Ground 0.0v Pins 36, 37

Data Inputs

The MPY112K has twa 12-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits IMSBs), denoted X11 and Y19, carry the sign information
for the two's complement notation. The rest of the bits are

denoted Xg through X1 and Yg through Yqg Iwith Xg and Yq

the Least Significant Bits). The input and output formats for
fractional two's complement notation, fractional unsigned
magnitude notation, integer two's complement notation, and
integer unsigned magnitude notation are shown in Figures 1
through 4, respectively.

Name Function Value J4 Package
X11 X Data MSB i Pin 2
X1 m Pin 1
Xg m Pin 48
Xg it Pin 47
X7 ! Pin 46
Xg s Pin 45
Xg m Pin 84
Xy L Pin 43
X3 . Pin 42
X m Fin 41
X L Pin 40
Xg X Data LSB iy Pin 33

LS! Products Division
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Data Inputs (Cont.)
Name Function Value J4 Package
Yy Y Data MSB m Pin 16
Yy m Pin 15
Yq m Pin 14
Vg T Pin 11
Yy TIL Pin 10
Yg T Pin 9
Y T Pin §
Y m Pin 7
Y3 m Pin
Y, m Pin §
Y m Pin 4
Y Y Data LSB T Pin 3

Data Qutputs

The MPY112K has a 16-bit two's complement or unsigned
magnitude output which is the product of the two input data
values. This output is the most significant 16 bits of the
complete product. The output is truncated to this length, not
rounded. The Most Significant Bit (MSB) of the product is the
sign bit if two's complement notation is used (TC=1). The

input and output formats for fractional two’s complement
notation, fractional unsigned magnitude notation, integer two's
complement notation, and integer unsigned magnitude notation
are shown in Figures 1 through 4, respectively. The output
driver is in the high-impedance state when OF is HIGH, and
enabled when OF is LOW.

Name Function Value J4 Package
Py Product MSB TIiL Pin 20
Py m Pin 21
Py m Pin 22
Py m Pin 23
2 Lt Pin 24
Pig m Pin 25
Py TIL Pin 26
F"; TIL Pin 27
P bt Pin 28
P m Pin 29
Pu TIL Pin 30
Py2 TIL Pin 31
P” TTL Pin 32
Pig m Pin 33
Py T Pin 34
Py m Pin 35
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Clocks

The MPY112K has two clock lines, one for the X input register
and one for both the Y input register and the product register.
Data present at the X input is loaded into the registers at the
rising edge of CLK X. Data present at the Y input, the two's

complement instruction, and the product present at the output
of the asynchronous multiplier array are loaded into the
appropriate registers at the rising edge of CLK M.

Name Function Value J4 Package
CIK X Clock Input Data X TIL Pin 38
CIK M Master Clock T Pin 18

Controls

The MPY112K has two control lines. OF is a three-state
enable line for the output. The output drivers are in the
high-impedance state when OE is HIGH, and enabled when O
is LOW.

The device will interpret data as two’s complement when TC
is HIGH, and as unsigned magnitude when TC is LOW. OE is
not registered. TC is registered and clocked in at the rising
edge of CLK M.

Name Function Value J4 Package
TC Twao's Complement TTL Pin 17
OE Three-State Control TiL Pin 19

LSI Products Division
TRW Electronic Components Group
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Figure 1. Fractional Two's Complement Notation

BINARY POINT

XitfXio| X9 | Xg | X7 | X6 | Xs | Xa | Xa| Xz | X1 | Xg | StGNAL
0 21|22] 23] 28] 25] 26| 27| 28| 29|210|211] iGiT vaLuE

YulYio| Yo [Ya Vs |Ye{Ys|Ya[Ys|Y2|Ys]Ya| siGnaL
V21|22 23] 24 25) 26| 27| 28| 29]210[21] orGIT VALUE

P23|P2z | Py | P2g | P1g | Pra| P17 | P1g | Prs| Pra | P13| Prz| Pry [ Pra| Pg | Pg [ Py | Pg | P | Pa | Py f Py | Py} Py SIGNAL
22|22 { 23] o825 28] 27| 28] 29 [2r0( 711|212l 03] pra] 18] 0 6] p17) 18] 08 520 20| 22| gy wmne
NOT AVAILABLE

Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT

X11[X10| Xg | Xa | X7 | Xg | X5 | X4 [ X3 [ X2 | X1 | Xg ) siGNAL
2V 22| 23] 24 {25] 28] 27] 28| 29 {2102" |22 miGH vALUE

Yo Yo Yo | Ye | Y2 ] Ye | ¥s | Ya Yo ¥ | vs]vo] stona

2V 22| 23| 24 [25] 26| 27|28 | 29 |210] 211212 picaT vALUE

P23 Pz2|P21| P20 | P1g [ Prs| P17 P16 | P15 [Pra|Pr3|Paz| Pra|Pro)| Pa | Pg | Py | Pg [ Ps | Pa| P3| Py | Py| Py sSIGNAL
21| 22|23 28 | 25| 28| 27] 28 | 22 [210] 211 12| 213) 28] 2 15| 216] 7] 18] 18| 20| 321 2| 23 24| mecew vaLue
NOT AVAILABLE

Figure 3. Integer Two's Complement Notation

BINARY POINT

X1 Xyo| Xg | Xa [ Xz [ Xg | Xs| Xa | X3 | X2| Xy | Xg | stowar
M| o[l 8]5] ]3] 2] 2[2] v vawe

Yl Yo | Yal vl vs [ vs L va ] val w2 [ vy ] ¥o | stomar
M2 29| 8| 27| 28| 5| A3 22(21|20] pisiTVAWE

P23| P22 | P21| P20 |Prg| P1a | P17 | Prg | Pis|Pra | Pra)Prz2 | Pir|Pra| Pa | Pa| Py [ Pg [ Ps| Pa| P3| Pz| Py Py SIGNAL
222 221 [ 220219 | 218{ 217 {216 15 {204 { 213 {212 |0 22 210] 22 B | 27| o6 | 5| 2] 23]} 22 2" | 2] ot vare

[=a——— NOT AVARABLE ————|

Figure 4. Integer Unsigned Magnitude Notation

BINARY POINT

Xn|Xip|Xg [ Xa | X7 | X6 [ X5 | Xa | Xa| X2 | X1 | Xg [ SiGNAL
e gf{a]alsls]a]a]2]2 DIGIT VALUE

%

Yo|ve|vs Tva[ Y] ¥s [vs{ va|va| 2| vs | vo| sionar
M0 2] 8a7| B8] 2| B8]2] ]2 oo vawe

P23(P22| P21| P2o | P19 | P1a [ P17 [Pig | P1s [Pra| Paa| Pra | Pra|Pro| Pg | Pa [Py | Pg | Ps | Pa | P3| P2 | Py|Pg| SIGNAL
3] 22| 01 2| 18] 0817 | 16 g1 [ 1a a2 [t | gm0 9 | 8 | 7| 8] 5| 8] 322 ] 2t | ] e vare
[==—— NOT AVAILABLE ————]
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Figure 5. Timing Diagram
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g ——

THREE-STATE ;
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OUTPUT

= 1ENA —>)

HIGH IMPEDANCE

Figure 6. Equivalent Input Circuit

Vee

INPUT © INPUT ©
CLK X, M
Rl = 25K
R2 = 10K
X11-0
Y11-0
= TC

Figure 7. Equivalent Qutput Circuit

N —o Vgg
1009
OUTPUT

Figure 8. Normal Test Load

+Vee
8100
10 ,
QUTPUT O—9 ¢
PIN I
1N3062

40pF

LOAD 1 =
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Figure 9. Three—State Delay Test Load

T0
OUTPUT
PIN

500 7o—z.sv
40pF .[ !

LOAD 2
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T
Absolute maximum ratings {beyond which the device will be damaged) !
Supply Voltage -05 to +7.0v
Input Voltage -05 to +55V
Qutput
Applied voltage -05 to +65v?
Forced current -1.0 to +6.0mA34
Short-circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -55 t0 +125°C
junction 175°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 conventional current flowing into the device.

Operating conditions

m:ﬁmmm
Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vee Supply Voltage 475 50 5.25 45 50 5.25 v
tpw Clock Pulse Width 2% 30 ns
tg Input Setup Time 2% 30 ns
ty Input Hold Time 5 10 ns
Vit Input Voltage, Logic Low 08 08 v
ViH Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 25 mA
lon QOutput Current, Logic High -400 -400 yA
Ta Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature -55 125 °C

200

LSI Products Division
TRW Eectronic Components Group



MPY112K TR0y
g gxoo
Electrical characteristics within specified operating conditions
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
lgc  Supply Current! Vog = MAX, Static 450 550 mA
he tnput Current, Logic Low Voo = MAX, V) - 05V

Data Inputs, TC -0.2 -03 mA

CLK X, OF -06 -0.75 mA

ClK M -12 -15 mA
I Input Current, Logic High Voo = MAX, V) = 24V

Data lnputs, TC 50 50 HA

CLK X, OF 50 50 LA

CLK M 100 100 UA
I 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 Ve = MIN, Igy = MAX 24 24 v
lgzt  Hi-Z Output Leakage Current Vg = MAX, Vp = 05V -40 40 -40 40 MA
lgzy  Hi-Z Output Leakage Current Voo = MAX, V) = 24V -40 40 -40 40 UA
lgs  Short-Circuit Qutput Current Vge = MAX, Output high, one pin to ground, -50 -50 mA

one second duration

G Input Capacitance Tp = 25°C, F = IMHz 15 15 pF
Cp  Output Capacitance Tp = 25°C, F = MKz 15 15 pF
Note:

1. Worst Case: All inputs and outputs LOW.

Switching characteristics within specified operating conditions

e e ey
Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
typy  Multiply Time Voo = MIN 50 55 ns
1p Output Delay Voo = MIN, Load 1 35 45 ns
gy Three—State Qutput Enable Delay Vee = MIN, Load 2 30 45 ns
tp)g  Three-State Output Disable Delay Voo = MIN, Load 2 30 45 ns

LS! Products Division
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Application Notes

Mixed~Mode Multiplication

There are several applications in which it may be advantageous
to perform mixed-mode multiplication. Video data are often
generated as unsigned magnitude numbers {e.g., data from an
analog-to-digital converter.) These numbers are effectively all
positive values. In contrast, filter coefficients must often be
negative. As.a result, either the video data must be converted
to two's complement notation (which requires an additional bit),
or the multiplier must be capable of mixed—mode operation.
The MPY112K can only provide this capability by making the
MSB of the unsigned magnitude number a zero, thus reducing
its precision to eleven bits. No additional circuitry is required.

Multiplication By A Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the register not
be loaded again until a new constant is desired. The multiply
cycle then consists of loading new data and strobing the
output register. Due to the sharing of the CLK M pin by the Y
input register and the output register, all constants should be
kept in the X register.

Selection Of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the MPY112K does not differentiate between this
operation;

6x2=12
and this operation:
{6/8) x (218} = 12/64

The difference lies only in constant scale factors {in this case,
a factor of 8 in the multiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have
implications for hardware design. Because common good
design practice assigns a fixed value to any given line land
input and output signals often share the same line), the scale
factors determine the connection of the output pins of any
multiplier in a system. As a result, only two choices are
normally made: integer and fractional notation. If integer
notation is used, the Least Significant Bits of the multiplier,
multiplicand, and product all have the same value. If fractional
notation is used, the Most Significant Bits of the multiplier,
multiplicand, and product all have the same value. These
formats are illustrated in detail in Figures 1 through 4.

Exceptional Case

The most negative number that can be represented in two's
complement notation is greater in magnitude than the largest
representable positive number by one LSB. This is only a
problem when the full-scale negative number is squared. If
fractional notation is used, this means that (1) x (-1) with
the MPY112K will yield the (incorrect) result (-1). In the
full-precision series of multipliers the correct result can be
obtained by the use of the RS control, which was not included
on the MPY112K due to pin count limitations.

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
MPY112KJ4C STD-Tp = 0°C to 70°C Commercial 48 Lead DIP 112KH4C
MPY112KJ4G STD-Ty = 0°C to 70°C Commercial With Bun-In 48 Lead DIP 112KH46
MPY112KJMF EXT-Tg = -55°C to 125°C Commercial 48 Lead DIP T12KHF
MPY112KJA EXT-Tg = -55°C to 125°C MIL-STD-883 48 Lead DIP 112KH4A
MPY112KMN EXT-Tg = -55°C to 125°C Commercial With Burn-In 48 Lead OIP 112K4N

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

others.

Preliminary Information describes products that are not in full production at the time of printing. Specifications are based on design goals and limited
characterization. They may change without notice. Contact TRW for current information.
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Multiplier
16 X 16 bit, 14bns

The MPY016H is a high-speed 16 x 16 bit parallel multiplier o Three-State Outputs
which operates at a 145 nanosecond cycle time (6.8MHz o Fully TTL Compatible

multiplication rate). The multiplicand and the multiplier may be o Twa's Complement. Unsianed Magnitude. and Mixed Mode
independently specified as two's complement ar unsigned Multipl catiul:1 ' g g !

magnitude, yielding a full precision 32-hit product. i . . .
o Proven, High-Reliability Radiation Hard Bipolar Process

Individually clocked input and output registers are provided to o Single +5V Power Supply

maximize system throughput and simplify bus interfacing. These o Available in 64 Lead Ceramic DIP, 68 Contact Chip Carrier,
registers are positive-edge-triggered D-type flip-flops. The 68 Leaded Chip Carrier, or 64 Leaded Flatpack

Most Significant Product (MSP) has a dedicated output port.

The Least Significant Product (LSP) shares a bidirectional port Applications

with the Y input. Three-state outputs are employed

throughout. The MPY016H is built with TRW's o Array Processars
state-of -the-art 2-micron bipolar process. o Video Processors
° Radar Signal Processars
Features o FFT Processors
@ 145ns Multiply Time (Worst Case) o General Digital Signal Processors
® 16 x 16 Bit Parallel Multiplication With 32-Bit Product e Microcomputer/Minicomputer Accelerators
Output

Functional Block Diagram

w>—>1 )
R CLK M TRIM
X X
N 16
X150 16
\Y4
CLK X BM MSPUUT
6 {16) 6 0 Fare
\Y4 FORMAT A
1)} ADJUST
N\ .
RND > > A 32 .
aoe 16)
CLKY )
\V, FAN
A
YiNLSPgyr Ry
¥159/P15) 7 (16)
TCY (1)
RS FT CLK L TRIL
LS! Products Division Phone: {619) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 697-957 40600285 Rev. E-3/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the USA.

La Jolla, CA 92038
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Functional Block Diagram

X >———{
CLK M TRIM
Rx
Xy
Kos ) {16)
X15.0 16
Zat Vv
CIK X Rm MsPgyt
16 {16) e ‘P
Vv FORMAT A
m ADJUST
RND AR - -
L )
CIK Y >—————— A
V T
Yin/LSPour Ry
Y150/P150 (16)
TCY ]
RS FT CLK L TRIL

Pin Assignments

Pl
@
0~ DU W N -

64 Lead DIP - JO Package
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64 Lead DIP - J1 Package
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Pin Assignments

60 NC
45 CLK L
M CKY

Xq3 61 43 NC
Xqg 62 42 Pp. Yg
X15 83 M P Yy
CLK X 64 40 Py, Y,
RND 65 38 Py Y3
TCX 66 38 Py Yg
TCY 67 37 Ps. Y5
Ve 68 36 Pg, Yg
Vee 1! 35 P Yy
GND 2 34 Py, Yg
GND 3 33 Pg. Yq
GND 4 32 Pyp. Yo
FT 5 31 Pyq. Yqq
RS 6 30 P2, Y12
TRIM 7 29 Pq3, V”
ClKM 8 28 Pya, Y1a
NC 9 21 Pys. Y15

68 Contact Or Leaded Chip Carrier - C1, L1 Package

Pin Assignments

- =
—
RISRACICICICICIC JCIOICICT -5 I
EERIQITIBEFELYIR
L1081 190 0808 03] 8 0 8.8 1 8 8
Xy3 23 5 32 P Yy
X1 50 &2 N PLY
Xi5 51 30 Py Yz
CLK X 52 % 29 Py, Y3
RND 53 B 28 Py Yy
TCX 54 % 27 P Yg
TCY 55 26 Pg, Yg
Veg 56 25 Py, g
Vee 57 24 Pg, Yg
GND 58 P2 23 Pg, Yg
GND 59 %‘ 22 Pyp. Yyp
GND 60 21 Py, Y11
FT 61 % 20 Py Yy2
RS 62 18 Py3, Y13
TRIM 63 18 Py, Yqg
CLK M 64 % 17 Py, Yq5

64 Leaded Flatpack — F1 Package
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Functional Description

General Information

The MPY016H has three functional sections: input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 16-bit numbers which are to be
multiplied and the instruction which controls the output
rounding. This rounding control is used when a single-word
output is desired. Each input operand is stored independently,
simplifying multiplication by a constant. The asynchronous
multiplier array is a network of AND gates and adders,

designed to handle two's complement or unsigned magnitude
numbers. The output registers hold the product as two 16-bit
words, the Most Significant Product (MSP) and the Least
Significant Product (LSP). Three-state output drivers allow the
MPY016H to be used on a bus, or allow the least and most
significant outputs to be multiplexed over the same 16-bit
output lines. The Least Significant Product (LSP) is multiplexed
with the Y input.

Power

The MPY016H operates from a single +5 Volt supply. Al
power and ground lines must be connected.

Name Function Value J1 Package C1, L1 Package J0 Package F1 Package
Vee Positive Supply Voltage +50V Pins 48, 49 Pins 1, 68 Pins 16, 17 Pins 56, 57
GND Ground 00V | Pins 45, 45, 47 Pins 2, 3, 4 Pins 18, 19, 20 Pins 58, 59, 60
Control
The MPY016H has seven control lines:
FT A control line which makes the output register TCX,TCY Control how the device interprets data on the X
transparent if it is HIGH. and Y inputs. A HIGH on TCX or TCY forces
the MPY016H to consider the appropriate input
TRIM,TRIL  Three-state enable lines for the MSP and the as a two's complement number, while a LOW
LSP. The output driver is in the high-impedance forces the MPYD16H to consider the appropriate
state when TRIM or TRIL is HIGH, and enabled input as a magnitude only number.
when the respective contral is LOW.
FT, RS, TRIM and TRIL are not registered. The TCX input is
RS RS is an output format control. A HIGH level on  registered, and clocked in at the rising edge of the X clock
RS deletes the sign bit from the LSP and shifts  signal, CLK X. The TCY input is also registered, and clocked in
the MSP down one bit. This is mandatory for at the rising edge of the Y clock signal, CLK Y. The RND input
unsigned magnitude, mixed mode, and twa's is registered, and clocked in at the rising edge of the logical
complement integer operations. OR of both CLK X and CLK Y. Special attention to the clock
signals is required if normally HIGH clock signals are used.
RND When RND is HIGH, a one is added to the Problems with loading these control signals can be avoided by
MSB of the LSP. Note that this bit depends on  the use of normally LOW clocks.
the state of the RS control. If RS is LOW when
RND is HIGH, a one will be added to the 216
bit (P14l. 1f RS is HIGH when RND is HIGH, a
one will be added to the 2= bit (Pyg. In
either case, the LSP output will reflect this
addition when RND is HIGH. Note also that
rounding always occurs in the positive direction;
in some systems this may introduce a
systematic bias.
LS! Products Division
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Control (Cont)
Name Function Value J1 Package C1, L1 Package JO Package F1 Package
RND Round Control Bit T Pin 52 Pin 65 Pin 13 Pin 53
TCX X Input Two's Complement T Pin 51 Pin €6 Pin 14 Pin 54
TCY Y Input Two's Complement TiL Pin 50 Pin 67 Pin 15 Pin 55
T Output Register Feedthough T Pin 44 Pin 5 Pin 21 Pin 61
RS Output Right Shift T Pin 43 Pin 6 Pin 22 Pin 62
TRIM MSP Three-State Control TIL Pin 42 Pin 7 Pin 23 Pin 63
TRIL LSP Three-State Control L Pin 6 Pin 46 Pin 59 Pin 35

Data Inputs

The MPY016H has two 16-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits (MSBs!, denoted X15 and Y15, carry the sign information

for the two’s complement notation. The remaining bits are

denoted Xg through X14 and Yg through Yq4 Iwith Xg and Yp
the Least Significant Bits). The input and output formats for

fractional two's complement, fractional unsigned magnitude,
integer two's complement and integer unsigned magnitude are
shawn in Figures 1~6. The Y inputs are multiplexed with the
LSP outputs, and hence can only be used when the TRIL
control is in a HIGH state.

Name Function Value J1 Package C1, L1 Package J0 Package F1 Package
X15 X Data MSB TTL Pin 54 Pin 63 Pin 1 Pin 51
X4 m Pin §5 Pin 62 Pin 10 Pin 50
X13 TIL Pin 58 Pin 61 Pin 9 Pin 43
X12 T Pin 57 Pin 59 Pin 8 Pin 48
XN TIiL Pin 58 Pin 58 Pin 7 Pin 47
X10 L Pin 59 Pin 57 Pin & Pin 46
Xg T Pin 60 Pin 56 Pin § Pin 45
Xg TiL Pin 61 Pin 55 Pin 4 Pin 44
X7 TiL Pin 62 Pin 54 Pin 3 Pin 43
Xg T Pin 63 Pin 53 Pin 2 Pin 42
X5 TiL Pin 64 Pin 52 Pin 1 Pin 41
Xs TiL Pin 1 Pin 51 Pin 64 Pin 40
X3 TIL Pin 2 Pin 50 Pin 63 Pin 38
Xy T Pin 3 Pin 49 Pin 62 Pin 38
X TIL Pin 4 Pin 48 Pin 61 Pin 37
Xg X Data LSB L Pin 5 Pin 47 Pin 60 Pin 36
Yi5 Y Data MSB TIL Pin 24 Pin 27 Pin 41 Pin 17
Y T Pin 23 Fin 28 Pin 42 Pin 18
Y13 TiL Pin 22 Pin 28 Pin 43 Pin 19
Y it Pin 21 Pin 30 Pin 84 Pin 20
\2 i Pin 20 Pin 31 Pin 45 Pin 21
Yo L Pin 18 Pin 32 Pin 46 Pin 22
Yq TTL Pin 18 Pin 33 Pin 47 Pin 23
Yg TIL Pin 17 Pin 34 Pin 48 Pin 24
Yy TiL Pin 16 Pin 35 Pin 49 Pin 25
Yg T Pin 15 Pin 36 Pin 50 Pin 26
Y5 TIL Pin 14 Pin 37 Pin 51 Pin 27
Yy L Pin 13 Pin 38 Pin 52 Pin 28
Y3 L Pin 12 Pin 39 Pin 53 Pin 29
Yy T Pin N Pin 40 Pin 54 Pin 30
Yq TIL Pin 10 Pin §1 Pin 55 Pin 31
Yo Y Data LSB TIL Pin 8 Pin 42 Pin 56 Pin 32
LS| Products Division
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Data Outputs

The MPY016H has a 32-bit two's complement or unsigned
magnitude output which is the product of the two input data
values. This output is divided into two 16-bit output words,

the Most Significant Product (MSP) and Least Significant

Product {LSP). The Most Significant Bit IMSB} of both the MSP
and the LSP is the sign bit if fractional two's complement
notation is used {TCX=TCY=1, RS=0}. The input and output
formats for fractional two’s complement, fractional unsigned
magnitude, integer two's complement and integer unsigned

208

magnitude are shown in Figures 1-6. The LSP Output can be
taken from the Y inputs only when TRIL is LOW. Care must
be taken to enable these shared input lines anly at the proper
time. For an output from the MSP lines to be read, the TRIM
control must be low. RS is an output format control. A logical
“1" on RS deletes the sign bit from the LSP and shifts the
MSP down one bit. This is mandatory for unsigned magnitude,
mixed mode, or integer two's complement operation.

Name Function Value J1 Package C1, L1 Package J0 Package F1 Package
P3y Product MSB TTL Pin 40 Pin 10 Pin 25 Pin 1
Psg T Pin 39 Pin 1 Pin 26 Pin 2
Pyg e Pin 38 Pin 12 Pin 21 Pin 3
Pyg T Pin 37 Pin 13 Pin 28 Pin 4
Pyy TiL Pin 36 Pin 14 Pin 29 Pin 5
Pys m Pin 35 Pin 15 Pin 30 Pin 6
Po5 TiL Pin 34 Pin 16 Pin 31 Pin 7
Poy T Pin 33 Pin 17 Pin 32 Pin 8
Py3 T Pin 32 Pin 18 Pin 33 Pin 9
Pyy TiL Pin 31 Pin 19 Pin 34 Pin 10
Py L Pin 30 Pin 20 Pin 35 Pin 11
Pag m Pin 29 Pin 21 Pin 36 Pin 12
Pig 8 Pin 28 Pin 22 Pin 37 Pin 13
Pig 118 Pin 27 Pin 23 Pin 38 Pin 14
P17 T Pin 26 Pin 24 Pin 39 Pin 1
Pig T Pin 25 Pin 25 Pin 40 Pin 16
P15 Tt Pin 24 Pin 27 Pin 41 Pin 17
P1s TIiL Pin 23 Pin 28 Pin 42 Pin 18
P13 m Pin 22 Pin 29 Pin 43 Pin 19
P mm Pin 21 Pin 30 Pin #4 Pin 20
Py m Pin 20 Pin 31 Pin 45 Pin 21
P1o T Pin 19 Pin 32 Pin 46 Pin 22
Pg TiL Pin 18 Pin 33 Pin 47 Pin 23
Pg T Pin 17 Pin 34 Pin 48 Pin 24
Py m Pin 16 Pin 35 Pin 49 Pin 25
Pg T Pin 15 Pin 36 Pin 50 Pin 26
Pg TiL Pin 14 Pin 37 Pin 51 Pin 27
Py Tt Pin 13 Pin 38 Pin 52 Pin 28
Py m Pin 12 Pin 39 Pin 53 Pin 29
Py TIL Pin 11 Pin 40 Fin 54 Pin 30
P T Pin 10 Pin 41 Pin 55 Pin 31
P Product LSB LIS Pin 9 Pin 42 Pin 56 Pin 32
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Clocks

The MPYQ16H has four clack lines, one for each of the input at the rising edge of the logical OR of both CLK X and CLK Y.
registers and one for each product register. Data and twao's Special attention to the clock signals is required if normally
complement instructions present at the inputs of these HIGH clock signals are used. Problems with loading this control

registers are loaded into the registers at the rising edge of the  signal can be avoided by the use of normally LOW clocks.
appropriate clock. The AND input is registered, and clocked in

Name Function Value J1 Package C1, L1 Package JO Package F1 Package
CLK X Clock Input Data X T Pin 53 Pin 64 Pin 12 Pin 52
CLK Y Clock Input Data Y T Pin 8 Pin 44 Pin 57 Pin 33
CiX L Clock LSP Register TIL Pin 7 Pin 45 Pin 58 Pin 34
LK M Clock MSP Register L Pin 4 Pin 8 Pin 24 Pin 64

No Cannects

The chip carrier version of the MPYO16H has four pins which
are not connected internally. These should be left unconnected.

Name Function Value J1 Package C1, L1 Package JO Package F1 Package
NC No Connection Open {none) Pins 9, 26, 43, 60 (none) (none)

LSl Products Division
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vl-'igure 1. Fractional Two's Complement Notation

BINARY POINT

X1 (X4 [¥13 [ ¥12[ %41 [X10( Xo | X | X7 | X6 [ Xs | Xa | X3 X2 { X1 Xg | SIGNAL
01| 22| 23| 24| 25| 28] 27| 28| 29 |210] 211|212 213214215 | DIGIT VALUE

Yis{Yia|YialYa2{ Yir Vo[ Ya | Y| Y2 {Ys | Y5 | Ya| Ya| Y2| Y1 ] Yo | StonNAL
20|21 22| 23| 28| 25( 28| 27( 28| 29 (210[ 211 212{213|214] 215 OIGIT VALUE

P31 P30| P29 | P2a | P2y | Pos | Pos| P2a)|Paa| P22 | Pz1|P20)P1g | P18 |P17| P16 |P1s| P1a | Pra|Prz| P11 |Pro| Pg | P | P7 | Ps | Ps [ Pa [ P3| Pa | Pr | Po| sicnaL
[ 22]23{ 28128 ] 28| 77 { 28| 28 [210] 11212 13] 18] 15 g |16 1| 8] 18 220 ;20| 2] 23] p28 {125 | 328}y 27 2 28| 229 230 mvciy wanwE

P31|P30| P29| P28 | P27 | P2s | P25 | Paa | P23 |P22 | P2t | P20 | P1a | Pg | Pi7 | Pas | Pus | P1a| P13 P12 P11 |Pro[ Pa | Po [ Pr | Ps {Ps [ Pa| P3| Pa| P1} Py
] 22|23 2] 25 28] 27] 28] 28 |20 ] 21| 212| 213] 218 28] 18] 1| 18] 219] y20) 21 322 | 23] 2 28) 125 2 26| 227|728 28| 2 30] vy vALuE
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Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT
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Figure 3. Fractional Mixed Mode Notation
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Figure 4. Integer Two's Complement Notation
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Figure 5. Integer Unsigned Magnitude Notation

BINARY POINT
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Figure 6. Integer Mixed Mode Notation
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I
Figure 7. Timing Diagram
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Figure 11. Normal Test Load
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Application Notes

Mixed Mode Multiplication

There are several applications in which mixed mode
multiplication may be advantageous. For example, inputs to a
digital signal processor are often generated as unsigned
magnitude numbers (e.g., data from an analog-to-digital
converter). These numbers are effectively all positive values. In
contrast, filter coefficients must often be negative. As a result,
either the unsigned magnitude data must be converted to

I N A {4

Figure 12. Three—State Delay Test Load

10 5009 26V
OUTPUT
PIN
A0pF
LOAD 2

two's complement notation {which requires an additional bit), or
the multiplier must be capable of mixed mode operation. The
MPY016H pravides this capability by independently specifying
the mode of the multiplicand (X) and the multiplier (Y) on the
TCX and TCY pins. No additional circuitry is required and the
resulting product is in two's complement notation.

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
example, the MPY016H does not differentiate between this
operation:

6x2=12

and this operation:
{6/8) x (2181=12/64.

The difference lies only in constant scale factors (in this case,
a factor of 8 in the multiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have

LSI Products Division
TRW Electronic Components Group

implications for hardware design. Because common design
practice assigns a fixed value to any given line fand input and
output signals often share the same ling), the scale factors
determine the connection of the output pins of any multiplier
in a system. As a result, only two choices are normally made:
integer and fractional notation. If integer notation is used, the
Least Significant Bits of the multiplier, multiplicand, and
product all have the same value. If fractional notation is used,
the Most Significant Bits of the multiplier, multiplicand, and
product all have the same value. These formats are illustrated
in detail in Figures 1 through 6.
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Register Shift (RS) Control

In two's complement notation, the acceptable range of values
for a given word size is not the same for positive and
negative numbers. The largest negative number is one LSB
larger than the largest positive number. This is true for either
fractional or integer notation. A problem can arise when the
largest representable negative number is multiplied by itself.
This should give a positive number of the same magnitude.
However, the largest representable positive number is one LSB
less than this value. As a result, this product cannot be
correctly represented without using one additional output bit.

The MPY016H has a Register Shift (RS} control that permits
shifting of the result to provide a correct answer for every
two's complement multiplication. When RS is active, the value
of all bits in the MSP is doubled li.e., shifted left one position),
which provides the capability to represent the largest possible
product. The MSB of the Least Significant Product is changed
from a duplicate of the sign bit to the necessary bit to fill in
the output word. The effects of this control are illustrated in
Figures 1 and 4. Note that for unsigned magnitude operation,
the RS control must be HIGH.

Absolute maximum ratings fbeyond which the device will be damaged) '
. ... ]|

Supply Voltage -05 to +7.0V
Input Voltage -05 to +55V
Output

Applied voltage -05 to +55v?

Forced current

-0.1 to +60mA34

Short- circuit duration (single output in high state to ground). 1 sec
Temperature
Operating, case. -85 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 conventional current flowing into the device.

214
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Operating conditions

Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vee Supply Voltage 475 50 5.25 45 50 55 v
tpw  Clock Pulse Width 5 £l ‘ s
tg Input Register Setup Time 25 30 ns
ty Input Register Hold Time 0 3 ns
iL Input Voltage, Logic Low 08 08 v
Vi Input Voltage, Logic High 20 . 20 v
IoL Output Current, Logic Low 40 40 mA
loH Output Current, Logic High -400 ~400 MA
Ta Ambient Temperature, Still Air 0 0 °C
Te Case Temperature -55 125 °C
Electrical characteristics within specified operating conditions
=~ — —_— —_—]
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
I Supply Current Voo = MAX, Static ! 875 1050 mA
L Input Current, Logic Low Voo = MAX, V; - 05V
X|N' YlN' RND, FT ~-04 -04 mA
TCX, TCY, RS -08 -08 mA
CLK L, M, and X; TRIM, TRIL -10 -10 mA
CLK Y -20 -20 mA
m Input Current, Logic High Voo = MAX, V| - 24V '
XlN' YIN' RND, FT 75 100 p,A ‘
TCX, TCY, RS 75 100 A
CLK L, M, and X; TRIM, TRIL 75 100 A
ClKY 100 200 LA
] Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 mA
VoL  Output Voltage, Logic Low Voo = MIN, lgg = MAX 05 05 v
Voy  Output Voltage, Logic High Voo = MIN, Igy = MAX 24 ) 24 v
lpz,  Hi-Z Output Leakage Current Voo = MAX -40 -40 A
lozq  Hi-Z Output Leakage Current Vo = MAX 40 40 UA
lps  Short-Circuit Output Current Ve = MAX, One pin to ground, -50 -50 mA
one second duration max, output high
C Input Capacitance Tp = 25°C, F = IMHz 10 10 pF
Cg  Output Capacitance Ty = 25°C, F = 1MH: 10 10 pF

Note:
1. Worst case: All inputs and outputs LOW.

LS| Preducts Division
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Switching characteristics within specified operating conditions

*““_—
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
tmpy  Muttiply Time, Clocked Veg - MIN 10 145 10 185 ns
tMuc  Multiply Time, Unclocked Voo = MIN 185 230 ns
tp Output Delay Vee = MIN, Load 1 40 45 ns
tgna  Three-State Qutput Enable Delay Voo = MIN, Load 1 a0 4% ns
tplg  Three-State Output Disable Delay Ve = MIN, Load 2 40 45 ns

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
MPYD16HJIC ST0-Tp = 0°C to 70°C Commercial 64 tead DIP DIBHJIC
MPY016HJ1G STD-Tp = 0°C to 70°C Commercial with Burn—In 64 Lead DIP 016HJ1G
MPYOI6HJIF EXT-Tg = -55°C to 125°C Commercial 64 Lead DIP 016HJIF
MPY016HJ1A EXT-Tg = -55°C to 125°C MIL-STD-883 64 Lead DIP D16HJIA
MPYD16HJIN EXT-Tp = -55°C to 125°C Commercial with Burn-In 64 Lead DIP 016HJIN
MPYD16HCTF EXT-Tg = -55°C to 125°C Commercial 68 Contact Chip Carrier O1BHCIF
MPYO16HC1A EXT-Tg = ~55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 016HC1A
MPYQ16HCIN EXT-Tp - -55°C 1o 125°C Commercial with Burn-In 68 Contact Chip Carrier D16HCIN
MPYD16HLIF EXT-Tp = ~55°C to 125°C Commercial 68 Leaded Chip Carrier 016HLIF
MPY016HL1A EXT-Tp =~ ~55°C to 125°C MiL-STD-883 68 Leaded Chip Carrier D16HLIA
MPYQI6HLIN EXT-Tg = -55°C to 125°C Commercial with Burn-In 68 Leaded Chip Carrier O1BHLIN
MPYQ16HFIF EXT-Tp = -55°C to 125°C Commercial 64 Leaded Flatpack 016HFIF
MPY016HF1A EXT-Tg = -55°C to 125°C MIL-STD-883 64 Leaded Flatpack 016HF1A
MPYO1BHFIN EXT-Tp = -55°C to 125°C Commercial with Burn-In 64 Leaded Flatpack 016HFIN
MPY016HJOC STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 016HJ0C
MPYQ16HN0G ST0-Tp, = 0°C to 70°C Commercial with Burn-In 64 Lead DIP 016HJ0G
MPY016HJOF EXT-Tg = -55°C to 125°C Commercial 64 Lead DIP D16HJOF
MPYD18HJOA EXT-Tp = -55°C to 125°C MIL-STD-883 64 Lead DIP 016HJ0A
MPY016HJON EXT-Tg = -55°C to 125°C Commercial with Burn-In 64 Lead DIP 016HJON
MPY016HJ3F EXT-Tp = ~55°C to 125°C Commercial 64 Lead DIP D16HJ3F
MPY016HJIA EXT-Tgp = ~55°C to 125°C MIL-STD-883 64 Lead DIP D16HJ3A
MPYO16HJIN EXT-Tg = -55°C to 125°C Commercial with Burn—In 64 Lead DIP 016HJIN

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.
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Preliminary Information

oy, mme

N AL 44

16 X 16 bit, 40ns

The TRW MPY016K is a video-speed 16 X 16 bit parallel
multiplier which operates at a 40 nanosecond cycle time
(25MHz multiplication rate). The multiplicand and the multiplier
may be independently specified as two's complement or
unsigned magnitude, yielding a full precision 32-hit product.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge-triggered D-type flip-flops. The
Most Significant Product (MSP) and Least Significant Product
(LSP) can be multiplexed through a dedicated output port, or
the LSP can share a bidirectional port with the Y input. Al
outputs are three-state.

Built with TRW's OMICRON-B ™ 1-micron bipolar process,
the MPY016K is pin compatible with the industry standard
MPY016H, and operates with three times the speed at
comparable power dissipation. The MPY016K is the industry's
first true video-speed 16-bit multiplier.

Features

¢ 40ns Multiply Time: MPY016K-1 (Worst Casel
® 45ns Multiply Time: MPY016K (Worst Case)
o Pin Compatible With TRW MPY016H

® 16 X 16 Bit Parallel Multiplication With 32-Bit Output

® Two Least Significant Product Output Modes: Multiplexed
With Most Significant Product Or Multiplexed With Y Input

¢ Qutput Registers Can Be Made Transparent
o Three-State TTL Qutput

e Two's Complement, Unsigned Magnitude, Or Mixed Mode
Multiplication

® Fully TTL Compatible
® Proven High-Reliability Radiation Hard Bipolar Process
® Single +5V Power Supply

e Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or
68 Leaded Chip Carrier

® Available Screened To MIL-STD-883

Applications

® Array Processors

e Video Processors

® Radar Signal Processors

® FFT Processors

e (General Purpose Digital Signal Processors
® Microcomputer/Minicomputer Accelerators

Functional Block Diagram
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CLKM MSEL TRIM
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16
Xy5-9) 16 18} I
A
v MSP
CLKx M :__—-> MSPoyr/LSPqyr
% (16) MUx 5~ ParisPis-o
\Y FORMAT
o >< ADJUST T
RND Rp 2 LSP
™ 15 R
CLKY >———— (16)
v AN
Yn/LSPoyy Ry 7y
(¥15¢/P15.0)
150P150 N7 (16)
oy {1)
RS FT CIKL TRIL
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Functional Block Diagram
TCX >—————p (1) ! —
X Ry CLKM MSEL TRIM
IN
5o ¢> (16 T I
CLK X n\,\/, :/\MSP MSPgyy/LSPyr
1 (16) MUX % ‘ParsPis-g
. A\ FORMAT T
(1} ADJUST
RND > ™ ma 2 Lsp
3 ® AL
CIKY y——y (e)
\Y 4
YINLSPout Ry
150150 (16)
TcY (1)
A AL A
RS FT CLKL TRIL
Pin Assignments
X 1 64 X5
X3 2 63 Xg
X7 3 62 X7 4 ; >
[ =
;‘; : :;;g e S Pren T ooToESE
[-:) 1 ~
TRL & 8 Xig 2RRERERRNER2ISERS
CLKL 7 58 X1
CLKY 8 57 Xy2 Xy3 61 43 Ne
PpYp § 156 Xq3 Xqg B2 42 Y.y
Py 10 55 Xqq Xq5 63 41 Yp.Py
PpYy 11 54 Xp5 CLK X 64 0 YyPy
P3Y3 12 53 CLK X RND 65 39 Y3P3
PaYq 13 52 RND TCX 66 38 Y4.Py
P5.Y5 14 51 TEX ToY &7 37 Yg,Pg
Pg.Yg 15 50 TCY zcc 68 3 Yg.Pg
P2.Y7 18 49 Vee Gl&g ; gi ¥7'P7
Pg.Yg 17 48 Ve oND 8Pg
Pg.Yg 18 47 GND GND 3 33 YgPg
MSEL 4 32 Yy0P1p
Pio.Y10 19 K 46 GND g iy
P11.¥11 20 K 45 MSEL » v"'::"
Pia¥y2 21 & S 84 FT RS 6 12P12
TRIM 7 29 Yi3Py3
P13Yi3 2 [ 43 RS
CLKM 8 28 Yq4.P14
Pia¥s 28 & 1 42 TRIM NC 9 27 YieP
Py5.Y15 24 I 141 CLK M 15715
Po.P1g 25 1 40 Pqy,P
P?P:gzw m”;'],,:z SN pETeeC22ISNIISE
ol ) -— - o o [}
PaPig 21 & 5 3 PygPr3 EEAISESEJDER22 D2
P3,P1g 28 & 4 37 Pag.Pq2 fffssfffffffffff
Pg.Pyg 29 K (4 36 Py7.Pyq )
Pg,P2q 30 & (4 35 Pag.Pyp . .
PePyg 31 & C: 34 Pys.pg B8 Contact or Leaded Chip Carrier - C1, L1 Package
P7.Py3 32 [4 33 Pga.Pg
64. Lead DIP - J1 Package
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Functional Description

General Information

The MPY016K has three functional sections: Input registers, an
asynchronous multiplier array, and output registers. The input
registers store the two 16-bit numbers which are to be
multiplied and the instruction which controls the output
rounding. The rounding control is used when a single-ward
output is desired. Each input operand is stored independently,
simplifying multiplication by a constant. The asynchronous
multiplier array is a network of AND gates and adders,

designed to handle two's complement or unsigned magnitude
numbers. The output registers hold the product as two 16-bit
words, the Most Significant Product (MSP) and the Least
Significant Product (LSP). Three-state output drivers allow the
MPY016K to be used on a bus, or allow the least and most
significant outputs to be multiplexed over the same 16-bit
output lines. The Least Significant Product (LSP) is multiplexed
with the Y input.

Power

The MPY016K operates from a single +5.0V supply. All power
and ground lines must be connected. Note that the device is
pin—compatible with the MPYQ16H, which has an additional

ground pin; this is a control lead in the MPY016K. A ground
on this pin (which must exist in all MPYO16H applications) will
cause the MPY016K to function fike an MPYO16H.

Name Function Value J1 Package C1, L1 Package
Vee Positive Supply Voltage +5.0V Pins 48, 49 Pins 1, 68
GND Ground o.ov Pins 46, 47 Pins 2, 3

Data Inputs

The MPY016K has two 16-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits {MSBsl, denoted Xq5 and Y15, carry the sign information
for the two's complement notation. The remaining bits are
denoted Xp through X14 and Yp through Y14 (with Xp and Yg
the Least Significant Bits). The input and output formats for
fractional two’s complement, fractional unsigned magnitude,

fractional mixed mode, integer two's complement, integer
unsigned magnitude, and integer mixed mode notatien are
shown in Figures 1 through B, respectively. The Y inputs are
multiplexed with the LSP outputs, and hence can only be used
when the TRIL control is in a HIGH state. This is true whether
or not the LSP is also multiplexed out through the MSP output
port.

Name Function Value J1 Package C1, L1 Package
X15 X Data MSB TiL Pin 54 Pin B3
X1 T Pin 55 Pin 62
X13 it Pin 56 Pin 61
X1z T Pin 57 Pin 53
XN L Pin 58 Pin 58
X1 L Pin 59 Pin 57
Xg T Pin 60 Pin 56
Xg ‘ TIL Pin 61 Pin 55
X7 TTL Pin 62 Pin 54
Xg TIL Pin 63 Pin 53
X5 TTL Pin 64 Pin 52
X TTL Pin 1 Pin 51
X3 m Pin 2 Pin 50
Xy T Pin 3 Pin 43
X; TIL Pin 4 Pin 48
Xg X Data LSB T Pin 5 Pin 47

LSI Products Division
TRW Electronic Components Group
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Data Inputs (Cont.)

Name Function Value J1 Package C1, L1 Package
Y15 Y Data MSB m Pin 24 Pin 27
Yia m Pin 23 Pin 28
Y13 m Pin 22 Pin 29
Yy m Pin 21 Pin 30
i m Pin 20 Pin 31
Yo T Pin 19 Pin 32
Yg TTL Pin 18 Pin 33
Yg T Pin 17 Pin 34
Y; L Pin 16 Pin 35
Y6 T Pin 15 Pin 36
Yg T Pin 14 Pin 37
Y unt Pin 13 Pin 38
Y3 mm Pin 12 Pin 39
Yy m Pin 11 Pin 40
Yq T Pin 10 Pin §1
Yo Y Data LSB m Pin 9 Pin 42

Data Outputs

The MPY016K has a 32-bit two’s complement or unsigned
magnitude output which is the product of the two input data
values. This output is divided into two 16-bit output words,
the Most Significant Product (MSP) and Least Significant
Product {LSP). The Most Significant Bit (MSB) of both the MSP
and the LSP is the sign bit if fractional two's complement
notation is used (TCX = TCY = 1, RS = 0). The input and
output formats for fractional twa's complement, fractional
unsigned magnitude, fractional mixed mode, integer two's
complement, integer unsigned magnitude, and integer mixed
mode notation are shown in Figures 1 through 6, respectively.

If MSEL is LOW, the LSP output can be taken from the Y
input pins only when TRIL is LOW. Care must be taken to
enable these shared input lines only at the proper time. If
MSEL is HIGH, the LSP output is made available at the MSP
lines, as well as at the Y input pins. For an output from the
MSP lines to be read, the TRIM control must be active.

RS is an output format control. A HIGH on RS deletes the
sign bit from the LSP and shifts the MSP down one bit. This
is mandatory for unsigned magnitude, mixed mode, or integer
two's complement operation.

Name Function Value J1 Package C1, L1 Package
Paq Product MSB s Pin 40 Pin 10
Pyg m Pin 39 Pin 11
Pyg TIL Pin 38 Pin 12
Pyg m Pin 37 Pin 13
Py m Pin 36 Pin 14
Pog TTL Pin 35 Pin 15
Pos ut Pin 34 Pin 16
Pgy L Pin 33 Pin 17
P23 L Pin 32 Pin 18
Py ! Pin 31 Pin 19
Py it Pin 30 Pin 20
Pyg TIL Pin 29 Pin 21
Pig T Pin 28 Pin 22
P1g TTL Pin 27 Pin 23
Py ut Pin 26 Pin 24
Pig TTL Pin 25 Pin 25

LSI Products Division
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Data Qutputs (Cont)

Name Function Value J1 Package C1, L1 Package
MUXED

Input/Output Input/Output
P15 m Pin 24/Pin 40 Pin 27/Pin 10
Pia I Pin 23/Pin 33 Pin 28/Pin 11
P13 TTL Pin 22/Pin 38 Pin 29/Pin 12
P12 TTL Pin 21/Pin 37 Pin 30/Pin 13
P11 TTL Pin 20/Pin 36 Pin 31/Pin 14
P ! Pin 19/Pin 35 Pin 32/Pin 15
Pg T Pin 18/Pin 34 Pin 33/Pin 16
Pg TiL Pin 17/Pin 33 Pin 34/Pin 17
] TTL Pin 18/Pin 32 Pin 35/Pin 18
P TTL Pin 15/Pin 31 Pin 38/Pin 19
Py T Pin 14{Pin 30 Pin 37/Pin 20
Py TTL Pin 13/Pin 29 Pin 38/Pin 21
Py TTL Pin 12/Pin 28 Pin 39Pin 22
Py TTL Pin 11/Pin 27 Pin 40/Pin 23
P TIL Pin 10/Pin 26 Pin 41/Pin 24
Pg Product LSB TTL Pin 9/Pin 25 Pin 42/Pin 25

Clocks

The MPY016K has four clock lines, one for each input register the logical OR of both CLK X and CLK Y. Special attention to
and one for each preduct register. Data and two's complement  the clock signals is required if normally HIGH clock signals are
instructions present at the inputs of these registers are loaded used. Problems with loading this contral signal can be avoided
inta the registers at the rising edge of the appropriate clock. by the use of normally LOW clocks.

The RND input is registered, clocked in at the rising edge of

Name Function Value J1 Package C1, L1 Package )
CLK X Clock Input Data X TIL Pin 53 Pin 64 :
CLKY Clock Input Data Y L ’ Pin 8 Pin 44 '
ClK L Clock LSP Register TIL Pin 7 Pin 45
CLK M Clock MSP Register TIL Pin 41 Pin 8

LSI Products Division
TRW Electronic Components Group 21
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Controls
The MPY016K has eight control [ines.

FT A control line which makes the output register
transparent if it is HIGH.

TRIM, TRIL  Three-state enable lines for the MSP and the

LSP. The output driver is in the high—-impedance

state when TRIM or TRIL is HIGH, and enabled

when the appropriate control is LOW.

RS RS is an output format contral. A HIGH level on
RS deletes the sign bit from the LSP and shifts
the MSP down one bit. This is mandatory for
unsigned magnitude, mixed mode, and two's
complement integer operations.

RND When RND is HIGH, a one is added to the
MSB of the LSP. Note that this bit depends on
the state of the RS control. If RS is LOW when
RND is HIGH, a one will be added to the 2-16
bit (P14). If RS is HIGH when RND is HIGH, a
one will be added to the 215 bit (P15). In
gither case, the LSP output will reflect this
addition when RND is HIGH. Note also that
rounding always occurs in the positive direction;
in some systems this may introduce a
systematic bias.

TCX, TCY Control how the device interprets data on the X
and Y inputs. A HIGH on TCX or TCY makes

MSEL -MiE—L is an output multiplex control. When the appropriate input a two’s complement input,
MSEL is LOW, the MSP is available to the while a LOW makes the appropriate input a
output three—state drivers at the MSP port, and magnitude only input.
the LSP is available to the output three-state .
drivers at the LSP/Y input port. When MSEL is FT, RS, MSEL, TRIM, and TRIL are not registered. The TCX
HIGH, the LSP is available to both three-state input is registered, and clocked in at the rising edge of the X
drivers and the MSP is not available. clock signal, CLK X. The TCY input is also registered, and

clocked in at the rising edge of the Y clock signal, CLK Y. The
RND input is registered, and clocked in at the rising edge of
the logical OR of both CLK X and CLK Y. Special attention is
required if normally HIGH clock signals are used. Problems
with loading of these control signals can be avoided by the
use of normally LOW clocks.

Name Function Value J1 Package C1, L1 Package

RND Round Control Bit L Pin 52 Pin 65

TCX X Input Two's Complement T Pin 51 Pin 66

TCY Y Input Two's Complement - TIL Pin 50 Pin 67

T Output Register Feedthrough T Pin 44 Pin 5

RS Output Register Shift Tt Pin 43 Pin 6

MSEL Output Select T Pin 45 Pin 4

TRIM MSP Three-State Control T Pin 42 Pin 7

TRIL LSP Three—State Control T Pin 6 Pin 46

No Connects

The contact and leaded chip carrier versions of the MPY016K

have four pins which are not connected internally. These may

be left unconnected.

Name Function Value J1 Package C1, L1 Package
NC No Connection Open {none) Pins 9, 26, 43, 60

LS| Products Division
TRW Electronic Components Group



MPYO016K | TR

Figure 1. Fractional Two's Complement Notation
BINARY POINT

X15|X14 | X13 [X12| X11|Xs0| Xg | Xg [ X7 [ Xg [ X5 | Xg | X3 [ Xz [ X1 | Xp | siGNAL
20| 21| 22| 23| 24| 25] 28| 27| 28 2% 210211212 23| 214|215 | DiGIT VALUE

V15| Y1e| V13| Yiz[ Yuo [Yr0| Yo | Ya | Y2 [ Ye | Y5 | Ya| Y3 | Y2| Y1 | Yo | sicmAt
20|21} 22] 23| 28] 28] 28] 27 28] 28 [210] 21| 212[ 293 214 215 oveir varee

P31|P3 | P29 |Pog | P27 | Pas | P25 | Pas [ P23 | Pz | P2y | Pan| Prg | Pia P17 | Pis | P15 | P1a| P1a| Paz| P11 {Pro| Pa [ Pa| Py | Ps| Ps Py | P3| Pa| Py P | SIGNAL
20| 21| 22| 23] 28] 25| 28| 27| 28 23 |20 | 211|212 210 28] 21 217|218(718] 720 | y21| 72 723|724 [ 28| 28 727 |28 ] 28 [ 730 e L
MsP LsP

P31|P30 | P29 |Pzs | P2z | Pas | Pas | Paa | P3| Pz2 [ P21 | Pan | Pa | Pia | Pi7 | P16 | P1s | P1a| Pas| Pia| Pra | Pro| P | Pg | P | Pg | Ps [Py | P3| Py | Py|Pg )
A2 22] 3] 4] 28] 28] 27] 28| 29 [210] 20 { 202 213 ] 218|156 210 18 18 p 0 21| 22 [ 23 2 25 28 [ 22 | 28 223] 230 i varue
Msp Lsp

Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT

X15| X14| X13| X12| X1 Xio| X9 | Xg | X7 | X5 | X5 | Xa [ Xa| Xa| Xy | Xg | SIGNAL
21 22| 23| 28| 25| 26| 27| 28] 29| 710] 211(212] 713] 214 215] 16| DaciT vaLuE

X a5 [ Yaa [ Yea[ Yoz | Yo|Yoo| Yo | Y | Y7 [Ys | Y5 | Yaf Y3 Y2| Y1 [ Yo | StGNAL '
2V [ 22| 23| 2% | 25( 28| 27| 28| 29 |2M0| 21| 212|213{ 214|215 | 216 DIGIT VALUE

= | P31 {P30 |P2a | Pag | P27 |Pag | P25 | Paa| P23 | P22| P21 | P2g| Pig|P1g | P17 | P16 | P1s|P1a| Pra| P12 | Pro| Pra| Po | Py | Pr | Ps| Ps| Pg [Py | P2 | Py|Po | SIGNAL .
21|22 |23 24 | 25 [ 28] 27| 28 | 28 {210] 11| 22213 210{ 298] 216 [ 217 | 18] 18 y20 | 221 22| 23] 928 225 228 221|228 328 230 291 232 ucT wALuE [Rs = 9]
MSP ISP MANDATORY

Figure 3. Fractional Mixed Mode Notation

BINARY POINT

Xi5{X1a| %13 X12| X11|X10| Xg | Xg [ X7 | X5 | X5 | Xa | X3| X2 | X1 | Xg | SIGNAL (TWO'S COMPLEMENT)
20| 2V [ 22) 23| 24| 25| 28| 27| 28| 29 |270211(212]213{214] 215 | oiGIT vALUE

Vs | Vi [Yea [ vaz | Yor [ vao| Ya | Ya [ Y2 | Y6 [ Y5 | Ya | Ya | Y2 | ¥1] Yo | siomaL whsiGneD macniTuDE)
21| 22| 23] 24| 28] 28| 27 [ 28 28| 210] 211212 [ 213 ] 18 [ 215 18] mueT vaLue

P31| P3| P29 | Pag | P27 | P2 | P25 | Paa | P23| P2z [ P21 | Pan | P1a P18 | P17 | P16 | Pus [ Pra| P13 | P12 [ Pu1|Pro| Po| Pg| Py | Pg | P | Pa| P3| P2 | Py | Pg| siGNAL
7] 22] 23] 281 28| 28] 27| 28[ 298 [210] 211|212 13| 298] 18] 218 [ 17 [ 18| 118 p 20| 21 | 22| 23 328 325 126 | 427 228 [ 228 230 | 331 | maerr vaLUE |as - ||
MsP 1P MANDATORY
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Figure 4. Integer Two's Complement Notation
BINARY POINT

X5 | X1a | X1 | %12 | Xqe|X10] Xa | Xg | %7 | Xs | Xs ] Xa | X3 | X2 | %y | xg | siomac
215 g1 [ 13| g1z{ 1] 010] 8 [ 8|27 [ 28] 25] 28 23] 22| 21| 20| mieiT vaLue

15| Y1a [ Y13| Ys2| Y11| Yi0| Yo | Yo | Y7 [ Y6 | Y5 | Ya | Ya| Y2 [ Ya| Yo [ SiGNAL

215 214|293 (212 [ 11210 29| 28| 27| 26} 25 28| 23| 22| 21| 20 | oiGIT vALUE

P31{Pag | Pog|Pag [ P27 | P2g | P25 | Paa | P23 P22 | P21 |Pan [ P19 | P18 | P17 | P1s | Pis| Pa [ P1a|Paz [ P11 Pro( Po | Pa| Py | Ps | Ps | Paf P3| P2 | Py|Pg| SiGNAL
230] 29| 28] g1 126 | 28 | p2a | 23 22 [ 21| o | g9 | 18] 17 [ 216 | s 30 e[ s [ 22 [ 1t 0] 28 [ 8| 27| 8| 5] 21 23] 2] 21 [ 20| micir e
msP LsP

P31| P30 P29 | P2g| P2z [ P26 | P25 [ Paa | P3| P2z | P21 | Pan | P19 | Prg | P17 [ P16 | P1a| P1a | Pa3 P12 | P11 |Pro| Po [ Pa | Py | Pg | Ps | Pa [ P3| P2 | Prj Po [ siGNaL
231 30| g29] 28| 27 | 526 ( 25 [ j28 | J23 [ 22| 21 [ g0 | 18 | 18| 07| 216 | 15 | gta [ 13 g2 rt ] pt0] S0 [ o8| 27 2625 [ 28 [ 23] 22] 21| 20| oieiw varwe
MsP 15p

Figure 5. Integer Unsigned Magnitude Notation

BINARY POINT

X15| X1} X13 | X12| Xq1{X10| Xa [ Xg | X7 | X5 | X5 [ Xa | X3 | X3 | X1 | Xp | SIGNAL
215218 213 12 911[ 210 53 | 58| 27 [ 26 | 25| 24 [ 23] 52| 21| 20| oer vaLue

X | Y15{Y1a| Ye3 |Ye2|{Y12|Y10| Yo | Y8 | Y2 [ Y6 | Y5 | Ya | Y3 | Y2 | Y1 | Yo | SIGNAL
215|218 213|212 | o1 (210 | 29 (28 | 27| 26 | 25 ) 28| 23 [ 22 | 21| 20 | DIGIT VALUE

— | Pa1| P |P2s| Pzs | P2y |Pag | P25 | P2s | P23 [Pz2| P21 |Pao | P1g [ P18 | P17 | P16 | P15 | P1a| P13 [Pr2 |Py1|Pro| Pa [ Pg [Py | Pg | P5 | Pa | P3| Py | Py Py SIGNAL
231|230 | 528 ] 928 | 527 | 526 | 525 | 228 (223|322 521|220 | 219 218 | 717 | 216 | 18 | 18| 13 | 12| 11510 g3 | 8 | 27| 61 25 | 8| 23] 22| 21| 20| igv varue
MSP ' ISP MANDATORY

Figure 6. Integer Mixed Mode Notation

BINARY POINT

Xi5 ! X1a] X13 | %12 Xp1| %10 | Xa | Xa | X7 [ X5 | X5 [ Xa [ X3{ %5 [ X; | Xg | siomaL rwo's compLemenn
215) 210 13 |12 [ 18| 10| 08 | g8 | o7 | o6 (25| 8| 23] 22| 20 | 20| DiGiT vALLE

X | V15| V1a| Y43 | a2 [ 11| Yio| Yo | Ya | Y7 | Y6 | Y5 | Ya | Y3 | Y2 | Y1 | Yo | sSioMaL wNsiGNED MAGNITUDE)
215( 18] 1312 11| 210] 28 [ o8 | 27| o6 |25 |4 | 3| 22| 21| 0 | OiGim vaLue

- | P31|Pa0|P2s | P28 | P2y |Pos | Pos | Paa [P23| P22 | P2t P20 | P1g|Pug [P17 | Pig | P1s | P1a| P13 | P12 | P11 |Pro| P | Pa [ Po| P | Ps | Pa [ P3| P2 | Py | P | SIGNAL
231|930 | 29| 528 | 927 {926 | 525 | 928 | 523 | 322 521 20 | 18| 18| 17 | 516 | 15 [ 518 | 13 [ 12 [ 11 { 910 28 [ 28 | 27| 26 | 25| 28| 23] 22| 21| 20| oicir vaive
: MsP s . MANDATORY
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Figure 7. Timing Diagram, Non—Multiplexed Output
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Figure 8. Timing Diagram, Unclocked Mode, Non-Multiplexed Output
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Figure 9. Timing Diagram, Multiplexed Output
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Figure 10. Equivalent Input Circuit Figure 11. Equivalent Qutput Circuit
Vec—¢ * Vee * © Vee
1000
INPUT INPUT
CLKX Y, L M
R1 = 25K OUTPUT
R2 = 10K TRIL,
TRIM
Xiy. Yin.
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Application Notes

Mixed Mode Multiplication

There are several applications in which mixed mode
multiplication may be advantageous. For example, inputs to a
digital signal processor are often generated as unsigned
magnitude numbers (e.g., data from an analog-to-digital
converter). These numbers are effectively all positive values. In
contrast, filter coefficients must often be negative. As a result,
either the data must be converted to two's complement

72l

notation {which requires an additional bit}, or the multiplier
must be capable of mixed mode operation. The MPYD16K
provides this capability by independently specifying the mode of
the multiplicand (X) and the multiplier (Y) on the TCX and TCY
pins. No additional circuitry is required and the resulting
product is in two’s complement notation.

Multiplication By A Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the desired
register not be loaded again until a new constant is desired.

The multiply cycle then consists of loading new data and
strobing the output register.

Selection Of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the MPY016K does not differentiate between this
aperation:

6X2=12

and this operation:
(6/8) X (218) = 12/64.

The difference lies in constant scale factors {in this case, a
factor of 8 in the multiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have

implications for hardware design. Because common good
design practice assigns a fixed value to any given line (and
input and output signals often share the same line), the scale
factors determine the connection of the output pins of any
multiplier in a system. As a result, only two choices are
normally made: integer and fractional notation. If integer
notation is used, the Least Significant Bits of the multiplier,
multiplicand, and product all have the same value. If fractional
notation is used, the Most Significant Bits of the multiplier,
multiplicand, and product all have the same value. These
formats are illustrated in detail in Figures 1 through 6.

Register Shift (RS} Control

In two's complement notation, the acceptable range of values
for a given word size is not the same for positive and
negative numbers. The largest negative number is one LSB
larger than the largest positive number. This is true for either
fractional or integer notation. A problem can arise when the
largest representable negative number is multiplied by itself.
This should give a positive number of the same magnitude.
However, the largest representable positive number is one LSB
less than this value. As a result, this product cannat be
correctly represented without using one additional output bit.

LSI Products Division
TRW Electronic Components Group

The MPY016K has a Register Shift (RS) control that permits
shifting of the result to provide a correct answer for every
two's complement multiplication. When RS is active, the value
of all bits in the MSP is doubled (i.e. shifted left one position),
which provides the capability to represent the largest possible
product. The MSB of the Least Significant Product is changed
from a duplicate of the sign bit to the necessary bit to fill in
the output word. The effects of this control are illustrated in
Figures 1 and 4. Note that for unsigned magnitude operation,
the RS control must be HIGH.
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltage -05to +7.0V
Input Voltage ~05 to +55V
Output
Applied voltage -05 to +55v2
Forced current . -0t to +6.0mA34
Short-circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -60 to +140°C
junction 175°C
Lead, soldering (10 ds) 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 conventional current flowing into the device.

Temperature Range
Standard Extended

Parameter Min Nom! Max Min Nom' Max Units
Voc  Supply Voltage 475 5.0 5.25 45 5.0 55 v
tpyy Clock Pulse Width, Low 15 2 2 %5 ns
tpwH Clock Pulse Width, High 15 22 22 25 ns
tg Input Setup Time (MPY016K) 2 25 ns

(MPY016K-1) 20 2 ns
tH Input Hold Time - 0 2 ns
Vi Input Voltage, Logic Low 08 08 v
Viy  Input Voltage, Logic High 20 20 v
lot  Output Current, Logic Low 40 40 mA
lpy  Output Current, Logic High -400 -400 UA
Tpn  Ambient Temperature, Still Air 0 70 °C
Tg Case Temperature -55 +125 °C
Note:

1. Nominal performance at Ve = NOM, Tp = 25°C.

LSI Products Division
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Voo = MAX, Static !
Tp = 0°C to 70°C 875 mA
Ty > 25°C7 850 mA
Tg = -55°C to +125°C 1050 mA
Tg > 3%°C 960 mA
Vee = 5.0V
Tp>25°C 840 mA
Tg>3%°C 920 mA
It Input Current, Logic Low Voo = MAX, V) = 08V
Data inputs, Controls -0.2 -02 mA
Clocks -12 -12 mA
TRIM, TRIL -06 -06 mA
i Input Current, Logic High Voo = MAX, V) = 24V
' Data Inputs, Controls 50 50 HA
Clocks 100 100 UA
TRIM, TRIL 50 50 UA
i 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 Veo = MIN, lgy = MAX 24 24 v
lpzu  Hi-Z Output Leakage Current {non-shared pins) | Vg = MAX, V) = 05V -40 -60 HA
lozq  Hi-Z Output Leakage Current (non-shared pins)| Vop = MAX, V) = 24V 40 60 pPA
lgs  Short Circuit Output Current Vee = MAX, One pin to ground, -4 -50 -4 -50 mA
one second duration, output high.
G Input Capacitance Tp = 25°C, F = IMHz 10 10 pF
Co  Output Capacitance Tp = 25°C, F = M2 10 10 pF
Notes:

1. Worst Case: All inputs and outputs LOW.

2. Part has a negative temperature coefficient, i.e., power consumption falls as temperature increases.

Switching characteristics within specified operating conditions

[ — —=
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
tmc  Muttiply Time, Clocked Vog = MIN (MPYD16K) L 50 ns
Vee = MIN (MPYO16K-1) 40 45 ns
tmuc  Muttiply Time, Unclocked Voo = MIN (MPY016K) 15 85 ns
Vee = MIN (MPYO18K-1) 70 75 ns
tp QOutput Delay Vg = MIN, Load 1 (MPYG16K) ki) 35 ns
Voe = MIN, Load 1 (MPYD1EK-1) ki) 30 ns
tgey  Output Multiplex Select Delay Ve = MIN, Load 1 2 25 ns
tgna  Three-State Output Enable Delay Voo = MIN, Load 1 kil 3 ns
tpig  Three-State Output Disable Delay Vee = MIN, Load 2 kil ks ns

LSI Products Division
TRW Electronic Components Group 229



mma
MPY016K 7wy
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
MPYD16KJIC STD-Tp, = 0°C to 70°C Commercial 64 Lead DIP D1BKJIC
MPYD16KJICT STD-Tp, = 0°C to 70°C Commercial 64 Lead DIP D1BKJIC1
MPYD16KJIG STD-Tp = 0°C to 70°C Commercial With Bun-In 64 Lead DIP 016KJ1G
MPYQ16KJ1G1 STD-Tp = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 016KJ161
MPYD16KJIF EXT-Tp = -55°C to 125°C Commercial 64 Lead DIP D16KJIF
MPYO16KJIF1 EXT-Tp - -55°C to 125°C Commercial 64 Lead DIP D16KJTF1
MPYD16KJ1A EXT-Tp = -55°C to 125°C MIL-STD-883 64 Lead DIP 016KJTA
MPYD16KJ1A1 EXT-Tg = -55°C to 125°C MIL-STD-883 64 Lead DIP DIBKJ1AT
MPYDIEKJIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 64 Lead DIP D1EKJIN
MPYD16KJINT EXT-Tp = -55°C to 125°C Commercial With Burn-In 64 Lead DIP 016KJINT
MPY016KCIF EXT-Tg = -55°C to 125°C Commercial 68 Contact Chip Carrier 016KCIF
MPYDIEKCIA EXT-Tg = -55°C to 125°C MIL-STD-883 88 Contact Chip Carrier 016KC1A
MPY016KCIN EXT-Tg = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 016KCIN
MPYO1EKLIF EXT-Tg = -55°C to 125°C Commercial 68 Leaded Chip Carrier O1BKLIF
MPYD1EKL1A EXT-Tg = -85°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 01BKLIA
MPYD1EKLIN EXT-Tg = -55°C to 125°C Commercial With Burn-In 68 Leaded Chip Carrier 016KLIN

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

others.

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

LSI Products Division
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Multiplier-Accumulators

Multiplier-accumulators perform the
sum of products operation found in
most digital signal processing
algorithms. TRW LSI offers a family
of multiplier-accumulators in a variety
of word sizes (8, 12, 16 bits) and
speeds (100ns to 225ns
multiply-accumulate time).

The multiplier-accumulator is an
extension of the multiplier. The
operation of addition/subtraction has
been included, along with a feedback
path for accumulation and a preload
path for initializing the accumulator.
With the accumulator adder embedded
in the multiplier array, the product and
sum are generated in only slightly more
time than is required to derive the
product alone. Clearing the accumulator
is accomplished simultaneously with
computation of the first product, and
the accumulator may be disabled for
operation as a multiplier. All TRW
multiplier-accumulators are TTL
compatible, and have full precision
outputs (except as noted), plus three
extended bits.

Multiplier-accumulators consist of three
functional sections: an input section,
the multiply-accumulate array, and the
output section. The input section has
two independently clocked n-bit input
registers for the operands, comprised of
positive-edge-triggered D-type
flip-flops. Four mode controls
(ACCumulate, SUBtract, RouND, and
Two’s Complement) are also
registered.

The multiply-accumulate array is an
asynchronous group of AND gates and
adders which generates the product of
the two input operands and, if desired,
adds or subtracts the current contents
of the product register (the results of

the previous calculation). The
ACCumulate control (ACC) determines
whether the feedback path from the
product register to the
multiply-accumulate array is enabled.
The SUBtract control (SUB) determines
whether to add or subtract the product
register contents from the new product.
The input operands may be interpeted
as two’s complement or unsigned
magnitude. User selectable rounding is
available.

The output section includes the product
registers and the three-state output
ports. The product register receives the
accumulated result from the
multiply-accumulate array.
Accumulation can generate word
growth; in addition to the n-bit Most
Significant Product (MSP) and the
Least Significant Product (LSP), there
is an additional three bits of eXTended
Product (XTP) in the product register.
The output pins are bidirectional ports
through which the product register may
be preloaded by coordinating the
PRELoad control (PREL) with the
three-state controls.

Bipolar Multiplier-Accumulators

The TDC1008, TDC1009, TDC1010
(8, 12, and 16 bits, respectively) and
the TDC1043 (16 bits) are triple-
diffused bipolar devices. The TDC1043
is similar to the TDC1010; however,
there is no preload function, and the
LSP, though internally used, is not
output.

CMOS Multiplier-Accumulators

The TMC2010 (16 bits) is a TRW
CMOS multiplier-accumulator which is
pin and function compatible with the
bipolar TDCI1010. It operates at speeds
comparable to the bipolar device and
dissipates less than 0.5 Watts.

Power
Multiplication Dissipation

Product Size Time' (ns) {Watts) Package Notes
TDC1008 8x8 100 18 J4, C1, Y

TDC1009 12x12 135 32 J1, ¢, 1

TDC1010 16x16 165 47 J1, 0,

TDC1043 16x16 100 12 J3, 01, 11 19-Bit Qutput
TMC2010 16x16 160 5 J3, 01, U1 CMOS

Note: 1. Guaranteed, Worst Case, Ty = 0°C to 70°C.
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\II.I I\IIuIthier—AcumIato
8 X 8 bit, 100ns

The TDC1008 is a high—speed 8 x 8 bit paralle!
multiplier—accumulator which operates at a 100 nanosecond
cycle time (10MHz multiply-accumulate ratel. The input data
may be specified as two's complement or unsigned magnitude,
yielding a full-precision 16-bit product. Products may be
accumulated to a 19-bit result.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge-triggered D-type flip—flops. The
result is divided into a 3-bit eXTended Product (XTP), an
8-bit Most Significant Product (MSP), and an 8-bit Least
Significant Product (LSP). Individual three-state output ports
are provided for the XTP, LSP and MSP. The output register
can be preloaded directly via the output ports.

Built with TRW's 2-micron bipolar process, the TDC1008 is a
uniquely powerful LSI signal processing device.

Features
e 100ns Multiply-Accumulate Time (Worst Case)

- ¥4

® § x 8 Bit Parallel Multiplication With Accumulation To 19-Bit
Result

® Selectable Accumulation, Subtraction, Rounding, And
Preloading

o Al Inputs And Outputs Are Registered TTL Compatible
® Three-State Qutputs

® Two's Complement Or Unsigned Magnitude Operation
® Proven, High—Reliability Radiation Hard Bipolar Process
® Single +5V Power Supply

® Available In 48 Lead Ceramic DIP, 68 Contact Chip Carrier Or
68 Leaded Chip Carrier

Applications

® Array Processors

o Video Processors

® Radar Signal Processors

® FFT Processors

® General Purpose Digital Signal Processors
* Microcomputer/Minicomputer Accelerators

Functional Block Diagram

s
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Functional Block Diagram

PREL SX
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SM
8

Yin Ry L " LSP,
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Py 1(E 48 Pqy3
Py 2 47 Py NC 61 43 NC
Pyp 3 4% Py5 NC 62 2 NC
';s ; ﬁ :16 Pig B3 1 41 CKY
M 6 3 P:; ::'7 :; ;g ;:LKX
CLKP 7 82 TSX 16 7
PREL 8 M TC P15 66 38 Xg
Py 9 N Y Pyg 67 37 Xg
Pg 10 39 Y5 P13 68 36 Xg
P5 1 38 Yg P2 1 35 X3
GND 12 37 Vee Py 2 # Xy
Py 13 36 Yy Pip 3 B Xq
P; 14 3% Yq Py 4 2 X
Py 16 {t— Uy, Pg 5 31 RND
Py 16 B Y M 6 30 ACC
o 18 3 oKy NG 7 = A sin
SuB 19 30 CLK X :E : :g :g
ACC 20 23 X
RND 21 28 Xg
Xp 2 7 Xg SN2l NRIRS
Xy 23 26 Xy 8Ll ETIITTRES
Xy 24 % X = o =
48 Lead DIP - J4 Package 68 Contact Or Leaded Chip Carrier — C1, L1 Package
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Functional Description

General Information

The TDC1008 consists of four- functional sections: Input
registers, an asynchronous multiplier array, an adder, and
output registers. The input registers store the two B8-bit
numbers which are to be multiplied, and the control lines
which control the input numerical format {two's complement or
unsigned magnitudel, output rounding, accumulation, and
subtraction. The round control is used when a single-word
output is desired. Each input is independently stored,
simplifying multiplication by a constant. The output registers
can be preloaded with a constant to provide the sum of

products plus a constant. The asynchronous multiplier array is
a network of AND gates and adders, which has been designed
to handle two's complement or unsigned magnitude numbers.
The output registers hold the product as two 8~bit words and
one 3-bit word: the Most Significant Product (MSP), the Least
Significant Product {LSP), and the eXTended Product (XTP).
Three-state output drivers permit the TDC1008 to be used on
a bus, or allow the outputs to be multiplexed over the same
8-bit output lines.

Power

The TDC1008 operates from a single +5 Voit supply. All power
and ground lines must be cannected.

Name Function Value J4 Package C1, L1 Package
Ve Positive Supply Voltage +50V Pin 37 Pin 51
GND Ground 0.0v Pin 12 Pin 18

Data Inputs

The TDC1008 has two 8-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits (MSBs|, denoted X7 and Y7, carry the sign information for
the two’s complement notation. The remaining bits are denoted
Xq through Xg and Yq through Yg (with Xg and Yp the Least
Significant Bits). Data present at the X and Y inputs are

clocked into the input registers at the rising edge of the
appropriate clock. The input and output formats for fractional
two's complement notation, fractional unsigned magnitude
notation, integer two's complement notation, and integer
unsigned magnitude notation are shown in Figures 1 through 4,
respectively.

Name Function . Value J4 Package C1, LI Package
X X Data MSB L Pin 29 Pin 39

Xg L Pin 28 Pin 38

X5 m Pin 27 Pin 37

Xy T Pin 26 Pin 36

X3 TiL Pin 25 Pin 35

X9 TIL Pin 24 Pin 34

X1 Tt Pin 23 Pin 33

X X Data LSB TIL Pin 22 Pin 32

Yy Y Data MSB TIiL Pin 40 Pin 54

Yg L Pin 33 Pin 53

Y5 L Pin 38 Pin 52

Yy m Pin 36 Pin 50

Yy L Pin 35 Pin 49

Yy T Pin 34 Pin 48

Yq L Pin 33 Pin 47

Yo Y Data LSB TIL Pin 32 Pin 46

LSI Products Division
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Data Outputs

The TDC1008 has a 19-bit two's complement or unsigned
magnitude result that is the sum of the products of the two
input data values and the previous products which have been
accumulated. The output is divided into two 8-bit output
words, the Most Significant Product (MSP} and Least
Significant Product (LSP), and one 3-bit output word, the

eXTended Praduct (XTP). The Most Significant Bit (MSB) of the
XTP is the sign bit if two’s complement notation is used. The
input and output formats for fractional two's complement
notation, fractional unsigned magnitude notation, integer two's
complement notation, and integer unsigned magnitude notation

are shown in Figures 1 through 4, respectively.

Name Function Value J4 Package C1, L1 Package
Pig Product MSB , L Pin 43 Pin 63
Py7 ’ m Pin 44 Pin B4
Pig m Pin 45 Pin 65
P15 m Pin 46 Pin 66
Pya L Pin 47 Pin 67
P13 L Pin 48 Pin 68
P12 m Pin 1 Pin 1
P m Pin 2 Pin 2
P1o L Pin 3 Pin 3
Pg e Pin 4 Pin 4
Pg e Pin § Pin §
Py TiL Pin 8 Pin 15
Pg s Pin 10 Pin 16
Py T Pin 11 Pin 17
Py TIL Pin 13 Pin 19
Py L Pin 14 Pin 20
Py m Pin 15 Pin 21
P TIL Pin 16 Pin 22
Py Product LSB s Pin 17 Pin 23

Clocks

The TDC1008 has three clock lines, one for each of the input
registers and one for the product register. Data present at the
inputs of these registers is loaded into the registers at the

rising edge of the appropriate clock. The RouND (RNDJ, Twa's

edge of the logical OR of both CLK X and CLK Y. Special
attention to the clock signals is required if normally HIGH clock
signals are used. Problems with the loading of these four
control signals can be avoided by the use of normally LOW

Complement ({TC), ACCumulate {ACC), and SUBtract (SUB) clocks.
inputs are registered, with all four bits clocked in at the rising
Name Function Value J4 Package C1, L) Package
CLK X Clock Input Data X L Pin 30 Pin 40
CLK Y Clock Input Data Y L Pin 31 Pin $1
CiK P Clock Product Register TiL Pin 7 Pin 12

LSI Products Division
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Controls

The TDC1008 has eight control lines. TSX, TSM, and TSL are
three-state enable lines for the XTP, the MSP, and the LSP
respectively. The output driver is in the high-impedance state
when TSX, TSM, or TSL is HIGH, and enabled when the
appropriate control is LOW, and PRELoad is LOW.

PRELoad (PREL) is an active~HIGH control which has several
effects when active (see Table 1). First, all output buffers are
forced into the high-impedance state. Second, when any or all
of TSX, TSM, and TSL are also HIGH, external data present at
the output pins will be preloaded into the corresponding
section of the output register on the rising edge of CLK P.
Normal data setup and hold times apply both to the logical
AND of PREL and the relevant three-state control (TSX, TSM,
TSL), and to the data being preloaded. These setup and hold
times are with respect to the rising edge of CLK P.

RouND (RND) controls the addition of a 1 to the MSB of the
LSP for rounding. When RND is HIGH, a 1 is added to the
MSB of the LSP for rounding the product in the MSP and
XTP (if appropriate) rather than truncating it.

Two's Complement (TC) controls how the device interprets data
on the X and Y inputs. TC HIGH makes both inputs two's
complement inputs, while TC LOW makes both inputs unsigned
magnitude only inputs.

When ACCumulate (ACC) is HIGH, the content of the output
register is added to or subtracted from the next product
generated, and their sum is stored back into the cutput
registers at the next rising edge of CLK P. When ACC is LOW,
multiplication without accumulation is performed, and the next
product generated is stored into the output registers directly.
This operation is used for the first term in a summation to
avoid a separate “clear” operation.

The SUBtract {SUBJ control is used in conjunction with the
ACC control. When both the ACC and SUB controls are HIGH,
the content of the output register is subtracted from the next
product generated and the difference is stored back into the
output register. Note that the previous output is subtracted
from the product, not the product from the previous output.

The RND, TC, ACC, and SUB inputs are registered, with all
four bits clocked in at the rising edge of the logical OR of
both CLK X and CLK Y. Special attention to the clack signals
is required if normally HIGH clock signals are used. Problems
with the loading of these four control signals can be avoided
by the use of normally LOW clocks.

Name Function Value J4 Package C1, LI Package
TSX XTP Three-State Control T Pin 42 Pin 56
™M MSP Three-State Control TiL Pin 6 Pin 6
TsL LSP Three-State Control TiL Pin 18 Pin 24
PREL Preload Contro} TIL Pin 8 Pin 13
RND Round Control Bit T Fin 21 Pin 31
TC Two's Complement Control T Pin 41 Pin 55
ACC Accumulate Control TTL Pin 20 Pin 30
Sus Subtract Contro! TiL Pin 19 Pin 29

LS! Products Division
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Preload Truth Table 1

PREL' TSX! TSM! TsL! XTP Msp LSP
L L L L Register —p»Output pin Register —p»Output pin Register —»0utput pin
L L L H Register —» Dutput pin Register —- Output pin Hi-Z
L L H L Register — Butput pin Hi-Z Register —» Output pin
L L H H Register — Output pin Hi-Z Hi-Z
L H L L Hi-2 Register —» Output pin Register—» Output pin
L H L H Hi-Z Register —» Output pin Hi-Z
L H H L Hi-Z Hi-Z Register —»Output pin
L H H H Hi-Z Hi-Z Hi-Z
H2 L L L Hi-2 Hi-Z Hi-Z
H2 L L H Hi-Z Hi-Z Hi-Z Preload
H? L H L Hi-Z Hi-Z Preload Hi-Z
H2 H L L Hi-Z Preload Hi-Z Hi-Z
H2 H L H Hi-Z Preload Hi-Z Hi-Z Preload
H2 H H L Hi-Z Preload Hi-Z Preload Hi-Z
H2 H H H Hi-Z Preload Hi-Z Preload Hi-Z Preload
Notes:

240

1. PREL, TSX, TSM, and TSL are not registered.

2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW.
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Figure 1. Fractional Two's Complement Notation

BINARY POINT

X7 [ %6 [ Xs [ Xa [ X3 [%2 [ %1 ] % | stomar
20 (21| 22| 23| 24| 25| 28| 27} DIGIT VALUE

Yo vs | s [ g | v3 2| e vg] siomar

21| 22]23[ 2825 28] 27| oicim vawe

P1g | P17 P16 |Pis|PraP13[ P2 [Pra|Pro| Po | Pg [ P7 | Pg | Ps | Pa|Pa| Pz ] Py| Py | siGNAL
28|23 |22 |2t |0 |2t 22| 23| 24| 25| 28 |27 | 28| 29210 21| 212|213 214 mucir vALuE
1P MsP LsP

Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT

X [ Xg [ Xs [ Xg [ X3 [ X2 | X¢ [ Xo [ StGNAL

21| 22| 23| 28| 25| 28| 27 | 28 | ;i vavue

Yo [ s [ Ys [ Ya | Y3 Y2 | Yi] Yo | steaL

21| 22| 73| 24 (25 | 28 | 27 | 28 | DiGIT vALUE

P1g | P17 | P16 P15 | Pra| P13 P12 | P11 |Pig| Po | Pg [ Pr | Ps | Ps | Pa | P [Py [ Py | Pg] SIGNAL
2| 21| 0| 20| 22|23 | 24| 25|28 |27 |28 | 29 |20} 21| 212| 213|212 15 (278 | miciT vALUE
xte I MsP LSP ‘

Figure 3. Integer Two's Complement Notation

BINARY POINT

X7 | %6 | Xs [ Xa | Xa [ X2 | % | %o | sicmar .

27| 26|25 [ |23 |22 2" |20 | DiGiT vALUE

Yo [ gl vs|va [ va| val vy | vo | sicna
27| 28| 5| A 23| 2|2 |20 oiGiT vALUE

P1g) P17 | P1g| P15 | Pra| P1a|Prz| P1a|Pro] Py | Pa | Py | Pg | Ps| Ps | P3| P2 | Py | Pg| SIGNAL

218 217|216 (15| 218 213 212] 210 910| 59 | o8 [ 57 | 26§ 55 [ 24 ) 23| 22 | 21| 20 | miGIT vALLE
XTP MsP LSP
Figure 4. Integer Unsigned Magnitude Notation
BINARY POINT

X7 | %6 | X5 | xa | %3] %2 | xq | xg | stomar

2|28 |5 |2 |23 22| 2|20 oG vawe

vy | ¥ | ¥5 [ Ya | Y3 ¥a | ¥y ] Yo | siGNAL

"
%
~
-3
~
&
9
1
N,
R
LA
[
-}

DIGIT VALUE

P1g|P17{P16) P15|P1a| P1a|P12| P11|P1o| Pa{ Pa| P7| Ps | Ps | P4 | P3| P2| Py| Pp | SIGNAL
18] 17] 36| 218 | ga] g3 {2 [0 8 {7 [ 8| 5| A 3] 2] 2]

XTP MSP LSP

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

Supply voltage -05to +7.0V
Input voltage -05 to +5.5V
Output
Applied voltage -05 to +55v?
Forced current -1.0 to +6.0mA34
Short-circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -85 to +125°C
junction 175°C
Lead, soldering (10 ds) 300°C
Storage -85 to +150°C
Notes:

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

2. Applied voltage must be current limited to specified -range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions
L. ________________________________________________ ]

Temperatuté Range
Standard Extended

Parameter Min Nom | Max Min Nom Max Units
Ve Supply Voltage 475 50 5.25 45 5.0 55 v
tpw Clock Pulse Width 2 Kl ns
tg Input Setup Time 25 . 0 ns
ty Input Hold Time 0 3 ns
ViL Input Voltage, Logic Low 08 08 v
Viy Input Voltage, Logic High 20 y 20 v
Iy Output Current, Logic Low 40 40 mA
lo Output Current, Logic High -400 -400 LA
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature -55 +125 °C

LS! Products Division
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Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Vg - MAX, Static! 450 525 mA
n Input Current, Logic Low Vo = MAX, V| - 05V

Data, Registered Controls, -04 -04 mA

Clocks, Unregistered Controls -10 -10 mA

CLK P ~20 -20 mA
hy  Input Current, Logic High Voo = MAX, V| - 24V

Data Registered Controls, 75 100 DA

Clocks, Unregistered Controls 75 100 A

CLK P 150 200 LA
I Input Current, Max Input V Vpg = MAX, V) - 85V 10 10 mA
VgL  Output Voltage, Logic Low Vpg = MAX, IgL = MAX 05 05 v
Vgy  Output Voltage, Logic High Vee = MAX, lgy = MAX 24 24 v
lpz  Hi-Z Output Leakage Current Voo = MAX -40 -4 LA
lpzy  Hi-Z Output Leakage Current Vo = MAX 40 40 HA
lps  Short-Circuit Qutput Current VCC = MAX, Output high, one pin to ground, -50 ~50 mA

one second duration

C Input Capacitance Tp = 25°C, F = IMHz 10 10 pF
Cg  Output Capacitance Tp = 25°C, F = IMHz 10 10 pF
Note:

Switching characteristics within specified operating conditions

ATt 5 AT 410 SR e B AR A A SR A A PRV 3,

1. Worst Case: All inputs and outputs LOW

Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
tMaA  Multiply-Accumulate Time Vg = MIN 100 125 ns
tg  Output Delay Voo = MIN, Load 1 4 45 ns
teya  Three-State Output Enable Delay Vee = MIN, Load 1 &0 45 ns
tgig  Three-State Output Disable Delay Vgg = MIN, Load 2 4 L] ns

LSI Products Division
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Figure 5. Timing Diagram
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Figure 6. Equivalent Input Circuit
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Figure 7. Equivalent Qutput Circuit
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Application Notes

Multiplication by a Constant

Multiplication by a constant requires that the constant be multiply cycle then consists of loading new data and strobing
loaded into the desired input register, and the desired register the output register.
not be loaded again until a new constant is desired. The

Selection of Numeric Format

implications for hardware design. Because common good
fractional notation in system design is only conceptual. For design practice assigns a fixed value to any given line fand
example, the TDC1008 does not differentiate between this input and output signals often share the same line), the scale
operation: factors determine the connection of the output pins of any
EX2 =12 multiplier in a system. As a result, only two chaices are
normally made: integer and fractional notation. If integer
6/8) X (28] = 12164 notation is used, the Least Significant Bits of the multiplier,
i ) ] o multiplicand, and product all have the same value. If fractional
The d|fferencel lies only in gonstam sca!e 'factors in this case, notation is used, the Most Significant Bits of the multiplier,
a fgctor of 8 in the multiplier and multiplicand and a factor of multiplicand, and product all have the same value. These
64 in the product). However, these scale factors do have formats are illustrated in detail in Figures 1 through 4.

Essentially, the difference between integer, mixed, and

and this operation:

—_—— —— — ]
Ordering Information
o e a1 i 08 i st e R vt v tate T TPy Sy O P SRITETS
Product Temperature Range Screening Package Package
Number Marking
TDC1008J4C STD-Ty = 0°C to 70°C Commercial 48 Lead DIP 10084C
TDC1008.4G STD-Ty = 0°C to 70°C Commercial With Burn-In 48 Lead DIP 1008.4G ‘
TDC1008J4F EXT-Tp - -85°C to 125°C Commercial 48 Lead DIP 1008J4F .
TDC1008J4A EXT-Tp = -55°C to 125°C MIL-STD-883 48 Lead DIP 1008J4A !
TDC1008JAN EXT-Tg = -55°C to 125°C Commercial With Burn-In 48 Lead DIP 1008J4N \
TDC1008C1F EXT-Tp = -55°C to 125°C Commercial 68 Contact Chip Carrier 1008C1F
TDC1008C1A EXT-Tp = -55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 1008C1A
TDC1008CIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1008CIN
TDC1008L1F EXT-Tg = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1008L1F
TDC1008L1A EXT-Tp = -55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 1008L1A
TOC1008LIN EXT-Tg = -55°C to 125°C Commercial With Burn-In 68 Leaded Chip Carrier 1008LIN

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.

LS! Products Division
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\IL I\Ilultiplier—Accumulator
12 X 12 bit, 135ns

The TDC1009 is a high—speed 12 x 12 bit parallel
multiplier-accumulator which operates at a 135 nanosecond
cycle time (7.4MHz multiply -accumulate rate). The input data

may be specified as two's complement. or unsigned magnitude,

yielding a full-precision 24~bit product. Products may be
accumulated to a 27-bit result.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge~triggered D-type flip—~flops. The
result is divided into a 3-bit eXTended Product (XTP), a
12-bit Most Significant Product (MSP), and a 12-bit Least
Significant Product (LSP}. Individual three-state output ports
are provided for the XTP, the MSP, and the LSP. The output
register can be preloaded directly via the output ports.

Built with TRW's 2-micron bipolar process, the TDC1009 is a
uniquely powerful LS| signal processing device.

Features
© 135ns Multiply-Accumulate Time (Worst Casel

0 12x 12 Bit Parallel Multiplication With Accumulation to
27-Bit Result '

o Selectable Accumulation, Subtraction, Rounding, And
Preloading

o All Inputs And Outputs Are Registered TTL Compatible
o Three-State Outputs

o Two's Complement Or Unsigned Magnitude Operation
o Proven, High-Reliahility Radiation Hard Bipolar Process
o Single +5V Power Supply

o Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or
68 Leaded Chip Carrier

Applications

o Array Processors

o Video Processars

o Radar Signal Processors

o FFT Pracessors

o General Purpose Digital Signal Processors
° Microcomputer/Minicomputer Accelerators

Functional Block Diagram

12
Xy-g) 12
CLK X >—<.—-—J

ACC,SUB

]
AND.TC 7>

.12 Ry
o 7>
iy 2 12

FAN
oy >—o— |
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La Jolla, CA 92038
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Functional Block Diagram

1z PREL TSX
XN Rx A Y
x m 12) +-
1-0 3
A / w XTPoyr
e x S ] {Pyg_29)
ACC.SUB y Re “ z 12
RND',TC ’:—-f_":> @ Rp - ‘NPISPUU‘I,'
A 23-12
JaN
SM
2 Ry “ LSP
YiN ZI> <« out
Yy1-¢ e T
FaN
CIK ¥ >-—1L——_—-—| A

K P TsL
Pin Assignments
Xy 1 164 X5
X3 25 163 Xg
Xy 3 162 Xp
X; 4K 161 Xg
§ 160 Xg
ACC 6 (359 Xqp
SuB 7 58 Xqq
RND 8 167 CLK X
SL 8 166 CLK Y
Py 10 155 Yg
Py 1 =
Py 12 B Yy
P3 13 52 Yq
Py 14 H151 Yy
Pg 15 150 Yg
GND 16 (349 Voo
Pg 17 148 Yg
P; 18 D147 Vg
Pg 19 K 4 Yg
Pg 20 & 45 Yg
Pyg 21 4 Yy
Py 2 3 Yy
CLKP 23 82 T
PREL 24 41 TSX
SM 25 8 Py
Py 26 39 Pyg
P3 7 B Py
Py 28 37 Py
P15 29 3 Pp
Pig 30 35 Py
Py7 A U Py
Pig 32 B Py
64 Lead DIP - JO Package 64 Lead DIP - J1 Package
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Pin Assignments

7572

>
§=Em’?h>?§>;ﬁcw—’?ggg§
O > x > X > XXX X< T
ZRELRBIBISTBIIIERES
CLKY 61 43 Py
Yp 62 2 P
Y; 63 M P
Y, 64 40 P3
Y3 65 3% Py
Yy 66 38 Py
Y5 67 37 GND
Ve 68 36 GND
NC 1 % P
Vee 2 3 GND
Ye 3 B
Y7 4 32 Py
Yg 5 31 Py
Yg 6 30 Pyg
Yo 7 — 3 Py
Yy 8 28 CLKP
T 9 71 PREL
SNz 22g RIS
g ARIRDSREESSLL SR

68 Contact or Leaded Chip Carrier - C1, L1 Package

Functional Description

General Information

The TDC1009 consists of four functional sections: Input
registers, an asynchronous multiplier array, an adder, and
output registers. The input registers store the two 12-bit
numbers which are to be multiplied, and the control lines
which control the input numerical format {two's complement or
unsigned magnitude), output rounding, accumulation, and
subtraction. The round control is used when a single-word
output is desired. Each input is independently stored,
simplifying multiplication by a constant. The output registers
can be preloaded with a constant to provide the sum of

products plus a constant. The asynchronous multiplier array is
a network of AND gates and adders, which has been designed
to handle two's complement or unsigned magnitude numbers.
The output registers hold the product as two 12-bit words
and one 3-bit word: the Most Significant Product (MSP), the
Least Significant Product (LSP), and the eXTended Product
(XTPI. Three-state output drivers permit the TDC1009 to be
used on a bus, or allow the outputs to be multiplexed over
the same 12-bit output lines.

Power

The TDC1009 operates from a single +5 Volt supply. All power
and ground lines must be connected.

Name Function Value J1 Package JO Package C1, L1 Package
Ve Positive Supply Voltage +50V Pin 49 Pin 16 Pins 68, 2
GND Ground 0.0v Pin 16 Pin 43 Pins 34, 36, 37

LS| Products Division
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Data Inputs

The TDC1009 has two 12-hit two's complement or -unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits (MSBs), denoted X171 and Y19, carry the sign information

for the two's complement notation. The remaining bits are

denoted Xp through Xqg and Yp through Y1q fwith Xp and Yg

are clocked into the input registers at the rising edge of the
appropriate clock. The input and output formats for fractional
two's complement notation, fractional unsigned magnitude
notation, integer twa's complement notation, and integer
unsigned magnitude notation are shown in Figures 1 through 4,

the Least Significant Bits). Data present at the X and Y inputs respectively.
Name Function Value J1 Package J0 Package C1, L1 Package
X1 X Data MSB TTL Pin 58 Pin 7 Pin 59
X1 m Pin 53 Pin Pin 58
Xg T Pin 60 Pin 5 Pin 57
Xg T Pin 61 Pin 4 Pin 56
X3 T Pin 62 Pin 3 Pin 55
Xg T Pin 63 Pin 2 Pin 54
X TIL Pin 64 Pin 1 Pin 53
Xy TiL Pin 1 Pin 64 Pin 52
X3 T Pin 2 Pin 63 Pin 51
Xy T Pin 3 Pin 62 Pin 50
X i Pin 4 Pin 61 Pin 49
Xg X Data LSB TTL Pin 5 Pin 60 Pin 48
') Y Data MSB T Pin 43 Pin 22 Pin 8
Y10 m Pin 44 Pin 21 Pin 7
Yg TIL Pin 45 Pin 20 Pin 6
Yg TiL Pin 46 Pin 19 Pin §
Yy L Pin 47 Pin 18 Pin 4
g TiL Pin 48 Pin 17 Pin 3
Y5 TIL Pin 50 Pin 15 Pin 67
7 TTL Pin 51 Pin 14 Pin 66
Y3 TTL Pin 52 Pin 13 Pin 65
Yy TTL Pin 53 Pin 12 Pin 64
A T Pin 54 Pin 11 Pin B3
Yo Y Data LSB TTL Pin 55 Pin 10 Pin 62

Data Outputs

The TDC1009 has a 27-bit two’s complement or unsigned

magnitude result that is the sum of the products of the two
input data values and the previous products. which have been
accumulated. The output is divided into two 12-bit output

words, the Most Significant Product (MSP} and Least
Significant Product (LSP), and one 3-bit output word, the

eXTended Product (XTP). The Most Significant Bit (MSB) of the
XTP is the sign bit if two's complement notation is used. The
input and output formats for fractional two's complement
notation, fractional unsigned magnitude notation, integer two's
complement notation, and integer unsigned magnitude notation
are shown in Figures 1 through 4, respectively.

Name Function Value J1 Package J0 Package C1, L1 Package
Pyg Product MSB TIL Pin 40 Pin 25 Pin 1
Py5 T Pin 33 Pin 2 Pin 12
Pos m Pin 38 Pin 27 Pin 13
Py3 TiL Pin 37 Pin 28 Pin 14
Py ™ Pin 3 Pin 29 Pin 15
Pyt i Pin 35 Pin 30 Pin 16
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Data Outputs (Cont.)

Name Function Value J1 Package JO Package C1, L1 Package
Pyg m Pin 34 Pin 31 Pin 17
Pig T Pin 33 Pin 32 Pin 18
Pig i Pin 32 Pin 33 Pin 19
Pz 1L Pin 31 Pin 34 Pin 20
Pig T Pin 30 Pin 35 Pin 21
P15 m Pin 29 Pin 36 Pin 22
P ! Pin 28 Pin 37 Pin 23
P13 T Pin 27 Pin 38 Pin 24
Piz m Pin 26 Pin 39 Pin 25
P11 I Pin 22 Pin 43 Pin 23
Plll TIL Pin 21 Pin 4 Pin 30
Pg T Pin 20 Pin 45 Pin 31
Pg L Pin 19 Pin 46 Pin 32
Py TIL Pin 18 Pin 47 Pin 33
Pg Tt Pin 17 Pin 48 Pin 35
Py m Pin 15 Pin 50 Pin 38
Py L Pin 14 Pin 51 Pin 39
P3 TIL Pin 13 Pin 52 Pin 40
P2 LS Pin 12 Pin 53 Pin 41
P1 L Pin 11 Pin 54 Pin 42
Pﬂ Product LSB T Pin 10 Pin 55 Pin 43

Clocks

The TDC1008 has three clock lines, one for each of the input
registers and one for the product register. Data present at the
inputs of these registers is loaded into the registers at the
rising edge of the appropriate clock. The RouND (RNDJ, Two's
Complement (TC), ACCumulate (ACC), and SUBtract (SUB)

inputs are registered, with all four bits clocked in at the rising
edge of the logical OR of both CLK X and CLK Y. Special
attention to the clock signals is required if normally HIGH clock
signals are used. Problems with the loading of these four
control signals can be avoided by the use of narmally LOW
clocks.

Name Function Value J1 Package J0 Package C1, L1 Package
CLK X Clock Input Data X m Pin 57 Pin 8 Pin 60
CLK Y Clock Input Data Y T Pin 56 Pin 9 Pin 61
CLK P Clock Product Register TIL Pin 23 Pin 42 Pin 28

Controls

The TDC1009 has eight control lines. TSX, TSM, and TSL are
three-state enable lines for the XTP, the MSP, and the LSP
respectively. The output driver is in the high-impedance state
when TSX, TSM, or TSL is HIGH, and enabled when the
appropriate control is LOW, and PRELoad is LOW.

PRELoad (PREL} is an active—~HIGH control which has several
effects when active (see Table 1). First, all output buffers are
forced into the high-impedance state. Second, when any or all
of TSX, TSM, and TSL are also HIGH, external data present at

LSI Products Division
TRW Electronic Components Group

the output pins will be preloaded into the corresponding

section of the output register on the rising edge of CLK P.
Normal data setup and hold times apply both to the logical
AND of PREL and the relevant three-state control (TSX, TSM,
TSL), and to the data being preloaded. These setup and hold
times are with respect to the rising edge of CLK P.
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Controls {Cont.)

RouND (RND} controls the addition of a 1 to the MSB of the
LSP for rounding. When RND is HIGH, a 1 is added to the
MSB of the LSP for rounding the product in the MSP and
XTP {if appropriate) rather than truncating it.

Two's Complement (TC) controls how the device interprets data
on the X and Y inputs. TC HIGH makes both inputs two's
complement inputs, while TC LOW makes both inputs unsigned
magnitude only inputs.

When ACCumulate {ACC) is HIGH, the content of the output
register is added to or subtracted from the next product
generated, and their sum is stored back into the output
registers at the next rising edge of CLK P. When ACC is LOW,
multiplication without accumulation is performed, and the next
product generated is stored into the output registers directly.

This operation is used for the first term in a summation to
avoid a separate “clear” operation.

The SUBtract (SUB} control is used in conjunction with the
ACC control. When both the ACC and SUB controls are HIGH,
the content of the output register is subtracted from the next
product generated and the difference is stored back into the
output register. Note that the previous output is subtracted
from the product, not the product from the previous output.

The RND, TC, ACC, and SUB inputs are registered, with all
four bits clocked in at the rising edge of the logical OR of
both CLK X and CLK Y. Special attention to the clock signals
is required if normally HIGH clock signals are used. Problems
with the loading of these four control signals can be avoided
by the use of normally LOW clocks.

Name Function Value J1 Package J0 Package C1, L1 Package
TSX XTP Three-State Control T Pin $1 Pin 24 Pin 10
TSM MSP Three-State Control TiL Pin 25 Pin 40 Pin 26
TSL LSP Three-State Control TiL Pin 9 Pin 56 Pin 44
PREL Preload Control TIL Pin 2 Pin 41 Pin 27
RND Round Control Bit T Pin 8 Pin 57 Pin 45
TC Two's Complement Control L Pin 42 Pin 23 Pin §
ACC Accumulate Control T Pin 6 Pin 59 Pin 47
sus Subtract Control L Pin 7 Pin 58 Pin 46
Preload Truth Table 1
PREL! T5X! TSM! TSU XTP MSP LsP
L L L L Register—p» Output pin Register—»0utput pin Register—» Output pin
L L L H Register—» Output pin Register—p»Output pin Hi-Z
L L H L Register—p> Output pin Hi-Z Register—p»Output pin
L L H H Register—»Output pin Hi-Z Hi-Z
L H L L Hi-Z Register—p»Output pin Register—p»Qutput pin
L H L H Hi-Z Register—p»0utput pin Hi-Z
L H H L Hi-Z Hi-Z Register—p» Qutput pin
L H H H Hi-Z Hi-2 Hi-Z
W2 L L L Hi-Z Hi-Z Hi-Z
H2 L L H Hi-Z Hi-Z Hi-Z Preload
H2 L H L Hi-2 Hi-Z Prefoad Hi-Z
H2 H L L Hi-Z Preload Hi-Z Hi-Z
H2 H L H Hi-Z Preload Hi-2 Hi-Z Preload
H? H H L Hi-Z Preload Hi-Z Preload Hi-Z
H2 H H H Hi-Z Preload Hi-2Z Preload Hi-Z Preload
Notes:

1. PREL, TSX, TSM, and TSL are not registered.
2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW.

252

LSI Products Division

TRW Electronic Components Group



TDC1009 I7i<4

Figure 1. Fractional Two's Complement Notation

BINARY POINT

Xyg{%10| Xa | Xg | X7 | X5 | X5 | Xa | X3| X2 | X1 | Xg| SIGNAL
|2V [ 22| 23] 24| 25| 28| 27 28] 29 [210[211| piGIT vALLE

Yi{Yio Yo [Ya Y7 |Ys{¥s|Ya|Y3|Y2| Y1 | Yo | stNAL

20 21|22 23|24 | 25| 26| 27| 28| 28 [210[211] DIGIT VALUE

P25 | P25 | P2a | P3| P22 | P21 | P20 | P1a| P1a| P17 | P16 | P15 | Pra| Pra[Prz| Pra{Pro| Pa | Pa { Py | Pg | P | Pa|Pa|Pa|Py|Pg| siGNAL
28| 3] 22| 2] 8] 21| 22| 23] 24 25| 28| 27| 28| 28] 210) 211|212 | 23] 298] 215 218 117 18] 18] 0| 21| 2 2) maaT L
TP MsB LsP

Figure 2. Fractional Unsigned Magnitude Notation
BIKARY POINT

Xy x| Xa | Xg [ X2 | X6 | X5 | Xa | Xa [ X2 | % [ xg | stomar
2] 22| 23] 24| 25] 28] 27{ 28] 292 10] 211]2%2] oieim varue

Yoo Yoo Yo Ya | Y7 [ Y| Ys|Ya|Ya|Y2| Y1 ] Yo | SiGNAL

21| 22| 23| 28 [25 (28| 27| 28| 29 |20] 211|272| miGT vALUE

P25 |P25|P2a | P2a | Pzz| P21 | Poo | P1g | P1g| P17 | P16 | P15 |P1a{ P13 | P12 | Pes|P1o| Pa | Pa [ Pz | P {Ps | Pa] P3| Py |Py|Pg| siGNAL
2| 0|2 |22] 23] 2825 |28 27| 28| 28]210] 211] 212] 213] 78] 15| 116 [ 17] 18] 218 y20] 21 72| 223] 24| maGAT wALvE
xtP MsP LsP

Figure 3. Integer Two's Complement Notation

BINARY POINT

X11{X10| Xg | Xg [ X7 [ X5 | X5 | Xa | X3 | X2 | X9 | Xg | SIGNAL .
M| 87 8]5[2]3]2]2]20] oemvawe

Yolve| Yo [va| Y2 [ s [ ¥s [Ya]va[ Y2 [ va] v | siomar
2|09 B[] s]5]a]B3]2]2]20] e vawe

P25 (P25 | Pas | Pza| P22 | P21 | Poo | P1a | Pag [ P17 [ Pyg | P15 |Pra| Pr3|Pra{Pir|Pro| Pa| Pa | Py | Ps | Ps | Pa | P3| Py | Py| Pp | SIGNAL
2%6( 225 | 228 23| 2221 221|320 | 219|218 [ 217 | 216 | 215 [ 18] 13| 12| 11 [ 10| 98 [ 28 | 27 | 5| 5| A 23| 22| 21| 0| iy vawue
xTP MsP LsP

Figure 4. Integer Unsigned Magnitude Notation

BINARY POINT

Xn X0 X9 [Xg | X7 [Xs | X5 | Xa | X3 { X2 | X1 [ X | SIGNAL
[0 9] 8[a7]8]a5 8] 23]22]20]2]| merrvawe

Yyg[vio| va [ s [¥2 ] v [ s | va[va[¥2] ¥a| Yo | siGmac
[0 88758 al2]2]2]2] o vawe

P25 | P25 P24 | P23| P22 | P21 [Pon [P1a | Prg | P17 | Pig | Pis [Paa) P13 [ Prz | Pry |Pro| Po [ Pa [ Py | Ps | Ps | Pa [ P3| Py | Py | Py | SIGNAL
226 ( 225 | ;24| 23] 322 | g2 | 520 18| 218 { 17| 216 | 215 [ 18] 13 [ 12 g1 00 g8 8 [ 27 26| 5| 28 [ 23] 22 [ 20 | 2 | mueir vavue
XTP MsP LsP
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Absolute maximum ratings (beyond which the device will be damaged} !

Supply voltage -05 to +7.0V
Input voltage -0510 +55V
Qutput
Applied voltage -05 to +55V2
Forced current -1.0 to +6.0mA34
Short-circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -85 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 conventional current flowing into the device.

Operating conditions

Temperature Range
Standard . Extended
- Parameter Min Nom Max Min Nom Max Units
Vee Supply voltage 475 50 5.25 45 50 55 v
Tew Clock Pulse Width %5 30 ns
Ts Input Setup Time 25 30 ns
TH Input Hold Time 0 3 ns
iL Input Voltage, Logic Low 08 08 v
Vi _ Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 40 mA
lon Output Current, Logic High -400 -400 HA
A Ambient Temperature, Still Air 0 10 °C
Tc Case Temperature -55 +125 °C

LS| Products Division
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
Icc  Supply Current Voo ~ MAX, Static! 750 850 mA
h  Input Current, Logic Low Voo = MAX, V) - 05V

Xin. Vin, RND, ACC, SUB, TC -04 -04 mA

CLK Y, P, PREL -20 -240 mA

CLK X, TSL, TSM, TSX -10 -10 mA
hy  Input Current, Logic High Voo = MAX, V) = 24V

: Xin Yin. RND, ACC, SUB, TC 75 100 YA

CLK Y, P, PREL 150 200 HA

CLK X, TSL, TSM, TSX 75 100 MA
) Input Current, Max Input V Veo = MAX, V) = 55V 1.0 10 mA
Vor  Output Voltage, Logic Low Veo = MAX, Igp = MAX 0.5 05 v
Voy  Output Voltage, Logic High Voo = MAX, lgy = MAX 24 24 v
lpz  Hi-Z Output Leakage Current Vee = MAX -40 -4 HA
lozy  Hi-Z Output Leakage Current Voo = MAX 40 4 UA
log  Short-Circuit Output Current VCC = MAX, output high, one pin to ground, -50 ~-50 mA

one second duration

g Input Capacitance Tp = 5°C, F = IMH: ' 10 10 pF
Cy  Output Capacitance Tp = 25°C, F = IMH: 10 10 pF

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

Switching characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
tma  Muttiply-Accumulate Time Voo = MIN 135 170 ns
tp Output Delay Voo = MIN, Load 1 [T} 45 ns
tenn  Three-State Output Enable Delay Vgg = MIN, Load 1 40 45 ns
toig  Three-State Output Disable Delay Voo = MIN, Load 2 40 45 ns
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Figure 5. Timing Diagram
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Application Notes

Multiplication by a Constant

Multiplication by a constant requires that the constant be multiply cycle then consists of loading new data and strobing
loaded into the desired input register, and the desired register the output register.
not be loaded again until a new constant is desired. The

Selection of Numeric Format

Essentially, the difference between integer, mixed, and implications for hardware design. Because common good
fractional notation in system design is only conceptual. For design practice assigns a fixed value to any given line fand
example, the TDC1009 does not differentiate between this input and output signals often share the same linel, the scale
operation: factors determine the connection of the output pins of any
EX2 =12 multiplier in a system. As a result, only two choices are
and this operation: normally made: integer and fractional notation. If integer
(618 X (28] = 12/64 notation is used, the Least Significant Bits of the multiplier,

) ) ) o multiplicand, and product all have the same value. If fractional
The difference lies only in constant scale factors (in this case, notation s used, the Most Significant Bits of the multiplier,

a factor of 8 in the multiplier and multiplicand and a factor of multiplicand, and product all have the same value. These
64 in the product). However, these scale factors do have formats are illustrated in detail in Figures 1 through 4.

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1003J1C STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 1009J1C
TDC1003J1G STD-Ty = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1003416
TOC1009J1F EXT-Tg = -55°C to 125°C Commercial 64 Lead DIP 1009J1F
TDC1003J1A EXT-Tp = -55°C to 125°C MIL-STD-883 64 Lead DIP 1009J1A
TDC1003JIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 64 Lead DIP 1009JIN
TDC1003J0F EXT-Tp = -55°C to 125°C Commercial 64 Lead DIP 1009J0F
TDC1003J0A EXT-Tg = -55°C to 125°C MiL-STD-883 64 Lead DIP 10030A
TDC1003JON EXT-Tg = -55°C to 125°C Commercial With Burn-In 64 Lead DIP 1003J0N
TDC1003C1F EXT-Tp = -55°C to 125°C Commercial 68 Contact Chip Carrier 1003C1F
TDC1003C1A EXT-Tg = -55°C to 125°C MiL-STD-883 68 Contact Chip Carrier 1003C1A
TDC1003CIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1009CIN
TDC1003L1F EXT-Tp = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1009L1F
TDC1009L1A EXT-Tg = -55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 1003L1A
TDC1003LIN EXT-Tp = -55°C to 125°C Commercia! With Burn—In 68 Leaded Chip Carrier 1009LIN

TRW reserves the right to change products and specifications without ntice. This information does not convey any license under patent rights of TRW Inc. or
others.
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VLS! Multiplier—Accumulator
16 X 16 bit, 165ns

The TDC1010 is a high-speed 16 x 16 bit parallel
multiplier—accumulator which operates at a 165 nanosecond
cycle time {6MHz multiply-accumulation ratel. The input data
may be specified as two's complement or unsigned magnitude,
yielding a full-precision 32-bit product. Products may be
accumulated to a 35-bit result.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge-triggered D-type flip—flops. The
result is divided into a 3-bit eXTended Product (XTP), a
16-bit Most Significant Product {MSP), and a 16-bit Least
Significant Product (LSP). Individual three-state output ports
are provided for the XTP and the MSP; the LSP is multiplexed
with the Y input. The output register can be preloaded directly
via the output ports.

Built with TRW's 2-micron bipolar process, the TDC1010 is a
uniquely powerful LSI signal processing device.

Features

e 165ns Multiply-Accumulate Time (Worst Casel
® 16 x 16 Bit Parallel Multiplication With Accumulation To
35-Bit Result

o Selectable Accumulation, Subtraction, Rounding, And
Preloading

e Al Inputs And Outputs Are Registered TTL Compatible
o Three-State Output

® Two's Complement Or Unsigned Magnitude Operation
® Proven, High-Reliability Radiation Hard Bipolar Process
e Single +5V Power Supply

e Available In 64 Lead Ceramic DIP, 68 Contact Chip Carrier Or
68 Leaded Chip Carrier

Applications

® Array Processors

® Video Pracessors

® Radar Signal Processors

® FFT Processors

 General Purpose Digital Signal Processors
* Microcomputer/Minicomputer Accelerators

Functional Block Diagram
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(¥y5-Yy/Py5-Pg) (15

\
TKY )
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MSPgyt
>
Py1-Prg)
16
M
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g sy
Functional Block Diagram
TSX
Xy5-Xg)
XTPgyr
CIKX »—9 Pys-Py)
ACC, SuB, —
RND, TC MSPour
-
) Pyy-Prgh
16
M
YiNLSPoyr
¥15-YolP15-Py)
CtKY )
TSL oK P
Pin Assignments
Xg 1 B X
X5 2 63 Xg
Xg 3 ‘ 62 Xg
X3 4 61 Xq
Xz 5 B0 Xqq
Xy 6 ‘\ 58 Xq2
Xp 7K 58 Xq3
PoYy 8L 51 Xy
PLY; 9K, 56 X5
PyYy 10 5 TSL
P3y3 1 54 RND
Yy 12 53 SUB
Ps.Yg 13 52 ACC
Pg.Yg 14 51 CLK X
P7¥7 15 50 CLKY
GND 16 43 Vee
PgYg T K 48 1C
PgYg 18 a7 18X
PigYyg 19 4 PREL
P11¥11 20 45 TSM
P2.¥yy 21 44 CLK P
Pi3Yi3 2 43 Py
PisY¥yy 23 42 P33
Pi5.Y15 24 41 Py
Py 25 40 Py
Py7 26 39 Py
Pig 27 38 Py
Pyg 28 37 Pyg
Py 29 36 Py
Pyy 30 35 Py
Py 31 A Py
Py 2 33 Py

64 Lead DIP - JO Package
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Pin Assignments
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68 Contact Or Leaded Chip Carrier ~ C1, L1 Package
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Functional Description

General Information

The TDC1010 consists of four functional sections: Input
registers, an asynchronous multiplier array, an adder, and
output registers. The input registers store the two 16-bit
numbers which are to be multiplied, and the contral lines
which control the input numerical format ({two's complement or
unsigned magnitude), output rounding, accumulation, and
subtraction. The round cantrol is used when a single—word
output is desired. Each number is independently stored,
simplifying multiplication by a constant. The output registers
can be preloaded with a constant to provide the sum of

products plus a constant. The asynchronous multiplier array is
a network of AND gates and adders, which has been designed
to handle two's complement or unsigned magnitude numbers.
The output registers hold the product as two 16-bit words
and one 3-hit word: the Most Significant Product [MSP), the
Least Significant Product {LSP), and the eXTended Product
(XTP). Three—state output drivers permit the TDC1010 to be
used on a bus, or allow the outputs to be multiplexed over
the same 16-bit output lines. The Least Significant Product
{LSP) is multiplexed with the Y input.

Power

The TDC1010 operates from a single +5 Volt supply. All power
and ground lines must be connected.

Name Function Value J1 Package J0 Package C1, L1 Package
Voo Positive Supply Voltage +5.0V Pin 49 Pin 16 Pins 17, 18, 19, 20
GND Ground 0.0V Pin 16 Pin 49 Pins 53, 54

LS! Products Division
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Data Inputs

The TDC1010 has two 16-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Most Significant
Bits (MSBs), denoted X1g and Y15, carry the sign information

for the two's complement notation. The remaining bits are

denated Xq4 through Xg and Y14 through Y (with Xg and Yg

are clocked into the input registers at the rising edge of the
appropriate clock. The input and output formats for fractional
two’s complement notation, fractional unsigned magnitude
notation, integer two’s complement notation, and integer
unsigned magnitude notation are shown in Figures 1 through 4,

the Least Significant Bits). Data present at the X and Y inputs  respectively.
Name Function Value J1 Package JO Package C1, L1 Package
X5 X Data MSB m Pin 56 Pin 9 Pin 10
X T Pin 57 Pin 8 Pin 9
X13 m Pin 58 Pin 7 Pin 8
X2 T Pin 59 Pin 6 Pin 7
XN m Pin 60 Pin 5§ Pin 6
X0 T Pin 61 Pin 4 Pin 5
Xg i Pin 62 Pin 3 Pin 4
Xg ut Pin 63 Pin 2 Pin 3
X TIL Pin 64 Pin 1 Pin 2
Xg T Pin 1 Pin B4 Pin 1
X5 m Pin 2 Pin 63 Pin 68
X m Pin 3 Pin 62 Pin 67
X3 L Pin 4 Pin 61 Pin 66
Xo L Pin & Pin 60 Pin 65
X TiL Pin 6 Pin 59 Pin 64
X X Data LSB L Pin 7 Pin 58 Pin 63
Y15 Y Data MSB L Pin 24 Pin 41 Pin 45
Y T Pin 23 Pin 42 Pin 45
Yig T Pin 22 Pin 43 Pin 47
i L Pin 21 Pin 44 Pin 48
i L Pin 20 Pin 45 Pin 49
Y50 L Pin 18 Pin 46 Pin 50
Yg T Pin 18 Pin 47 Pin 51
Yg TIL Pin 17 Pin 48 Pin 52
Y TIL Pin 15 Pin 50 Pin 55
Yg T Pin 14 Pin 51 Pin 56
Y T Pin 13 Pin 52 Pin 57
Yy TIL Pin 12 Pin 53 Pin 58
Ys L Pin 11 Pin 54 Pin 59
Y TIL Pin 10 Pin 55 Pin 60
Y TIL Pin § Pin 56 Pin 61
Yo Y Data LSB L Pin 8 Pin 57 Pin 62
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Data Outputs

The TDC1010 has a 35-hit two's complement or unsigned

magnitude result that is the sum of the products of the two
input data values and the previous products which have been

accumulated. The output is divided into two 16-bit output
wards, the Most Significant Product IMSP) and Least
Significant Product (LSP), and one 3-bit output word, the

=3,

aag

a oxgo

eXTended Product (XTP). The Most Significant Bit (MSB) of the
XTP is the sign bit if twa's complement notation is used. The
input and output formats for fractional twa's complement
notation, fractional unsigned magnitude notation, integer twa's
complement notation, and integer unsigned magnitude notation

are shown in Figures 1 through 4, respectively.

Name Function Value J1 Package JO Package C1, L1 Package
Py Product MSB TTL Pin 43 Pin 22 Pin 26
P33 it Pin 42 Pin 23 Pin 27
Py s Pin 41 Pin 24 Pin 28
Py TiL Pin 40 Pin 25 Pin 28
Py i Pin 39 Pin 26 Pin 30
Pyg TIL Pin 38 Pin 27 Pin 31
Pog T Pin 37 Pin 28 Pin 32
Py M Pin 36 Pin 29 Pin 33
Py TIL Pin 35 Pin 30 Pin 34
Pys m Pin 34 Pin 31 Pin 35
Pos T Pin 33 Pin 32 Pin 36
Py3 Tt Pin 32 Pin 33 Pin 37
Py L Pin 31 Pin 34 Pin 38
Py ut Pin 30 Pin 35 Pin 39
Pap TIL Pin 29 Pin 36 Pin 40
2 TiL Pin 28 Pin 37 Pin 41
Pig m Pin 27 Pin 38 Pin 42
Py ut Pin 26 Pin 39 Pin 43
Pig et Pin 25 Pin 40 Pin 44
P15 T Pin 24 Pin 41 Pin 45
2N T Pin 23 Pin 42 Pin 46
Pi3 T Pin 22 Pin 43 Pin 47
Py m Pin 21 Pin 44 Pin 48
Py u Pin 20 Pin 45 Pin 43
Py m Pin 19 Pin 45 Pin 50
Fg TTL Pin 18 Pin 47 Pin 51
PB L Pin 17 Pin 48 Pin 52
P7 T Pin 15 Pin 50 Pin 55
Pg TIL Pin 14 Pin 51 Pin 56
Pg TIL Pin 13 Pin 52 Pin 57
Py TIL Pin 12 Pin 53 Pin 58
Py TIL Pin 11 Pin 54 Pin 59
Py TIL Pin 10 Pin 55 Pin 60
P TIL Pin 9 Pin 56 Pin 61
Pﬂ Product LSB TIL Pin 8 Pin 57 Pin 62
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Clocks

The TDC1010 has three clock lines, one for each of the input
registers and one for the product register. Data present at the
inputs of these registers is loaded into the registers at the

rising edge of the appropriate clock. The RouND (RNDI, Two's

edge of the logical OR of both CLK X and CLK Y. Special
attention to the clock signals is required if normally HIGH clock
signals are used. Problems with the loading of these four
control signals can be avoided by the use of normally LOW

Complement {TC), ACCumulate (ACCI, and SUBtract (SUB} clocks.
inputs are registered, with all four bits clocked in at the rising
Name Function Value J1 Package J0 Package C1, L1 Package
CLK X Clock Input Data X TIL Pin 51 Pin 14 Pin 15
CLK Y Clock Input Data Y L Pin 50 Pin 15 Pin 16
ClK P Clock Product Register TTL Pin 44 Pin 21 Pin 25

Controls

The TDC1010 has eight control lines. TSX,TSM, and TSL are
three-state enable lines for the XTP, the MSP, and the LSP
respectively. The output driver is in the high-impedance state
when TSX, TSM, or TSL are HIGH, and enabled when the
appropriate control is LOW.

PRELoad (PREL) is an active-HIGH control which has several
effects when active [see Table 1). First, all output buffers are
forced into the high-impedance state. Second, when any or all
of TSX, TSM, and TXL are also HIGH, external data present at
the output pins will be preloaded into the corresponding
section of the output register on the rising edge of CLK P.
Normal data setup and hold times apply both to the logical
AND of PREL and the relevant three-state control {TSX, TSM,
TSL), and te the data being preloaded. These setup and hold
times are with respect to the rising edge of CLK P.

RouND (RNDI controls the addition of a 1 to the MSB of the
LSP for rounding. When RND is HIGH, a 1 is added to the
MSB of the LSP for rounding the product in the MSP and
XTP (if appropriate) rather than truncating it.

Two's Complement (TC) controls how the device interprets data
on the X and Y inputs. TC HIGH makes both inputs two's
complement inputs, while TC LOW makes both inputs
magnitude only inputs.

When ACCumulate {ACC) is HIGH, the content of the output
register is added to or subtracted from the next product
generated, and their sum is stored back into the output
registers at the next rising edge of CLK P. When ACC is LOW,
multiplication without accumulation is performed, and the next
product generated is stored into the output registers directly.
This operation is used for the first term in a summation to
avoid a separate “clear” operation.

The SUBtract (SUBJ control is used in conjunction with the
ACC control. When both the ACC and SUB controls are HIGH,
the content of the output register is subtracted from the next
product generated and the difference is stored back into the
output register. Note that the previous output is subtracted
from the product, not the product from the previous output.

The RND, TC, ACC, and SUB inputs are registered, with all
four bits clocked in at the rising edge of the logical OR of
both CLK X and CLK Y. Special attention to the clock signals
is required if normally HIGH clock signals are used. Prablems
with the loading of these four control signals can be avoided
by the use of normally LOW clocks.

Name Function Value J1 Package J0 Package C1, L1 Package
TSX XTP Three-State Control TiL Pin 47 Pin 18 Pin 22
TSM MSP Three~State Control TTL Pin 45 Pin 20 Pin 24
TSL LSP Three-State Control T Pin 55 Pin 10 Pin 11
PREL Preload Control TIL Pin 46 Pin 19 Pin 23
RND Round Control Bit T Pin 54 Pin 11 Pin 12
TC Twao's Complement Control L Pin 48 Pin 17 Pin 21
ACC Accumulate Contro! T Pin 52 Pin 13 Pin 14
SUB Subtract Control TIL Pin 53 Pin 12 Pin 13
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Figure 1. Fractional Two's Complement Notation
BINARY POINT

Xi5|X1a] X13[X12|X11|X10{ Xg | X8| X7 | X6 | X5 | Xa [ X3| X2 | X1 | Xg | SIGNAL
2|21 22| 23| 22| 25| 28 | 27| 28| 29 |210211|212| 213|218 215| DIGIT VALUE

Y15 | Yaa[ Y3 | Yi2| Yio|Yio| Yo [ Yo | Y2 | Y| ¥5| Ya| Y3| Y2| Yo | Yo | SIGNAL
2 2] 22] 23] 28] 25 28 [ 27] 28] 28 [210] 211 302 p13] 04 ]

5] DIGIT VALUE

P34 |P3a|Pxz| P31 | Pao [ Pag| Pos | Py | Pas| Pas | Paa | Paa| Paa | P21 | Pan| P1g| P1g | Paz|Pis | P1s | Pra Pia| Prz | Pra|Pro| Pa [ Pa | Py | Ps "sl Py [Pa| P2 | Py |Pg|sioNaL
Alala|a|a]a] 2] 2] 58| 27] 2] 20 |20 o212 02[pra] 215] 16217 18] 210) 0] p1 | 22 o3[ 224 5] s8] 20 0]
XTP msP 1P

&

0| DIGIT VALUE

Figure 2. Fractional Unsigned Magnitude Notation
BINARY POINT

X5 X1a| X1a| X12 | ¥11[X10| Xg [ Xg | X7 | Xg [ X5 { Xa | X3| Xz | Xy [ Xg{ SIGNAL
21 22| 23] 28| 25! 28| 27| 28| 29[ 210 211]212| 213] 214] 115[

61 DIGIT VALUE

Yis Y[ Yoa[ Yoz [Yi [ Yoo Yo | Yo | Y2 | Y5 | Y5 ) Ya| Y3| Y2 Yy | Yp | SIGNAL
21| 22| 231 28| 25] 26| 27| 28] 29 [210] 211] 12[ 3] 18] 215 5

6] DIGIT VALUE

P34 | Pa3| Pz | P31 | P30 [P2g| Pog | P27 |Pas | Pa5 | Paa | P3| Poa | P2t | Pon | Pag|Pig [ P17 | Pig | P1s|Pra| Pra| P12 |P1o|Pro| Po | Pa| P7| Pe| P5 | Py [Py | P2 | P1|Pg | SIGNAL
2822|2328 25| 28] 27| 28| 29 [210] 211 212]213] 18] 216] 216] 77| 18] 2191 7 20| y 21| 22 23] ;28] 25| 26| 7] 28] 9] 230 31
XxTP [ 1sp

&

2{ DIGIT VALUE

Figure 3. Integer Two's Complement Notation : ‘

BINARY POINT

X15 | X14[ %13 [X12{X11{*10| X9 [ X8 [ X7 | X5 | X5 [Xa | X3| X2 | X1 | Xo | SIGNAL ‘
25( 18] 13| 12| [ 10) 9 81 o7 | A | 5|8 3] 2] 21|20 oiGi vALE

X |15 Yia| Va3 [Yaz{Y0o Yoo | Yo | Y8 | Y7 | Y6 | Y5 | Ya | Y3 | Y2 | Y1 | Yo | SiGNAL .
215]214 1213212910 210) 58 | 8 | 27 | 26 | 25| A [ 23|22 | of | 20 | DNGIT VALUE

= |P3a{P33|Ps2 | P31 | P30 |Pza{ Pog [ P27 |Pos | P25 | Paa |Pa3 | P22 | P21 |P2o | P1g | Pig | P17 | P1s | P1s|P1a| Pra|Pa2 |Pia [Pro| Pa | Pa Py | Ps | Ps | Pa | P3| P2 | Py | Po| SiGNAL
238|233 232 | 231|230 | 229 28 | 927 | 526 | 525 | 724 | 223 | 222 | 521 | 720 | 219 18| 217 { 16| 15 | 208} 13 | 02| 1|10 [ 9 | B | 27 | 8| 5| A | 3| 22|21 | 2| miew vawe
xTP MsP LsP

Figure 4. Integer Unsigned Magnitude Notation.

BINARY POINT

Xy5 | X1a | X13|X12|Xn1{X1o| Xo | Xg | X7 | Xg | X5 | Xq [ X3 | Xp | X1 [ Xg | SiGNAL
15[ 18] 13 f 12| 10 f 10 ] 8 [ 58] 07 [ 8| 5|2 23] 22| 2] 0] memw vaLue

X | Y15 | Yea| Y3 [Ye2| Yia|Yeo| Yo | Ya | Y2y Y6 | Ys | Ya [ Ya| Yz | Y1 | Yo | SIGNAL
216218 213 (912 (11} 10| 59 [ 58 | 27| 26 | 25| 8| 23] 22| 21| 20 | DiGir varve

= |P34|P3a3|Px2| P31 |P3g (P29 | Pog | Pzy (Pos | P2s | Pag |P2a|Pzz| P21| P20 | Pia|P1a | P17|P1g | P15 |P1a|P13| P12 |Pri|Pio| Ps [ Pa | Py | Pg | P5 | Py | P3| Py | Py | Py | SIGNAL
38 [733] 532 | 531|230 [ 228 ( 228 | 227 [ 226|525 | 524 | 23| J22{ 21| 220 219 | 218 | 297 { 216 [ 15 | 18| 13| 12 [ 01 [ 10| 8 | 28 | 27 | 8| 25| 28| 23| 22| 21 | 2
XTP MsP Lsp

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

Supply Voltage

-05 to +7.0V
Input Voltage -05 to +55V
Output
Applied voltage -05 to +55v2
Forced current -1.0 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 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 conventional current flowing into the device.

Operating conditions

S e SRS S S S S

Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Ve Supply Voltage 475 50 5.25 45 50 55 )
tow Clock Pulse Width 25 30 ns
tg Input Setup Time 25 ns
1y Input Hold Time 0 3 ns
i Input Voltage, Logic Low 08 0.8 v
Vin Input Voltage, Logic High 20 20 v
o, Output Current, Logic Low 40 40 mA
lon Qutput Current, Logic High -400 -400 LA
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature. -85 +125 °C.
Switching characteristics within specified operating conditions
S R I RN
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
ta  Multiply-Accumulate Time Voo = MIN 10 165 10 200 ns
L] Qutput Delay Vee = MIN, Load 1 40 45 ns
teya  Three-State Output Enable Delay Vee = MIN, Load 1 40 45 ns
tpig  Three-State Output Disable Delay Vge = MIN, Load 2 40 45 ns

LSI Products Division
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Electrical characteristics within specified operating conditions

s et e |
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Ve = MAX, Static! 1100 1250 mA
h  Input Current, Logic Low Voo = MAX, V| - 08V
X|n. RND, ACC, SUB, TC -04 -04 mA
Yin -08 -08 mA
CLK X, TSX, TSM, and TSL -10 -10 mA
CLK P, CLK Y, PREL -20 -20 mA
iy Input Current, Logic High Voo = MAX, V) = 28
X|n. RND, ACC, SUB, TC 7 100 HA
Yin 7 100 MA
CLK X, TSX, TSM, and TSL 7 100 HA
CLK P, CLK Y, PREL 150 200 HA
I Input Current, Max Input V Voo = MAX, V| - 55V 10 1.0 mA
VgL  Output Voltage, Logic Low " Vgo = MAX, Ig. = MAX 05 05
Voy  Output Voltage, Logic High Voo = MAX, lgy = MAX 24 v
lpzt  Hi-Z Output Leakage Current Voo - MAX -40 -4 MA
lozy  Hi-Z Output Leakage Current Vep = MAX 40 40 MA
lpg  Short-Circuit Output Current Vg = MAX, Output high, one pin to ground, -50 -50 mA
one second duration
G Input Capacitance Tp = 28°C, F = IMH: 15 15 pF
Cp  Output Capacitance Ta = 25°C, F = 1MH: 15 15 pF

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

Figure 5. Timing Diagram

INPUT :XI:B_NWOL AND DATA-I%

tg —-i—— tH
INPUT t
CLocK i

taa—=
QUTPUT 4 Y \
cLocK i

PRELOAD

THREE-STATE

CONTROL
]4— 'ENA_.l
OUTPUT !
HIGH IMPEDANCE

W

| ! |
\XTATA out PRELOAD IN DATA L oara our
fn-'l
%7
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Figure 6. Equivalent Input Circuit Figure 7. Equivalent Output Circuit
Vee Vee Vee o o
INPUT INPUT
R1 = 35K
CLK X, Y, P, PREL e
R1 = 25K
R2 = 10K M _-——— OUTPUT
TSX, TsL
A
Xin: Yine A4
RND, TC,
= ACC, SUB =
s
Figure 8. Normal Test Load Figure 9. Three-State Delay Test Load
8100 OUTPUT PIN
<
T0
8, I "k_‘“ A0pF
OUTPUT PIN X P
40pF Y 1N3062
l ¥ LOAD 2 =
)
LOAD 1 =
Preload Truth Table 1
T S S S T R R ALY
PREL' TSX! TSM! TSL) XTP MSP LSP
L L L L Register —>Output pin Register —> Output pin Register —» Output pin
L L L H Register —p» Output pin Register —p>Output pin Hi-Z
L L H L Register —p> Output pin Hi-2 Register —#> Output pin
L L H H Register —» Output pin Hi-Z Hi-Z
L H L L Hi-Z Register —b» Qutput pin Register—#Output pin
L H L H Hi-2Z Register —p> Output pin Hi-Z
L H H L Hi-Z Hi-Z Register —p> Qutput pin
L H H H Hi-Z Hi-Z Hi-2
H? L L L Hi-Z Hi-Z Hi-Z
H2 L L H Hi-Z Hi-Z Hi-Z Preload
H2 L H L ti-Z Hi-Z Preload Hi-2
H2 H L L Hi-Z Preload Hi-Z Hi-Z
H2 H L H Hi-Z Preload Hi-Z Hi-Z Preload
H? H H L Hi-Z Preload Hi-Z Preload Hi-Z
H2 H H H Hi~Z Preload Hi-Z Preload Hi-Z Preload
Notes:

1. PREL, TSX, TSM, and TSL are not registered.

2. PREL Hi inhibits any change of output register for those outputs in which the three-state control is LOW.

268
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Application Notes

Multiplication by a Constant

Multiplication by a constant only requires that the constant be cycle then consists simply of loading new data and strobing
loaded into the desired input register, and that the register not  the output register.
be loaded again until a new constant is desired. The multiply

Selection of Numeric Format

Essentially, the difference between integer, mixed, and implications for hardware design. Because comman good
fractional notation in system design is only conceptual. For design practice assigns a fixed value to any given line land
example, the TDC1010 does not differentiate between this input and output signals often share the same line), the scale
operation; factors determine the connection of the output pins of any
X2 =12 multiplier in a system. As a result, only two choices are
normally made: integer and fractional natation. If integer

d thi tion: cT o . o
énd This operation (68 X (28] = 12/64 notation is used, the Least Significant Bits of the multiplier,

) . . o multiplicand, and product all have the same value. If fractional
The difference lies only in constant scale factors (in this case, notation is used, the Most Significant Bits of the multiplier,
a factor of 8 in the multiplier and multiplicand and & factor of  multiplicand, and product all have the same value. These
64 in the product). However, these scale factors do have formats are illustrated in detail in Figures 1 through 4.

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1010J1C STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 1010J1C
TDC1010J1G STD-Ty = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1010416
TOC1010J1F EXT-Tp = -55°C to 125°C Commercial 64 Lead DIP 1010J1F
TDC1016J1A EXT-Tp = -55°C to 125°C MIL-STD-883 64 Lead DIP 1010J1A
TDC1010J1N EXT-Tg = -55°C to 125°C Commercial With Burn-In 64 Lead DIP 1010J1IN
TDC1010J0F EXT-Tg = -55°C to 125°C Commercial 64 Lead OIP 1010J0F
TDC1010J0A EXT-Tp = ~55°C to 125°C MIL-STD-883 64 Lead DIP 1010J0A
TDC1010JON EXT-Tg = -55°C to 126°C Commercial With Burn-In 64 Lead DIP 1010J0N
TDC1010C1F EXT-Tp = -55°C to 125°C Commercial 68 Contact Chip Carrier 1010C1F
TOC1010C1A EXT-Tg = -55°C to 125°C MIL-STD-883 68 Contact Chip Carrier 1010C1A
TDC1010CIN EXT-Tp = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1010CIN
TOC1010L1F EXT-Tp = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1010L1F
TDC1010L1A EXT-Tg = -55°C to 125°C MIL-STD-883 68 Leaded Chip Carrier 1010L1A
TOC1010LIN EXT-Tg = -55°C to 125°C Commercial With Burn-In 68 Leaded Chip Carrier 1010LIN

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

R

VLS| Multiplier—Accumulator
16 X 16 bit, 100ns

The TRW TDC1043 is a high-speed 16 X 16 bit parallel
multiplier—accumulator which operates at a 100 nanosecond
cycle time (10MHz multiply-accumulate ratel. The input data
may be specified as two's complement or unsigned magnitude.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge triggered D-type flip-flops. All
outputs are three-state.

Built with TRW's OMICRON-B™ 1-micron bipolar process, the
TDC1043 is pin~compatible with the industry standard
TDC1010, but does not provide the preload and Least
Significant Product (LSP) output capabilities of the TDC1010.
However, the LSP bits are used internally for accurate
accumulation. The TDC1043 operates with almost twice the
speed of the TDC1010 at less than one-third the power
dissipation.

Features

® 100ns Multiply-Accumulate Time {Worst Casel

o 16 X 16 Bit Parallel Multiplication With Selectable
Accumulation And Subtraction, and 19-~Bit Limited Precision
Output

o Pin Compatible With TRW TDC1010

o All Inputs And Outputs Are Registered TTL Compatible
o Three-State TTL Output

o Two's Complement Or Unsigned Magnitude Multiplication
o Proven High-Reliability Radiation Hard Bipolar Process
o Single +5V Power Supply

o Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68
Leaded Chip Carrier

o Available Screened To MIL-STD-883

Applications

o Array Pracessors

o Video Processors

o Radar Signal Processors

® FFT Processors

o General Purpose Digital Signal Processars
o Microcomputer/Minicomputer Accelerators

Functional Block Diagram

16 .
X
A +-
CLK X 2
4 R
ACC, SUB,
RND, TC @ X
+
16
Ry
Yin {16}
A
K Y )--cL——I
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Y A 44
Functional Block Diagram
3
A— T8X
XmZZ> 16
N
CIK X )—4;——J 3
ACC, SUB,
BND, TC 0} REGISTER
A Bj'\ ———— 16
Mmsp
16 R
A
Yin (16)
|
CLK ¥ )—d K P SM
Pin Assignments
X 1 6 X
X5 2 63 Xg
X3 3 82 Xg
X3 4 61 Xqp
Xy & 60 Xqq
59 X es =
o e CEIICICRS | O R R Y
Yp 8 5 X ERBRCEREERESR22T2RT
Yy 9 56 X1g
Yo 10 55 NC Y, 61 P17
Y3 N8 54 RND Yg 62 P1g
5 3K 52 ACC X1 B4 p
Yg 14t 51 ckx 1 oD
Y; 155 50 CLK Y x2 b P21
GND 16 [ 49 Ve 3 2
Yg 175 a8 TC Xy 67 P23
Yg 18 K2 47 18X X5 68 P2
Yo 19 5 4 GND X 1 P25
Yy 2K 45 TSM X7 2 Pgg
Y 21 H M CLK P Xg 3 Py
Yi3 2 4 PA Xg 4 Pag
Yy 3 42 Py Xip 5 Pag
Yi5 24 K41 Py Xyy 6 Py
Pig 26 140 Py X1z 7 Pay
P17 26 K 39 Py X1 8 P
Pg 27 5138 Py g o
Pyg 28 137 Pog 14 3
Pyy 30 335 Pog SECHZ2EIRE2ECE2RINIIYR
Py 31 t134 Py 2288 8x> 88885282
Py R2 B Py * cm<§§>>>> n-u,,_é
64 Lead DIP — J3 Package 68 Contact Or Leaded Chip Carrier — C1, L1 Package
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Functional Description

General Information

The TDC1043 has four functional sections: Input registers, an
asynchronous multiplier array, an adder, and output registers.
The input registers store the two 16-bit numbers which are to
be multiplied and the control lines which control the input
numerical format {two’s complement or unsigned magnitude),
output roundings, accumulation and subtraction. Each number is
stored independently, simplifying multiplication by a constant.
The asynchronous multiplier array is a network of AND gates
and adders, which has been designed to handle two's
complement or unsigned magnitude numbers. The output

& g_ww

registers hold the complete result. Three—state output drivers
are provided for one 16-bit word, the Most Significant Product
[MSP), and one 3-bit word, the eXTended Product (XTP). The
Least Significant Product (LSP) is not available with the
TDC1043. It is held internally for use in accumulation.
Three-state output drivers permit the TDC1043 to be used on
a bus, or allow the outputs to be multiplexed over the same
16-hit output lines. The unit is pin—compatible with the
TDC1070 with the exception that there is no preload capability
or least significant product output.

Power

The TDC1043 operates from a single +5V supply. The voltage
tolerance is different for the standard and extended
temperature range parts. All power and ground lines must be
connected. A good ground must be provided due to the large
number of data outputs capable of changing simultaneously. A
0.1- pF (minimum) bypass capacitor between Vg and ground
is recommended.

TDC1010 Compatibility Note: Permanently connect pin 46 (J3
packagel or pin 23 {C1, L1 package) on the TDC1043 to
ground. Do not leave this pin open or connected to a TTL
output. (On the TDC1010, this pin is the preload pin.)

Name Function Value J3 Package C1, L1 Package
Vee ) Positive Supply Voltage +50V Pin 49 Pins 17, 18, 19, 20
GND Ground o.ov Pins 16, 46 Pins 23, 53, 54
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Data Inputs

The TDC1043 has two 16-bit two's complement or unsigned are clocked into the input registers at the rising edge of the
magnitude data inputs, labeled X and Y. The Most Significant appropriate clock. The input and output formats for fractional
Bits (MSBs), denoted X15 and Y15, carry the sign information two's complement notation, fractional unsigned magnitude

for the two's complement notation. The remaining bits are notation, integer twa's complement notation, and integer
denoted Xq4 through Xg and Y14 through Yp (with Xg and Yp  unsigned magnitude notation are shown in Figures 1 through 4,
the Least Significant Bitsl. Data present at the X and Y inputs  respectively. ‘

Name Function Value J3 Package C1, L1 Package
Xi5 X Data MSB T Pin 56 Pin 10
X1 T Pin 57 Pin 9
Xi3 m Pin 58 Pin 8
X12 T Pin 59 Pin 7
XN T Pin 60 Pin 6
X10 TiL Pin 61 Pin 5
Xq T Pin 62 Pin 4
Xg m Pin 63 Pin 3
X7 T, Pin 684 Pin 2
Xg m “Pin 1 Pin 1
X5 m Pin 2 Pin 68
X3 T Pin 3 Pin 67
X3 it Pin 4 Pin 66
Xy m Pin § Pin 65
Xq et Pin 6 Pin 64
. X X Data LSB m Pin 7 Pin 63
Yis Y Data MSB T Pin 24 Pin 45
Yig m Pin 23 Pin 45
Yi3 T Pin 22 Pin 41
Y2 m Pin 21 Pin 48
A TiL Pin 20 Pin 49
Y10 TIL Pin 19 Pin 50
Yg LIS Pin 18 Pin 51
Yg T Pin 17 Pin 52
Y; m Pin 15 Pin 55
Yg m Pin 14 Pin 56
Yg m Pin 13 Pin 57
Yy m Pin 12 Pin 58
¥q T Pin 11 Pin 59
Yy m Pin 10 Pin 60
Yq L Pin 9 Pin 61
Yo Y Data LSB m Pin 8 Pin 62

LS! Products Division
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Data Outputs

The TDC1043 has a 35-bit two's complement or unsigned word, the eXTended Product (XTP). The Most Significant Bit
magnitude result that is the sum of the products of the two (MSBJ of the XTP is the sign bit if two’s complement notation
input data values and the previous products which have been is used. The input and output formats for fractional two's
accumulated. Only the most significant 19 bits are available complement notation, fractional unsigned magnitude notation,
off-chip. The output is divided into one 16-~bit output word, integer two's complement notation, and integer unsigned
the Most Significant Product (MSP), and one 3-bit output magnitude notation are shown in Figures 1 and 4, respectively.

Name Function Value J3 Package C1, L1 Package

Pay Product MSB hi Pin 43 Pin 26

Py M Pin 42 Pin 27

Py i Pin 41 Pin 28

P3y T Pin 40 Pin 29

Pa . Pin 39 Pin 30

Pag I Pin 38 Pin 31

Py T Pin 37 Pin 32

P27 T Pin 36 Pin 33

Pgg TIL Pin 35 Pin 34

Pys L Pin 34 Pin 35

Poa ™ Pin 33 Pin 36

Py TIL Pin 32 Pin 37

Pyg T Pin 31 Pin 38

Pyt i Pin 30 Pin 39

Py T Pin 29 Pin 40

Pig L Pin 28 Pin 41

2 i Pin 27 Pin 42

Py hi Pin 26 Pin 43

Pig L Pin 25 Pin 44
Clocks

The TDC1043 has three clock lines, one for each of the input ACCumulate (ACC), and SUBtract (SUBJ inputs are registered, ;
registers and one for the product register. Data present at the with all four bits clocked in at the rising edge of the logical

inputs of these registers is loaded into the registers at the OR of both CLK X and CLK Y. Special attention to the clack
rising edge of the appropriate clock. Note that the input to the  signals is required if normally HIGH clock signals are used.
output register comes only from the internal adder and Problems with the loading of these four control signals can be
multiplier array. The RouND (RNDJ, Two's Complement (TCJ, avoided by use of normally LOW clocks.

Name Function Value J3 Package C1, L1 Package

CLK X Clock Input Data X T Pin 51 Pin 15

CLK ¥ Clock Input Data Y m Pin 50 Pin 16

CLK P Clock Product Register TiL Pin 44 Pin 25
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Controls

The TDC1043 has six control lines. TSX and TSM are
three-state enable lines for the XTP and the MSP. The output
driver is in the high-impedance state when TSX or TSM are
HIGH, and enabled when the appropriate control is LOW. TSX
and TSM are not registered.

RouND (RNDJ contrals the addition of a 1 to the MSB of the
LSP for rounding. When RND is HIGH, a 1 is added to the
MSB of the LSP for rounding the product in the MSP and
XTP (if appropriate) rather than truncating it.

Two's Complement (TC) controls how the device interprets data
on the X and Y inputs. TC HIGH makes both inputs two's
complement inputs and TC LOW makes both inputs magnitude
only inputs.

When ACCumulate (ACC) is HIGH, the contents of the output
register are added to or subtracted from the next product
generated, and their sum is stored back into the output

registers at the next rising edge of CLK P. When ACC is LOW,
multiplication without accumulation is performed, and the next
product generated is stored into the output registers directly.
This operation is used for the first term in a summation to
avoid a separate “clear” operation.

The SUBtract {SUBJ control is used in conjunction with the
ACC contral. When both the ACC and SUB controls are HIGH,
the contents of the output register are subtracted from the
next product generated and the difference is stored back into
the output register. Note that the previous output is subtracted
from the product, not the product from the previous output.

The RND, TC, ACC, and SUB inputs are registered, with all
four bits clocked in at the rising edge of the logical OR of
both CLK X and CLK Y. Special attention to the clack signals
is required if normally HIGH clock signals are used. Problems
with the loading of these four contral signals can be avoided
by the use of normally LOW clocks.

Name Function Value J3 Package C1, L1 Package
TSX XTP Three-State Control L Pin 47 Pin 22
TSM MSP Three-State Control L Pin 45 Pin 24
RND Round Control Bit Tt Pin 54 Pin 12
TC Two's Complement Control TIL Pin 48 Pin 21
ACC Accumulate Control TTL Pin 52 Pin 14
SuB Subtract Control T Pin 53 Pin 13
No Connects
The TDC1043 has one pin labeled “No Connect” (NC). No
connection is made between the chip and this pin.
Name Function Value J3 Package C1, L1 Package
NC No Connection Open Pin 55 Pin 11
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Figure 1. Fractional Two's Complement Notation

BINARY POINT

Xy5|Xqa| Xq3|Xq2 [X91| Xq0| Xg | Xg | X7 | Xg | X5 | Xa | X3 | Xz | X1 | Xg [ SIGNAL

0| 2V 22| 23| 24| 25| 26|27} 2829 |210{21|212{213|214| 25| DiGIT vALUE

Yis | Yaa| Y13 | Ya2| Y11| Y10 Yo | Ya | Y7{ Y6 | Ys| Ya | Y3| Y2 | Y1 | Yo | SIGNAL

D 21|22 ] 23] 24| 25] 28 [ 27| 28] 29 | 210[ 21| 2[113[ 2 14] 25| o varue

P34 | P33| P2 | P31 | P3o| Paa| Pag| P27 | Pos | Pas | Poa| P23| P2z | P21 | P [Prg | Pra | P17 | Pog | P15 | Pra| P13 | Pra [ Pra|Pio| Po | Pa | P7 | Ps | Ps | Pa | P3| P2 | Py | Pp | SIGNAL
Al 2] 22] 23] 2] 25] 28 |27 [ 28] 29 [210] 211|202 213( 228 215]216] 317 298] 218] 20| 21 y22{ y23( 20 525 28] 22 5 28] 29 (30| 1T vALLE

XTP MsP LSP {NOT AVAILABLE EXTERNALLY)

Figure 2. Fractional Unsigned Magnitude Notation

BINARY POINT

X15| X1a| X13{ ¥z | X1 | X1a| Xo | X | X7 | X5 | X5 | Xg | X3| Xz | X1 | Xp | SIGNAL
21| 22| 23| 28| 25| 28| 27| 28| 29| 210| 211|212 213| 218] 215|216 | DIGIT VALUE

Y15 | V4| Yi3| Yaz| Ve[ Yoo| Yo | Yo | Y| Ys | Vs | Ya| Y3 | Y2| Y1 | Yo |SiGNAL

21| 22| 23| 24 | 25| 28| 27| 28| 29 |210) 211(212(213129812795 | 216 ] piGtT vALUE

P34 | Pay| Py | P3y [Pag |Pog | Pog | P2y [Pog| Pas | Paa | P23 | Pz2{ Por | Pao| Pra|Pig | Prz | P16 | Prs|Pra| Pra|Priz| Pro| Pro| Pa | Pg | P7 | Ps| Ps| Py | Py | Pz | Py|Pg |SiGNAL
2 || 0|22 2] 28] 25|26 27| 28| 29 [210) 21| 212{293[ 28] 215] 216|217 | 218 219 | 20| 221| 722| 223] 324 225 226 2:27| 2:28| 729|230 23| 32| DIGIT VALUE
XTP MsB LSP (NOT AVAILABLE EXTERNALLY)

Figure 3. Integer Two's Complement Notation

BINARY POINT

X15|X1a| 13| X12| X1 | X1o | X9 | Xg | %7 | X5 [ X5 [Xa | X3 | Xp [ X1 | %p | SIGNAL

215218 213 2| 0 [ 10| 8 [ 8| 27 ( 28| 5] 8| 3| 22| 21 || oG vaALue

X | Y15|Yia| Y13 Yoz | Yor Yoo Yo [ Ya | Y7 |Ye | Y5 | Ya | Y3 | Y2| Y1 | Yo | SIGNAL !
215( 218 | 91312 1] 10( 29| 8| 27 [ 26| 5 (28 | 23|22 21| A | DIGI vALUE

= |Pa|Pxa | P32 | P31 | Paa | Poa | Pog | P27 |Pas| P25 | Pas |Pa| P2z P21 | Pan | Prg | Prg | Pa7 | Prs | Pas | Pra| P1a |Prz | Pro|Pro| Pa | Py Py | Pg | P5 | Pa | P3| Py | Pr| Py SIGNAL
298] 933 [ 32 [ 231 [ 530 | 529 | 528 | 527 [ 226 | 225 | 224 | 23| 222 | 221|320 213|218 | 217 [ 216 | 215 [ 218 | 213|212 [ 211 [ 10] 28 | 28 [ 27 [ 26| 25| 28 | 23| 22 | 21 | 20 | oisiT vaLuE

XTP msp LSP {NOT AVAILABLE EXTERNALLY)

Figure 4. Integer Unsigned Magnitude Notation

BINARY POINT

X15 | %14 [ X13| X2 [ X¥10|X10| X9 | Xg | X7 [ X6 | X5 | X4 | X3 | X2 | X1 | Xp | SIGNAL
215 (218 [ 213 12| 21| 10| 58 [ B | 27| 5| 25| | 23|22 21|20 oG vaLuE

X |Y1s|Yia[ Y13 |Yiz[Yar[Yio | Ys | Ye | Y7 Y6 | Ys | Ya| Y3 | Y2 | Y1 | Yo | SiGNAL
215 (18] 13|12 11 10| 59 | 28 | 27 [ 28| 25 [ 4| 23|22 ] 21|20 | oG vawuE

P34 | P33 |Paz | P31 |P3g | P29 | Pag | P27 | Pas | P25 | Paa | P23 |Poz | P21 | Pan | Pag | Pig | P17 | Prg [ P15 |Pra | Paa | Pz | Pra|Pro)| Po | Pa | Py | Pe | Ps |Pa | P3| P2 | Py | Py SIGNAL
23| 233932 531 230 ( 29 | 728 | 527 [ 226 | 225 | 526 [ 323 | 22| 21| 20| 19 | 18| 217 | 16 [ 215 [ 18] 13 02 [ 11 00| 58 [ 98 | 27 { 26 25| 28 | 23|22 | 2t [ 20| oici vawwe

XTP MSP LSP (NOT AVAILABLE EXTERNALLY)

LSI Products Division
TRW Electronics Components Group m



TDC1043 7z <74
C 22 <7J
Absolute maximum ratings (beyond which the device will be damaged)!
Supply Voltage ~05 to +7.0V
Input Voltage -05 to +55V
Output
Applied voltage -05 to +5.5v2

Forced current

-0.1 to +6.0mA34

Short-circuit duration (single output in high state to ground) 1 sec
Temperature
) Operating, case -55 to +125°C
junction +178°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 conventional current flowing into the device.

Operating conditions

Temperature Range
Standard Extended

Parameters v Min Nom'! Max Min Nom' Max | Units
Vee Supply Voltage 475 50 5.25 45 50 55 v
tpwL Clock Pulse Width, Low 25 25 ns
tPwH Clock Pulse Width, High 25 25 ns
tg Input Setup Time 25 25 ns
] Input Hold Time 0 0 ns
ViL Input Voltage, Logic Low 08 08 v
Viy Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 40 mA
loy Output Current, Logic High -400 -400 HA
Ta Ambient Temperature, Still Air 0 70 °C
Te Case Temperature -85 +125 °C
Note:

1. Nominal performance at Vpp = NOM, Ty = 25°C.

218
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Vgg = MAX, static!

Tp = 0°C to 70°C 20 mA

Ty >25°C 20 mA

Tp = -55°C to +125°C 250 mA

Tg > 3°C 210 mA

Vee = 5.0V

Tp > 25°C 195 mA

Tp 2 35°C 200 mA
L Input Current, Logic Low Vee = MAX, V) - 05V

Data Inputs, RND, ACC, SUB, TC -02 -02 mA

TSX, TSM, CLK X, CLK Y, CLK P -08 -08 mA
hy Input Current, Logic High Vee = MAX, V) = 24V

Data Inputs, RND, ACC, SUB, TC 50 50 A

TSX, TSM, CLK X, CIK Y, CLK P I 100 100 UA
[ Input Current, Max Input Voltage Voo = MAX, V) = 5.5V 1.0 10 mA
Vor  Output Voltage, Logic Low Vee = MIN, Ig) = MAX 0.5 0.5 v
Vgy  Output Voltage, Logic High Voo = MIN, lgy = MAX 24 24 v
lpzt  Hi-Z Output Leakage Current Voo = MAX V) = 0.5V -2 -0 pa
lozy  H+Z Output Leakage Current Voo = MAX, V) - 24/ 2 2 UA
lgg  Shert Circuit Qutput Current Vpe = MAX, One pin to ground, -5 -50 -5 -50 ‘mA

one second duration, output high.
C Input Capacitance ‘ Ty = 25°C, F - IMHz ) 15 15 pF
Cg  Output Capacitance Ty = 6°C, F = IMHz - 15 15 pF
Note:
1. Worst Case: All inputs and outputs LOW.
Switching characteristics within specified operating conditions
C = ——— ]
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
tMA Muttiply-Accumulate Time Voo = MIN 100 120 ns
tp Output Defay Veo = MIN, Load 1 35 35 ns
tENA Three-State Output Enable Delay Voo = MIN, Load 1 10 ki 10 35 ns
tois Three-State Output Disable Delay Voo = MIN, Load 2 10 -5 10 ki ns

LSI Products Division .
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Figure 5. Timing Diagram

tH——]

INPUT

X X
W \e—w

OUTPUT
CLOCK

™A

QUTPUT

THREE-STATE ‘[ .
CONTROL 'ois —

OUTPUT

HIGH IMPEDANCE

Figure 6. Equivalent Input Circuit

INPUT

CLK X, Y, P
R1 = 25K

Vee

R2 = 10K

Vee

INPUT

TSM,
TSX

Xin: YiN,
RND, TC,
ACC, SUB

Figure 7. Equivalent Qutput Circuit

-0 Voo

100Q

OUTPUT

Figure 8. Normal Test Load
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T0
OUTPUT
PIN

40p

F

1L [IA 14 lA] A
il LR b

+Vee

8102

1N3062

LOAD 1

Figure 9. Three-State Delay Test Load
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Application Notes

Multiplication by a Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the register not
be loaded again until a new constant is desired. The multiply
cycle then consists of loading new data and strabing the
output register.

Selection of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the TDC1043 does not differentiate between this
operation;
6X2=12
and this operation:
{6/8) X (2/8) = 12/64.

Ordering Information

The difference lies only in constant scale factors (in this case,
a factor of 8 in the muitiplier and multiplicand and a factor of
64 in the product). However, these scale factors do have
implications for hardware design. Because common good
design practice assigns a fixed value to any given line (and
input and output signals often share the same line), the scale
factors determine the connection of the output pins of any
multiplier in a system. As a result, only two choices are
normally made: integer and fractional notation. If integer
notation is used, the Least Significant Bits of the muitiplier,
multiplicand, and product all have the same value. If fractional
notation is used, the Most Significant Bits of the multiplier,
multiplicand, and product all have the same value. These

formats are illustrated in detail in Figures 1 through 4.

Product Temperature Range Screening Package Package
Number Marking
TDC1043J3C STD - Ty = 0°C to 70°C Commercial 64 Lead DIP 1043J3C
TDC1043J3G STD - Tp = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1043436
TDC1043J3F EXT - Tp = -85°C to 125°C Commercial 64 Lead DIP 1043J3F
TDC1043J3A EXT - Tp = -55°C to 125°C MiL-STD-883 64 Lead DIP 1043434
TDC1043J3N EXT - Tp = -55°C to 125°C Commercial With Bumn-In 64 Lead DIP 1043J3N
TDC1043C1C STD - Tg = 0°C to 70°C Commercial 68 Contact Chip Carrier 1043C1C
TDC1043C1G STD - Ty = 0°C to 70°C Commercial With Burn—In 68 Contact Chip Carrier 1043C1G
TOC1043C1F EXT - Tp = -55°C to 125°C Commercial 68 Contact Chip Carrier 1043C1F
TDC1043C1A EXT - Tp = -85°C to 125°C MiL-STD-883 68 Contact Chip Carrier 1043C1A
TOC1043CIN EXT - T = -55°C to 125°C Commercial With Burn-In 68 Contact Chip Carrier 1043CIN
TOC1043L1C STD - Ty = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1043L1C
TDC1043L16 STD - Ty = 0°C to 70°C Commercial With Bum-In 68 Leaded Chip Carrier 1043L16
TOC1043L1F EXT - Tp = -55°C to 125°C Commercial 68 Leaded Chip Carrier 1043L1F
TDC1043L1A EXT ~ Tp = -85°C to 125°C MiL-STD-883 68 Leaded Chip Carrier 1043L1A
TOCI043LIN EXT - Tp = -55°C to 126°C Commercial With Burn-In 68 Leaded Chip Carrier 1043LIN

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 Electronics Components Group
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Preliminary Information

CMOS WNultiplier— Accumulator
16 X 16 bit, 160ns

The TMC2010 is a high—speed 16 x 16 bit parallel
multiplier-accumulator which operates at a 160 nanosecond
cycle time fmore than 6MHz multiply-accumulate rate). The
input data may be specified as two’s complement or unsigned
magnitude, yielding a full -precision 32-bit product. Products
may be accumulated to a 35-bit result.

Individually clocked input and output registers are provided to
maximize system throughput and simplify bus interfacing. These
registers are positive—edge-triggered D-type flip-flops. The
result is divided into a three bit eXTended Product {XTP), a
sixteen hit Most Significant Product (MSP), and a sixteen bit
Least Significant Product (LSP). Individual three-state output
ports are provided for the XTP and the MSP; the LSP is
multiplexed with the Y input. The output register can be
preloaded directly via the output parts.

Built with TRW's state—-of -the-art 2-micron CMOS process,
the TMC2010 is pin and function compatible with the industry
standard TDC1010 and operates with the same speed at
one-sixth or less power dissipation, depending on the
multiply—accumulate rate.

Features

o low Power Consumption CMOS Process
o Pin And Function Compatible With TRW TDC1010
o 160ns Multiply-Accumulate Time (Worst Case)

* 16 x 16 Bit Parallel Multiplication With Accumulation
To 35-Bit Result

e Selectable Accumulation, Subtraction, Rounding, And
Preloading

o Al Inputs And Outputs Are Registered TTL Compatible

o Three~State Output

o Two's Complement Or Unsigned Magnitude Operation

o Single +5V Power Supply

* Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68
Leaded Chip Carrier

Applications

e Array Processors

o Video Processors

e Radar Signal Processors

o FFT Processors

 (eneral Purpose Digital Signal Processors
o Microcomputer/Minicomputer Accelerators

Functional Block Diagram

PREL X
XN Rx
‘Xlrwm e f— T
16
S XTPgyp
+/- -
ClK X )———-————-] / 7 ™V y-py)
ACT, SUB, ) B
AND, 7 T + V| @ N MSPguy
[} A (P3y-Pyg)
15
2 4 3 VAN
M
YiLSPoyy ﬁ Ry
(¥y5-YgPy5-Py) ’ /| e
15 A
CKY »—d
-
<> y
TSt ClKP
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Functional Block Diagram
. X
D N
15~ \
> XTPyy
KX Yy J’_ (Py-P)
ACC, suB,
RN, ¢ MSPour
= (P3;-Prg
18
™
YintSPout
Mi5-YgPi5-Pg
CKY )
J/
Pin Assignments
Xs] 64 Xz N D o~ DMEEEEE&?
i;“: 8 X ERRCRRSRNERISITLYT
X 58 60 Xqq
X; 6K 59 Xq2 PLY; 61 8 Py
X 7K 58 X3 Pg.Yp 62 2 Pg
PpYg 8K 51 Xia Xg 63 N Pyg
PuYy 9K 56 X5 Xy 64 40 Py
PaYy 10 55 TSL Xp B5 39 Py
Pa¥3 11 54 RND X3 66 B Py
PaNy 12K 53 SUB Xg 67 7 Py
PgY5 13 & 52 ACC Xg 68 36 Py
Pg.Yg 14 &3 51 CLK X X 1 35 Pog
Pz 1514 50 CLKY X7 2 H Py
GND 16 & 48 Vpp Xg 3 B Py
Pg¥g 17 K 48 TC Xg 4 R Py
PgYg 18 3 47 18X Xip 5 3 Py
PyoY1p 19 & 4 PREL Xyy 6 0 Py
Py 20 K 45 TSM X2 1 2 Py
PiaYi2 21 4 CIK P X;3 8B B Py
Pi3Yy3 2 K 4 Py Xig 9 a Py
P",Y" 23K a2 Py
Pus;w:;fi :;Pzz SCNREReCR2RINRREY
16 Py Nt pmOX> oo QL X O s o
Py 2 N Py ;.’egagﬁgggf,e'-aggéé
Pig 77 38 Py 32
Pig 28 3 Py . .
Py B 3% Py 68 Contact Or Leaded Chip Carrier ~ C1, L1 Package
Py % 35 Py
Py 3 A Py
Py 2 33 Py

64 Lead DIP - J3 Package
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Functional Description

General Information

The TMC2010 consists of four functional sections: Input
registers, an asynchronous multiplier array, an adder, and
output registers. The input registers store the two 16-bit
numbers which are to be multiplied, and the contral lines
which control the input numerical format (two's complement or
unsigned magnitude), output rounding, accumutation, and
subtraction. The round control is used when a single-word
output is desired. Each number is independently stored,
simplifying multiplication by a constant. The output registers
can be preloaded with a constant to provide the sum of

products plus a constant. The asynchronous multiplier array is
a network of AND gates and adders, which has been designed
to handle two’s complement or unsigned magnitude numbers.
The output registers hold the product as two 16-bit words
and one 3-bit word: the Most Significant Product (MSP), the
Least Significant Product LSP), and the eXTended Product
(XTP). Three-state output drivers permit the TMC2010 to be
used on a bus, or allow the outputs to be multiplexed over
the same 16-bit output lines. The Least Significant Product
{LSP} is multiplexed with the Y input.

Power

The TMC2010 operates from a single +5 Volt supply. All
power and ground lines must be connected.

Name Function Value J3 Package C1, L1 Package
Voo Positive Supply Voltage +5.0V Pin 49 Pins 17, 18, 19, 20
GND Ground 0.0v Pin 16 Pins 53, 54

Data Inputs

The TMC2010 has two 16-bit two's complement or unsigned
magnitude data inputs, labeled X and Y. The Mast Significant
Bits (MSBs!, denoted X15 and Y15, carry the sign information
for the two's complement notation. The remaining bits are

denoted X14 through Xp and Y14 through Yp lwith Xg and Yg
the Least Significant Bits). Data present at the X and Y inputs

is clocked into the input registers at the rising edge of the
appropriate clock. The input and output formats for fractional
two’s complement notation, fractional unsigned magnitude
notation, integer two’s complement notation, and integer
unsigned magnitude notation are shown in Figures 1 through 4,
respectively.

Name Function Value J3 Package C1, L1 Package
X15 X Data MSB T Pin 56 Pin 10
X uft Pin 57 Pin 9
X13 T Pin 58 Pin 8
X2 m Pin 59 Pin 7
X T Pin 60 ' Pin 6
X10 T Pin 61 Pin 5
Xg m Pin 62 Pin 4
Xg L Pin 63 Pin 3
X I Pin 64 Pin 2
X s Pin 1 Pin 1
Xg T Pin 2 Pin 68
X4 m Pin 3 Pin 67
X3 it Pin 4 Fin 66
Xp m Pin 5 Pin 65
X m Pin § Pin 64
Xg X Data LSB TIL Pin 7 Pin 63

LSI Products Division
TRW Electronic Components Group
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Data Inputs (Cont.)

Name Function Value J3 Package C1, L1 Package

Yi5 Y Data MSB TiL Pin 24 Pin 45

Yig T Pin 23 Pin 46

Y13 TiL Pin 22 Pin 47

Yi2 . Pin 21 Pin 4

i1 TiL Pin 20 Pin 49

Vw TiL Pin 19 Pin 50

Y mm Pin 18 Pin 51

Yg TiL Pin 17 Pin 52

Y; m Pin 15 Pin 55

Yg u Pin 14 Pin 56

Ys m Pin 13 Pin 57

Y m Pin 12 Pin 58

Y3 m Pin 11 Pin 59

Yy TiL Pin 10 Pin 60

0] TiL Pin 8 Pin 61

Yo Y Data LSB T Pin B Pin 62

Data Outputs

The TMC2010 has a 35-bit two's complement ar unsigned
magnitude result that is the sum of the products of the two
input data values and the previous products which have been
accumulated. The output is divided into two 16-hit output

words, the Most Significant Product (MSP) and Least

Significant Product (LSP), and one 3-bit output word, the

286

eXTended Product (XTP). The Most Significant Bit IMSB) of the
XTP is the sign hit if two’s complement notation is used. The
input and output farmats for fractional two's complement
notation, fractional unsigned magnitude notation, integer twa's
complement notation, and integer unsigned magnitude notation
are shown in Figures 1 through 4, respectively.

Name Function Value J3 Package C1, L1 Package
Py Product MSB i Pin 43 Pin 25
P33 T Pin 42 Pin 27
P37 TIL Pin 41 Pin 28
P31 T Pin 40 Pin 29
Py T Pin 39 Pin 30
Pyg L Pin 38 Pin 31
Py m Pin 37 Pin 32
Pyy L Pin 36 Pin 33
PZB L Pin 35 Pin 34
P25 TIL Pin 34 Pin 35
Pz4 TiL Pin 33 Pin 36
Py m Pin 32 Pin 37
Py i Pin 31 Pin 38
Py TIL Pin 30 Pin 39
qu TiL Pin 29 Pin 40
Pg L Pin 28 Pin 41
P1g TiL Pin 27 Pin 42
Py T Pin 26 Pin 43
Pig L Pin 26 Pin 4
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Data Outputs {Cont.)

Clocks

Name Function Value J3 Package C1, L1 Package
Pis m Pin 24 Pin 45
Pia m Pin 23 Pin 46
P13 T Pin 22 Pin 47
P12 T Pin 21 Pin 48
F" TTL Pin 20 ~ Pin 49
Pm T Pin 19 Pin 50
Pg Tm Pin 18 Pin 51
Pg ¢ mm Pin 17 Pin 52
Py m Pin 18 Pin 55
P T Pin 14 Pin 56
Py m Pin 13 Fin 57
Py T Pin 12 Pin 588
Py T Pin 11 Pin 59
Py L Pin 10 Pin 60
Py T Pin 8 Pin 61
Py Product LSB T Pin 8 Pin 62

The TMC2010 has three clock lines, one for each of the input
registers and one for the product register. Data present at the
inputs of these registers is loaded into the registers at the
rising edge of the appropriate clock. The RouND (RND), Two's
Complement (TC), ACCumulate (ACC), and SUBtract (SUB}

edge of the logical OR of both CLK X and CLK Y. Special
attention to the clock signals is required if normally HIGH clock
signals are used. Problems with the loading of these four
control signals can be avoided by the use of normally LOW

clocks.
inputs are registered, with all four bits clocked in at the rising
Name Function Value - J3 Package C1, L1 Package
CLK X Clock Input Data X T Pin 51 Pin 15
CK Y Clock Input Data Y L Pin 50 Pin 16
ClK P Clock Product Register L Pin 4 Pin 25

LSI Products Division

TRW Electronic Components Group
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Controls

The TMC2010 has eight control lines. TSX, TSM, and TSL are
three—state enable lines for the XTP, the MSP, and the LSP
respectively. The output driver is in the high-impedance state
when TSX, TSM, or TSL is HIGH, and enabled when the
appropriate control is LOW.

PRELoad (PREL) is an active~HIGH control which has several
effects when active {see Table 1. First, all output buffers are
forced into the high-impedance state. Second, when any or all
of TSX, TSM, and TSL are also HIGH, external data present at
the output pins will be preloaded into the corresponding
section of the output register on the rising edge of CLK P.
Normal data setup and hold times apply both to the logical
AND of PREL and the relevant three-state control (TSX, TSM,
TSL), and to the data being preloaded. These setup and hold
times are with respect to the rising edge of CLK P.

RouND (RND) controls the addition of a 1 to the MSB of the
LSP for rounding. When RND is HIGH, a 1 is added to the
MSB of the LSP for rounding the product in the MSP and
XTP (if appropriatel rather than truncating it.

Twa's Complement (TC} controls how the device interprets data
on the X and Y inputs. TC HIGH makes both inputs twa's
complement inputs, while TC LOW makes both inputs
magnitude only inputs.

When ACCumulate (ACC) is HIGH, the content of the output
register is added to or subtracted from the next product
generated, and their sum is stored back into the output
registers at the next rising edge of CLK P. When ACC is LOW,
multiplication without accumulation is performed, and the next
product generated is stored into the output registers directly.
This operation is used for the first term in a summation to
avoid a separate “clear” operation.

The SUBtract (SUBJ control is used in conjunction with the
ACC control. When both the ACC and SUB controls are HIGH,
the content of the output register is subtracted from the next
product generated and the difference is stored back into the
output register. Note that the previous output is subtracted
from the product, not the product from the previous output.

The RND, TC, ACC, and SUB inputs are registered, with all
four bits clocked in at the rising edge of the logical OR of
both CLK X and CLK Y. Special attention to the clock signals
is required if normally HIGH clock signals are used. Problems
with the loading of these four control signals can be avoided
by the use of normally LOW elocks.

Name Function Value J3 Package C1, L1 Package
TSX XTP Three-State Control TiL Pin 47 Pin 22
TSM MSP Three-State Control T Pin 45 Pin 24
TSL LSP Three-State Control TiL Pin 55 Pin 11
PREL Preload Control TIL Pin 46 Pin 23
RND Round Control Bit TiL Pin 54 Pin 12
1c Two's Complement Control TiL Pin 48 Pin 21
ACC Accumulate Control TiL Pin 52 Pin 14
SuB Subtract Control TiL Pin 53 Pin 13
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Figure 1. Fractional Two's Complement Notation
BINARY POINT

X15 | X1a X13[X12[¥11{ X1 | Xg ( Xg | X7 ( X5 | X5 | Xa | X3 (X2 | X1 | Xq | SIGNAL

202V 22| 23| 24| 25|26 [ 27| 28] 29 |210]211|212[213(214| 25| DIGIT VALUE

Y15 | Yia| Yaa|Ye2| Yir[Yoo| Yo [ Yo | Y7 | Y6 | Y5 | Ya| Y3 | Y2| Yy | Yo | SIGNAL

2002122 (73] 28| 25) 26 [ 27| 28| 29 |210{ 21| 212| 213|214 215 DIGIT VALUE

P34 P33 | P2 | Pay | Pya | Pog| Pog | Pz7|Pos| Pos [Pas| Pa3| Pza| P21 [Pao| P1a| P1a | P17 | Pig | Pis | Praf Paa | Prz (P11 |Pro[ Pa [ Pg | Py | Pg [ Ps | Pa | Py | Py | Py [ Pp | SIGNAL
223|221 |0 | 21| 22] 23| 24|25 |26 |27 |28 29 | 210|211 |212)213[218] 215|216] 217 | 218 219) 2 20| 221 222| 2 23| 224 725 226 27 | 728 729|230 ) DIGIT VALUE
XTP MsP tsp

P

Figure 2. Fractional Unsigned Magnitude Notation
BINARY POINT

Xi5| X14{ ¥13| X2 [ X11| X10| Xg | Xg [ X7 | X5 | X5| X4 | X3| Xz | Xy | Xg | SIGNAL
1] 22] 23] 22| 25] 28] 27] 28] 29 210] 211|212 23] 18] 715 116 miGiT vaLue

Y15 [Yia [ Ya3| Yoz [ Yoo |Yiof Ya | Yg | Y2 Y6 Y5 | Ya| Y3 Y2[ Y1 | Yp | SIGNAL
21| 22| 23( 28 [ 28] 28| 27| 28 | 28 |10] 21| 112[ 3] el 18 {5 16] gy wmne

P34 |P33|P3z [ P31 (P3g | Pag| Pag | P27 |P2s | P25 | Pa|Pas [ Pza|Par [P20| P1g|Prg | P17 | P1s| Prs|Pra| Paa| Prza [ Pra| Prg| Po | Pg | Py | Pg | Ps| Pa | P3| P2 | Py [Py | SIGNAL
2 o [t [22( 23] 04 (28|26 27{ 28] 28 {210| 2t1]212] 213) 10| 15| 18| 10| 18] 18] 20| 21| y22[ ;23] y2u] 28] y 28 2] 28] 8] 130 30} 32| miGIT vALUE
XTP MSB LsP

Figure 3. Integer Two's Complement Notation
BINARY POINT

X15{ X4 X13 [X12{ X19| X10| Xa | Xg | X7 | X5 | X5 | X4 | X3 | Xp | X1 | Xg | SIGNAL
15[ g0 a2 { im0 el 8l 78] 8| 3052 00 o vawe

X |Y15| Y1a| Y13 |Ys2[Ynr|Yi0 | Yo | Ya [ Y7 | Ye | Y5 | Ya | Y3 | Y2| Y1 | Yo | StGNAL
28] 218 913 ( 512 11| 00 59 [ 8 [ 27 | 8 [ 5 28] 2392 21| 20| oreim varue

= {Pas|P33| P32 | P31 | P30 | P29 | P28 | P22 | P2 | P25 | P24 | P23 | P22 | P21| P20 | P1g | Pag | P17 | P16 | Prs|Praf P3| P12 |Pra{Pro| Po | Py | P | Ps | Ps | Pa | P3| Py | Py | Py | SIGNAL
23] 233] 532 31| 30| 529 | g8 | 27 [ 28 | 5 | 20| gz | 522 | 1] sz | 19 [ 18] 17 [ 216 | g1 | e 13 ] g2 [ g}t | 8 [ 8 27| 6| 5| A 23] 22| 2t [ 20| oicir vawwe
XTP MsP LsP

Figure 4. Integer Unsigned Magnitude Notation

BINARY POINT

X15| X1 | 13| Xaz| X1a| %10 | Xa | Xg | X7 | X6 | X5 | Xa | X3 | Xa | Xq [ Xg | SIGNAL
215] 18 [ 213 [ g12| 1 o108 [ 8| 7 |6 | 5 (A ({3 2|2 | 2] oG varue

X V15| Yia) Y13 | ¥a2| Ynn|Yio| Yo | Y8 | Y7 Y6 | Y5 )| Ya| Ya| Y2 | Y1 | Yo | SIGNAL
215 914|213 912 p11] 210] 29 | 8 (27| 5| 25|28 | 3|22 | 21| 20 | viGiT vaue

= |P3|P33|Pxa| Pay | P3q | Pog| Pog | P77 |Pag | Pas | Paa | Po3|Paa | Pos [ P20 [ Peo | Pia | P17 |Prn | Ps|P1a | P13 | Prz|P1a|Pio| Pg | Pa| P | P5 | Ps | Pa | Pa | Py | Py | Pp| SIGNAL
238|233 32| 31| 30| 328 | 328 [ 127 [ 126 | 525 | ;28 | 23| 422 | 221 | 20| 18| 18 { 217 516 | 15 | 18| 13 ] g12 | 12| 10| 39 | 28| 27| 28| 5| 28| 3|22 | 21| 29| viGiv varue
TP MsP LsP
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Supply Voltage

-0.5 to +7.0V

Input Voltage

~05 to (Vpp +0.5V)

Qutput
Applied voltage -05 to Vpp +0502
Forced current -10 to +60mA34
Short-circuit duration {single output in high state to ground) 1 sec
Temperature ’ )
Operating, case -60 to +130°C
junction 175°C
Lead, soldering (10 seconds) ... 300°C
Storage -85 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 conventional current flowing into the device.

| memommrmtncssnr v s s et mom————— s ey e e

Temperature Range
Standard

Parameter Min Nom Max Units
Voo Supply Voltage 475 50 5.25 v
tpw Clock Pulse Width 25 ns
13 Input Setup Time ) 25 ns
y Input Hold Time 3 ns
ViL Input Voltage, Logic Low 08 v
Vi Input Voltage, Logic High 20 v
loL Output Current, Logic Low 8.0 mA
loy Output Current, Logic High -49 mA
Ta Ambient Temperature, Still Air 0 70 °c

LS! Produets Division
TRW Electronic Components Group
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Electrical characteristics within specified operating conditions

[ -
Temperature Range
Standard
Parameter Test Conditions Min Max Units
Ipp  Quiescent Vpp = 5.0V, Viy = OV 1 mA
TSL, TSM, TSX = 5.0V
Supply Current Vpp = 50V, F = 6MH: L] mA
TSL, TSM, TSX = 5.0V
Supply Current Vpp = 50V, F = EMHz 120 mA
TSL, TSM, TSX = OV
Load = Load 1
g Input Current, Logic Low' Vpp = MAX, V) - 05V -1 +75 pA
Iy Input Current, Logic High' Vpp = MAX, V| - 24V -75 +15 A
I Input Current, Max Input V Vpp = MAX, V| = Vpp 200 LA
Vgr  Output Voltage, Logic Low Vpp = MIN, lgp = MAX 04 v
Vgy  Output Voltage, Logic High Vpp = MIN, Igy = MAX 24 v
lpg  Short-Circuit Output Current Vpp = MAX, Output high, one pin to ground, -100 mA
one second duration max
G, Input Capacitance Tp = 25°C, F = 1MHz 15 pF
Cg  Output Capacitance Tp = 25°C, F = 1MHz 15 pF

Note:
1. These values are also valid for outputs in high-impedance state.

Switching characteristics within specified operating conditions

————

Temperature Range
Standard
Parameter Test Conditions Min Max Units
tma  Muttiply-Accumulate Time Vpp = MIN, Load 1 160 ns
tp Output Delay Vpp = MIN, Load 1 45 ns
teya  Three-State Qutput Enable Delay Vpp = MIN, Load 1 40 ns
tplg  Three-State Output Disable Delay Vpp = MIN, Load 2 35 ns

LS! Products Division
TRW Electronic Components Group i1l
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Figure 5. Timing Diagram

: ! : |
INPUT CONTROL AND DATA INX
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INPUT t
CLOCK W
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OUTPUT t
CLOCK P
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Figure 6. Equivalent Input Circuit

Figure 7. Equivalent Output Circuit
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Figure 8. Test Load
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Figure 9. Three—State Delay Test Load
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g gegy
Preload Truth Table 1
PREL! TSX! TSM! TSt XTP MsP LSP
L L L L Register—0utput pin Register —»-0utput pin Register —»Qutput pin
L L L H Register—»Q0utput pin Register—=Qutput pin Hi-2
L L H L Register—Output pin Hi-Z Register —»=0utput pin
L L H H Register—#Output pin Hi-2 Hi-2
L H L L Hi-Z Register—»=0utput pin Register—0utput pin
L H L H Hi-2 Register—-0utput pin Hi-Z
L H H L Hi-2 Hi-Z Register—®Qutput pin
L H H H Hi-Z Hi-Z Hi-Z
H2 L L L Hi-Z Hi-2 Hi-Z
H2 L L H Hi-Z Hi-Z Hi-Z Preload
1 L H L Hi-2 Hi-2 Preload Hi-Z
H2 H L L Hi-Z Preload Hi-Z Hi-Z
H2 H L H Hi-Z Preload Hi-Z Hi-Z Preload
H2 H H L Hi-Z Preload Hi-Z Preload Hi-Z
H2 H H H Hi-Z Preload Hi-Z Preload Hi-Z Preload
Notes:

1. PREL, TSX, TSM, and TSL are not registered.

2. PREL Hi inhibits any change of output register for those outputs in which the three-state contral is LOW.

Application Notes

Multiplication by a Constant

Multiplication by a constant requires that the constant be
loaded into the desired input register, and that the register not
be loaded again until a new constant is desired. The multiply

cycle then consists of loading new data and strobing the
output register.

Selection of Numeric Format

Essentially, the difference between integer, mixed, and
fractional notation in system design is only conceptual. For
example, the TMC2010 does not differentiate between this
operation:

6X2=12
and this operation:
(6/8) X (2/8) = 12/64

implications for hardware design. Because common good
design practice assigns a fixed value to any given line (and
input and output signals often share the same line), the scale
factors determine the connection of the output pins of any
multiplier in a system. As a result, only two choices are
normally made: integer and fractional notation. If integer
notation is used, the Least Significant Bits of the multiplier,

multiplicand, and praduct all have the same value. If fractional

The difference lies only in constant scale factors (in this case,
a factor of 8 in the multiplier and multiplicand and a factor of
64 in the productl. However, these scale factors do have

LS! Products Division
TRW Electronic Components Group

notation is used, the Most Significant Bits of the multiplier,
multiplicand, and product all have the same value. These
formats are illustrated in detail in Figures 1 through 4.
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TMC2010J3C STD-Tp = 0°C to 70°C Commercial 64 Lead DIP 2010J3C
TMC2010J3G STD-Tp = 0°C to 70°C Commercial With Burn—In 64 Lead DIP 2010436
TMC2010C1C STD-Ty = 0°C to 70°C Commercial 68 Contact Chip Carrier 2010C1C
TMC2010C1G STD-Tp = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 2010C1G
TMC2010L1C STD-Tp = 0°C to 70°C Commercial 68 Leaded Chip Carrier 2010L1C
TMC2010L1G STB-Tp = 0°C to 70°C Commercial With Burn-In 68 Leaded Chip Carrier 2010116

TRAW 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 Electrenic Components Group
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Special Function Products

TRW LSI has several special function
devices to address particular
requirements found in digital signal
processing. Floating point arithmetic
has significant processing advantages
over fixed point, specifically, a vastly
improved dynamic range without
excessive word size. Prior to the
introduction of the TRW LSI floating
point devices, performing floating point
arithmetic required massive investments
in hardware.

Correlation is a function frequently
found in digital signal processing
systems. Digital correlators provide a
measure of the similarity between two
signals.

Digital filtering often involves complex
hardware; for even simple filtering
functions, the sequencing of
instructions can become difficult. The
TDC1028 is an 8-tap finite impulse
response (FIR) filter element which
handles 4-bit data and coefficients and
can be easily expanded in coefficient
size, data size, and filter length.

The special function devices are all
TTL compatible and are built using the
triple-diffused bipolar technology.

Floating Point Devices

TRW LSI floating point hardware uses
a 22-bit data format specifically suited
to many digital signal processing
applications. The 16-bit significand and
6-bit exponent are both two’s
complement numbers. This data format
allows the full precision of the
significand to be maintained over the
dynamic range of the exponent
(equivalent to 64 bits fixed point).

The TDC1022 floating point arithmetic
unit performs the following floating
point operations: addition, subtraction,
normalization, and denormalization.
The device has a feedback path for
accumulation. Two 22-bit operands are
accepted through an input port, the
desired arithmetic operations are
performed, and the output emerges
through a three-state output port.
Internal pipeline registers may be
enabled to allow a 10MHz data
throughput rate.

Correlators
A digital correlator is a device which
measures, bit-by-bit, the congruence

between two strings of bits,
“‘reference’” and ‘‘data.’’ The output is
a binary number tallying the number of
matches between the two bit strings. A
correlation score of zero indicates
perfect anticorrelation, such that each
““1’” in the reference aligns with a *‘0”
in the data stream, and vice-versa.
Conversely, a maximum score indicates
that each bit in the reference stream
matches the corresponding bit in the
data stream.

A digital correlator consists of two
tapped shift registers, one for the data
and one for the reference code. In the
TDC1004 and TDC1023, each shift
register is 64 taps long. At each tap,
the contents of the reference register
are exclusive-NORed with those of the
data register; the 64 results are then
tallied by a parallel counter. The output
of the counter is the 6-bit
binary-encoded correlation score, which
runs between 0 and 64, inclusive.

Both correlators also include a masking
function, which permits the user to
eliminate any of the taps from
consideration in the correlation score.
For example, a 32-tap correlator can be
built by masking off the last half of a
TDC1004 or TDC1023, leaving only
the first 32 taps active.

The TDC1023 offers the additional
benefit of a reference preload/holding
latch structure, in which the contents of
the reference register can be stored.
With the latch in this hold mode, the
reference register can be preloaded
with the next sequence. Returning the
latch to its “‘track’’ mode reprograms
the chip to correlate with the new
(preloaded) reference sequence.

Digital Filter

The TDC1028 consists of eight 4-bit
Multiply-ADd (MAD) cells, organized
into a one-dimensional systolic array.
The chip accommodates 4-bit data
through its data input port, and outputs
13-bit sums at the same rate, through
its SUMgyT port. The TDC1028
performs the standard vector inner
product or convolutional sum:

SUMUUT = SUMjy + alin} + bDln-Y) + .
+ hDin-7),
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where a through h are the
(preprogrammed) coefficients and the
D(i) are the eight data values most
recently clocked into the data input
port.

The SUMyy port permits the user to
cascade the chips serially, to build
either longer (more taps) or wider
(greater resolution) filters from these
“‘building block’’ chips. To facilitate
parallel expansion, the data and
coefficients have independent two’s
complement/unsigned magnitude
controls.

Clock
Product  Description Size  Rate! (ns)

TDC1004 Correlator 64x1 66

TDC1022 Floating Point ~ 22-Bit 100
Arithmetic Unit

TDC1023  Correlator 64x1 66

TDC1028 FIR Filter 4x4x8 100

Power

Dissipation

(Watts) Package  Notes

0.7 J9 Analog current output
24 J1, C1, L1 Twao's complement
17 Ji, C3 Binary digital output
25 J4, C1, L1 B Taps

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

~ g



TDC1004

Analng Output, Digital Correlator
64 -bit

The TRW TDC1004 is a 64-bit digital correlator with a current  Features

source analog output. The device consists of three 64-bit,
independently~clocked shift registers capable of a shift speed ~ ° 10MHz Correlator Speed
of 156MHz and a parallel correlation rate of 10MHz. @ 15MHz Shift Speed (Static Shift Registers)

® Current Qutput
® Mask Register
o TTL Compatible

Correlation takes place when two binary words are serially
shifted into the A and B registers. The two words are
continually compared, bit for bit by exclusive—NOR [XNORI

circuits. Each XNOR circuit controls a current source. The ® Available In 16 Lead Ceramic DIP
current output of each current source is then summed to © Radiation Hard
produce the correlation current that is proportional to the o 700mW Power Consumption
degree of correlation.

) o o Applications
The third 84-bit shift register (M register) is provided to allow ) N
the user to mask or selectively choose “no compare” bit * Image Comparison/Recognition
positions. o Bit/'Word Synchronization

o Key Word Detection
o Error Correction Coding
e Radar And Sonar

Functional Block Diagram

R } R :::::E
Ay —>[ A l L) I A —l _____ hg Aguy

LS! Products Division Phone: (619) 4571000 ©TRW Inc. 1384

TRW Electronic Components Group Telex: 697-957 40G00274 Rev. E-2/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the USA.

La Jolla, CA 92038
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I WA {]
Functional Block Diagram
CLK A 4 < P — - —— - —
R R v ¥
Ay — A ] ] Rea Agur
° o— — — — —— | [
| 1 T —T—> out
BN ——» B 7 B, 7 ] Bea —> Bour
CLK B i f i _____ _J
My — My My M3 M4 Mour
CLK M i i i ______ _J
Pin Assignments
IRer 1 16 Vee
Coutr 2 15 CLK B
Vgg 3 14 CLKA
Moyt 4 13 CLK M
Bour 5 12 Ay
Agur 6 BRI
NC 7 10 My
GND 8 9 NC
16 Lead DIP - J9 Package
e Ay e —— rovive sarm i |

Functional Description

General Information

The TDC1004 has three B4-bit long shift registers: AB and M.
Shift registers A and B are bit-by-bit XNORed (gate provides
a true output if the two inputs are the samel. The 64 results
are then bit-by~bit ANDed with the M register. Each of the

300

outputs of the AND gates are used to turn on one of the 64
equally weighted current sources whose outputs are summed

to provide the analog correlation output.

LSI Products Division

TRW Electronic Companents Group
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Reference
The TDC1004 provides an output current of:

lput = N x IgT + Icoz
where Igj7 is the individual bit output current, N is the
number of correlating bits and Iggz is the offset current.

By adjustment of IRgF as described in the calibration
procedure, the mean bit current variation can be zeroed. IpgF
is a current input. The voltage at this pin may vary from
device to device due to input impedance variations.

Name Function

Value J9 Package

IRer Reference Current

350 pA Pin 1

Correlation Output

The output of the TDC1004 is a current source at pin 2. The
output stage consists of the collector of an NPN transistor
whose base is connected to Vgp; it is therefare critical that

the voltage at the output pin be kept 1.5V to 2.5V above Vgg
to avoid saturation of this output transistor. Vgg should be set
to a voltage level of Voo + 1V + 0.3VDC.

Power

Name Function Value J9 Package
Cour Analog Output 300 to 3028 pA Pin 2
Vg Base Bias Voltage 6V Pin 3

The TDC1004 operates from a +5.0V supply. A bias voltage of
+6.0V is also required. Since less than 100 A are drawn

this supply, a separate supply is not necessary and the Vgp

can be provided by the circuit shown in Figure 6.

Name Function Value J9 Package
Voo Supply Voltage +5V Pin 16
Vgg Secondary Supply Voltage +6V Pin 3
GND Electrical Ground o Pin 8

Clocks

CLK A, Clock input pins for the A, M, and B registers,

CLK M, respectively. Each register may be independently

ClK B clocked.
Name Function Value J9 Package
CLK A A Register Clock I Pin 14
CIK M M Register Clock IS Pin 13
ClK B B Register Clack T Pin 15

Data Inputs

MIN Input to the M register. Allows the user to AN, BIN Input to the A and B 64-bit serial shift

choose “no compare” bit paositions. A “0” in any registers.

bit location will result in a no—compare state

for that location.
Name Function Value J9 Package
Min Mask Register Input L Pin 10
Ay Shift Register Input L Pin 12
By Shift Register Input T Pin 11

LS| Products Division

TRW Electronic Components Group
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Data QOutputs

Bour. Outputs of the three 64-bit serial shift registers:

Agut, B, A, and M, respectively.

Mour
Name Function Value J9 Package
Bour Shift Register B Output T Pin 5
Agut Shift Register A Qutput I8 Pin 6
Mout Shift Register M Qutput s Pin 4

No Connects

There are two leads labeled no connect (NC), which have no
connections to the chip. These leads may be connected to
ground for increased noise reduction.

Name Function Value J9 Package
NC No Connect GND Pins 7,9

Figure 1. Timing Diagram

Sy (A N G /A N
i/ AN\

ts |ty |e——tp

e — ‘D
DIGITAL
OUTPUT
il

‘T_QS% OF FULL SCALE VOLTAGE

ANALOG
OUTPUT
Figure 2. Analog Output Test Load Figure 3. Analog Output Equivalent Circuit
8OV
ANALOG OUTPUT
Ve
4KS2 (SINGLE BIT TEST)
86,69 (FULL SCALE TEST)
TO OUTPUT PIN l ico
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Absolute maximum ratings (beyond which the device will be damaged)’

Supply Voltage -05 t0 +7.0V
Current Source

Reference signal, Ipgp 50 mA
Input Voltage .

Data and Clock 0.0 to 5.5V
Output Voltage

Digital outputs, AOUT' BUUI’ MUUT 0.0 to 55V

Analog output, CUUT VBB to 8.5V

Applied voltage -05 to 5.5v2

Applied current, lly forced -10 to 6.0mA34

Short-circuit duration (single output in HIGH state to ground) 1 sec
Temperature

Operating, ambient -55 to +150°C

junction +175°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 conventional current flowing inta the device.

Operating conditions

e ]
Temperature Range
Standard Extended

Parameter Min Hom Max Min Nom Max Units
Vee Positive Supply Voltage 475 50 5.25 45 50 55 v
Vg Secondary Supply Voltage 5.7 6.0 6.3 5.7 6.0 63 v
IREF Reference Current 20 350 30 350 HA
Voo Analog Output Voltage 65 Vgg+2V 85 65 Vgg+V 85 )
lcors Full-Scale Analog Output Current 213 303 273 3.03 mA
tpw Clock Pulse Width 2 2 ns

ts Input Register Set-Up Time 20 2 ns

ty Input Register Hold Time 10 10 ns
iL Input Voltage, Logic Low 08 08 v

Vi Input Voltage, Logic High 20 20 )

loL Output Current, Logic Low 40 40 mA
loH Output Current, Logic High -400 -400 MA
Vllgg  Current Reference Voltage 22 22 v

TA Ambient Temperature, Still Air 0 0 °C
Te Case Temperature -55 125 °C

LSI Products Division
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Electrical characteristics within specified operating conditions!
e P S EeSRCE—
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Icc  Supply Current Voo = MAX 130 130 mA
1{Vgg) Secondary Supply Current 100 100 HA
VgL Output Voltage, Logic LOW Veg = MIN, 1g. = 40mA 0.5 05 v
Voy  Output Voltage, Logic HIGH Vee = MIN, lgy = -04mA 24 24 v
I Input Current, Logic LOW Vg = MAX, Vi = 04V Clock -40 40 | mA
Data -08 -08 mA
M Input Current, Logic HIGH Voo = MAX, Viy = 24V Clock 200 200 HA
Data 50 : 50 UA
Iy Single-Bit Analog Output (Delta) See Note 2 k) 43 k14 4 UA
lpgz ~ Zero Correfation Analog Output (Offset} See Note 2 300 340 300 340 UA
Notes:

1. Test conditions: Vo, Vpg, Ier = NOM, measured under DC conditions.

2. After calibration to Ipgrg {Full-Scale Analog Output Current).

Switching characteristics within specified operating conditions

i

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
tcg  Analog Output Delay See Figure 2 100 100 ns
tp Digital Propagation Delay See Figure 1 65 65 ns
Fg  Maximum Clock Frequency Analog output 10 10 MHz
Digital outputs 15 15 MHz

LS! Products Division
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Application Notes

The TDC1004 is a 64-bit digital correlator with current source ~ Vgg may be provided by the circuit shown below:
analog output. The device performs a bit~for-bit exclusive-0R
correlation. In a mathematical sense the TDC1004 performs a

convolution on 1-bit words which can be expressed in the Figure 6.
general form:
N +8V T0 +18V
ylk) - 21 kin) ® xin - kI [Logical 1- +1}
n= i - -
Logical 0 1 ®
In some applications it may be useful to utilize the output Ves

current to generate a voltage source for threshald triggering.
When converting the output to a voltage, insure that the
voltage at the output pin remains above Vgg in order to avoid
saturation of the output transistor. It is recommended that the
voltage at Cgyt be in the range of 7.5V to 8.5V for a 6.0V
Vgg. Two methods for achieving this are shown below:

BASE BIAS VOLTAGE Vgg
Ve

Figure 4.

Vﬂl

Cout Vour

Figure 5.

Couro—— v
r—oVgyr

VH1

Note: 1. 7.5V Vy <85V
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Calibration

The TDC1004 requires two supplies (Vg and Vgg) and a
reference current source (IRep) for proper operation. The
voltage at the Iggr pin will vary from part to part due to
differences in input impedance; hence, the source will be
specified as a current source. The analog output current will
be directly proportional to IRgF; therefore it is necessary to
scale IRgp to minimize output error due to variations.

The tota! output current {Icgn) is equal to the number of
correlation bits (N) times the individual bit currents

{lgiT = 40pA £ 3uAl plus the offset current

{icgz = 320pA + 20pA).

Therefore, the total output current can be expressed as:

Icon = N x IgiT + Icoz
As noted in the electrical characteristics, Ig|T and Iggz vary

separately over the temperature range; thus, by using the
following procedure, IRgr can be adjusted to yield a
statistically zero mean input current variation.

Calibrate Ipgr as follows:

1) Set Vgg at Vgg + 1+ 0.3V

2) Set IpgF to 320pA

3) Measure Ipgz fzero correlation analog output current)
4] Measure IggFs (full scale correlation analog output)
5] Reset IggF to:

2.56mA
ficors-Icoz!

*This procedure may be done iteratively by taking the new
IREF and repeating steps 3 through 5.

* New IpgF = x 0d Iggp

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1004J9C STD-Tp = 0°C to 70°C Commercial 16 Lead DIP 1004J9C
TDC1004J9G STD-Ty = 0°C to 70°C Commercial with Burn-In 16 Lead DIP 100496
TDC1004J3F EXT-Tp = -55°C t0 125°C Commercial 16 Lead DIP 1004J9F
TOC1004J9A EXT-Tp = -55°C to 125°C MIL-STD-883 16 Lead DIP 1004J9A
TDC10048N EXT-Tg = -55°C to 125°C Commercial with Bum-In 16 Lead DIP 1004U9N

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

others.
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Preliminary Information

Floating Point Arithmetic Unit
22-bit

The TDC1022 is a manolithic, 22-bit floating paint arithmetic e Selectable Pipelining
unit. Its operands are two 22-bit floating point numbers, each e Selgctable Add/Accumulate Function

with a 16-bit Wwo's complement sngn[flcand and a two's e Selectable Overflow/Underflow Characteristics
complement 6-bit exponent. All data inputs and outputs,
instruction bits, and controls are registered. ® Three~State TTL Outputs

® Available In 64 Lead DIP, 68 Contact Chip Carrier Or 68

The TOC1022 allows parallel loading and outputting of data. Leaded Chip Carrier
Interna! pipeline registers may be enabled to permit a .
throughput rate of 10MHz (100ns). Three~state output buffers Applications

are provided. All signals are TTL compatible. o ALU In Array Processors

® Microprogrammed Signal Processors

® Conversion Between Fixed/Floating Point Numbers
o Floating Point Digital Filters And FFT's

o Geometric Transforms

® Image Processing

Features

® Two's Complement Floating Point Operation

o 100ns Pipelined Cycle Time

© Dynamic Range Equivalent To 64-Bit Fixed Paint
® Parallel Data I/0 Structure

Functional Block Diagram

ACCUMULATOR PATH

~
O Wt e
o) T 2 00710
-0 A
w ) -, e LA
b ~
Frrd 7 T [ ZERQ
e R — &
. >
- | ‘ L ]
- b (=
?E:: f—— l [=/—0> RNDSCALMT [ SOV (FLAG)
o)
[~}
| 1 ] L J | | | I |
INPUT DENDRMALIZE AU RENORMALIZE ROUND/SCALE/LIMIT oUTPUT
SECTION SECTION SECTION SECTION SECTION.
A R LR T S T I T TR Lk REN T
LS! Products Division Phone: (619) 457-1000 OTRW Inc. 1984
TRW Electronic Components Group Telex: 697-957 40600270 Rev. C-1/84
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

ACCUMULATOR PATH

'lni?gﬂﬂs T PIPELINE ouTPUT
2 ® S REGISTERS REGISTERS.
D Muxy Ra T n 00719
-0 . ¥ e @ I/ J
A} ureH U ] ENDAM RENORM @
A SHIFTER SHIFTER L y
=]
ax " ——- S A
[ AcC 1 - * §E]|;U
L ~ = o | Ao ] v
N "
14 £ “w >
— Tk
= X } l =y
1 ] 3 ko sca
LR = = " oK
l:?.g :’:{) “ :st> RNDSCALMT L“’ L]
ak
Pl | J JL J 1 J
INPUT DENORMALIZE A RENORMALIZE ROUND;SCALELIMIT DUTPUT
SECTION SECTION SECTION SECTION SECTION
Pin Assignments
D05 1 64 DOyg
GND 2 63 D03
EUN 3 62 DOy
ZERO 4 61 DOy
EOV 5 60 DOy
SOV 6 [4 59 DO - < |0 D WO — N Mmoo ol
D0y 7 <58 Dog s5EE S 885555555
D0y; 8 5 DOy ERRCRBREIRNCRIIS LT
DO 9 56 DOg
D0y 10 55 ngs ol 61 s 0o,
DOy 11 00 DIy 62 a2 nog
00y 12 53 003 oL 3 #1 Do
SCA 13 52 DOy J g
LMT 13 51 DO Di5 64 4 DOy
RAND 15 50 DOy Dig 65 33 DOy
GND 16 43 Voo Dl 66 38 DOy
i 17 48 OF DIg 67 37 DOy
I 18 47 FT Dig 68 36 DOya
|1 19 [ 46 El_-_'_( lllm 1 35 Dﬂ|5
I 2 i“ L8 Olyy 2 3 GND
ACC 21 4 (DA Dy 3 13 EUN
g:ﬂ g :g g:ﬂ oly3 4 R ZERO
20 1 Dijy 5 31 EoV
Dlyg 24 41 Dl D5 6 20 Sov
Dlig 26 40 Di3 o 7 ] 7 BO
Dly7 26 39 Dy 16 16
Dhg 27 38 DIg Dy 8 28 DOy
Dlys 28 37 Dig Dlig 9 27 DOyg
Diyy 2 3% Dh
Dij3 30 35 Dig LR - E-E-
Dijp 31 3 Dlg 2l PNk Ss g2
Diyy 32 3 Diy g5282 B222EEZSSS
64 Lead DIP - J1 Package 68 Contact Or Leaded Chip Carrier - C1, L1 Package
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Functional Description

General Information

The TDC1022 has six functional sections: input section,
denormalizer, ALU, renormalizer, round/scalellimit section, and
output section.

Two 22-bit floating point operands, along with the instructions
and controls, are brought into the TDC1022 at the input
section. When accumulate mode is selected, the operands are
the result of the previous calculation.

The denormalizer selects the operand with the smaller
exponent and downshifts its significand to compensate for the
difference in exponents. The operands are then passed to the
ALU.

The ALU performs the selected arithmetic function and passes
its result to the renormalizer. Data pipeline registers focated

between the ALU and the renormalizer may be enabled to
permit a throughput rate of 10MHz (100ns).

The renormalizer removes redundant leading bits (zeroes in the
case of positive numbers, ones in the case of negative
numbers) by upshifting the significand and decrementing the
expanent accordingly. The number is normalized when the MSB
and the next bit differ (S15® S14 = 1). Flags are generated
in this section which are used by the limiter.

User selectable rounding, scaling (decrementing the exponent by
one, thus performing division by twol, and limiting functions
are available. The adjusted result, along with the flags, then
enters the output registers.

Input Section

The inputs to the TDC1022 are: data inputs Dlpq_(, Latch A
control (LDAJ, enable signals for Registers B and I {LOB, (DI},
mode controls ACCumulate (ACC) and Pipeline Register
FeedThrough (FT), three ALU instruction bits l7_g), and three
signals which control adjustment of the ALU result: RouND
(RND), SCAle (SCA), and LiMiT (LMT). All inputs are registered

except FT, ACC, and the register controls.

Operand {nput

Input operands A and B are timeshared on one 22-bit input
port. Latch A is provided before the input to Register A to
allow for proper demultiplexing to Registers A and B. Latch A
is transparent when [DA is low. Data A is clocked into Latch
A at the rising edge of [DA. MUXIA) selects between the

LSI Products Division
TRW Electronic Components Group

contents of Latch A (ACC=0) and the result of the previous
calculation (ACC=1) based on the state of the accumulate
control, ACC. Register A is always loaded at the rising edge of
CLK.

Register B inputs are also connected to the input port
{Dlg1_g}. Register B is in hold mode when LDB is high, and is
loaded at the rising edge of CLK when LDB is low.

Instruction and Control Input

The instruction register (Register 1) accepts inputs I7_p, RND,

SCA, and LMT when [DT is low. When DI is high, Register |

is in hold mode. The rising edge of CLK loads Register | when
Dl is low.
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Denormalizer Section

Floating paint addition is performed by forcing the two
exponents to equal values and then adding the significands.
The greatest accuracy is maintained by denormalizing the
operand with the smaller exponent. This is done by
right-shifting the significand n-places with sign-extension
(downshifting), where n is the difference between the two
exponents. The exponent of the denormalized operand is
incremented by n, thereby equating the expanents. These
internal operations are performed automatically by the
TDC1022.

With 16-bit significands, the maximum allowable shift is 15
bits. If the exponents differ by 16 or more, the TDC1022 will
yield a significand of zero (0.000 0000 0000 0000) when
denormalizing a positive number and a significand of -1 LSB
(1117 1111 1111 1111} when denormalizing a negative number.
All bits shifted beyond the LSB position are truncated.

After denormalization, the two significands are passed to the
ALU where the selected arithmetic function is performed.

ALU Section

Operation of the ALU section is controlled exclusively by the
ALU instruction micracade, Ip_g. The 17 bit significand
emerging from the ALU (which includes one overflow bit)
enters the significand pipeline register {Register S|, and the
exponent enters the exponent pipeline register {Register E).
These registers may be made transparent by asserting the
feedthrough control (FT=1); they are functional when FT=0.
Note that there is no pipeline register for the instructions.
Detailed discussion of the pipelined mode is provided at the
end of the ALU functional description. The eight ALU
instructiens are described below.

ALU Instructions

Instruction 7} ] ln Name

0 0 0 0 ZERO

1 0 0 1 A+B

2 0 1 0 A-8B

3 0 1 1 B-A

4 1 0 0 Normalize B

5 1 0 1 Normalize (-B)
[} 1 1 0 Denormalize A

7 1 1 1 Denormalize {~A)
310

Zero

Both the A and B data fields are forced to ZERO (exponent =
100 000, significand = 0.000 0000 0000 0000). The contents of
the input registers are unchanged. The ZERQ flag is set high,
and the final output is 0.0 x 2-32.

A+B

The ALU adds the significands after the operand with the
smaller exponent has been denormalized. Round should be
enabled (RND=1) in this mode.

A-B

The operand with the smaller exponent is denormalized.
Negative B is generated in two's complement form by one's
complementing the B significand, then adding 1 LSB. This
addition of 1 LSB is necessary due to the asymmetric nature
of the two's complement number line and is called adding a
“hot-one”. The significands (A and -BJ are then added. The
rounding function must be disabled during subtraction (RND=0).

B-A

This operation is the same as A-B, except the operands are
reversed. As before, the rounding function must be disabled
during subtraction.

LSI Products Division
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Normalize B

This function is used to normalize a number entering the B
data field. The A operand is forced to ZERQ (0.0 x 2732} w0

ensure that B passes through the denormalizer unchanged. The

ALU does not affect the B operand, which is passed through
to the renormalizer. Redundant leading ones Inegative numbers)
or leading zeraes [positive numbers) are removed by
left-shifting {upshifting) the significand while decrementing the
exponent, thereby normalizing the number. The number is
normalized when the MSB of the significand does not match
the next lower bit [see Data Format, page 315). If B is already
a normalized floating point number, this instruction is effectively
a “pass—through.” If B is an unnormalized floating point
number, the TDC1022 will attempt to normalize it, generating
an Exponent UNderflow flag (EUN) if the exponent exceeds its
maximum negative value. This instruction would be most
frequently used to convert a fixed point number into a floating
point number.

Normalize (-B)

The B significand is one’s complemented and a “hot-one” is
added to the LSB, generating -B in two’s complement form.
This result is normalized as in the preceding instruction.

Denormalize A

This is used to convert a floating point number, A, to a fixed
point number scaled by B. The B significand is zeroed, but not
the B exponent. If the A exponent is less than the B exponent,
the denormalizer downshifts the A significand up to 15 places.
Beyond shifts of 15 places, positive significands become zero
and negative significands become -1 LSB. If the A exponent
exceeds the B exponent, the Significand OVerflow flag {SOV) is
set. In this case, the significand output remains unchanged.
This instruction disables the renormalizer section.

Execution of the Denormalize instructions in pipelined mode
must be handled carefully. Since the instructions are not
pipelined, it is necessary to execute a “fill” instruction

LS! Products Division
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le.g., same instruction repeated), prior to start of
Denormalization to avoid interfering with other data going
through the pipeline. The first result will be undefined; the true
denormalized results start to emerge after the second result. It
is alsp necessary to execute an extra denormalize instruction
after the final desired denormalization to prevent the
renormalize shifter from being enabled. The result of the
calculation after the final denormalize will again be undefined.
Basically, when doing the denormalize instruction n-times, n+1
denormalize instructions must be executed. Note that the SOV
flag is generated before the pipeline register, and since there is
no pipeline register for the flag, it will emerge one clock cycle
ahead of the data it represents. This will cause improper
functioning of the limit section; the result of the calculation
previous to the one causing the overflow will be limited in this
case {when LMT=1). Additionally, the overflow case will be
passed through without being limited, since the SOV flag has
already taken its effect.

Denormalize (—A)

The A significand is one’s complemented and the “hot-one” is
added to the LSB, creating -A in two's complement. This
result is denormalized as in instruction Denormalize A. Note
that the case where this instruction is executed with the A
significand = 1.000 0000 0000 0000, and the A exponent = B
exponent is undefined. ' ‘

This is due to the fact that -(-1) = +1 is not representable
in two's complement. This case will generate the SOV flag.
The ZERO flag is set when Denormalize (-A) is executed with
A = -1 any time the A exponent is greater than or equal to
the B exponent. In these cases, a clean zero (0.0 X 2-32) is
the output. Attempting to Denormalize (-A) for A = -1,
where the A expanent is 16 or more than the B exponent,
results in the output of the B exponent, a significand of

+1 LSB, and no flags are set. Use of the Denormalize (-A} in
pipelined mode causes the same situations which occur when
Denormalize A is executed (see abovel.

mn
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Operation of the TDC1022 in Pipelined Mode

There is no pipeline register for lp_g, RND, SCA, and LMT. As
a result, when the TOC1022 is operated in pipelined mode, the
RND, SCA, and LMT functions must be delayed one clock
cycle from the data and instructions {I7_g) with which they
are associated for proper operation. This is true since these
functions take effect after the pipeline registers, which delay
the data resulting from execution of ALU instructions on the
input operands. RND, SCA, and LMT affect the results of the
ALU output on the current clock cycle, which is the result of
the previous calculation when pipeline mode is used.

Use of the Denormalize instructions in pipelined mode is
covered under the description of instruction “Denormalize A,” in
the ALU instructions.

Changing the instructions when in pipelined mode requires
consideration of all the above mentioned facts. Changing states
on the FeedThrough control {FT) is not permitted.

Renormalizer Section

The significand result emerging from the ALU is examined for
possible positive or negative overflow into the 17th bit. If
overflow is detected, the renormalization logic downshifts the
significand one bit while incrementing the exponent by one:
The resulting number is then assured to be a normalized
“number.

If no overflow is detected, the renormalize section removes
redundant leading zeroes of positive numbers (leading ones of
negative numbers) by upshifting the significand and
decrementing the exponent. This process is continued until the
number is normalized, which means that the MSB and the
next bit are different (see also Data Format, page 315).

The TDC1022 will always produce a nermalized number as the
final output, except when either Denormalize A or Denormalize
(-A) is executed. This is true regardless of the states of RND,
SCA, and LMT.

All flags except the Significand OVerflow (SOV) flag are
generated in this section. Upon completion of rounding and
scaling, the flags may need to be set. This is handled in the
next section. The renormalized number and the flags are
passed directly to the round/scale/limit section.

Flag Generation

EOV The EQV flag is set high (EOV=1) when the
exponent exceeds its maximum pasitive value of
+31.

32

EUN The EUN flag is set high (EUN=1) when the
exponent drops below its maximum negative
value of -32.

ZERO The ZERO flag is set high (ZERO=1) when the

significand is zero due to the subtraction of two
identical significands, the execution of instruction
ZERD, or Denormalization of positive numbers
where the significand is shifted beyond the LSB.
The ZERO flag is also set when Denormalize
{-A) is executed where A = -1 and the A
exponent is greater than or equal to the B
exponent. When the ZERO flag is set, a clean
zero is always output.

Sov The SQV flag can only be set high {SOV=1)
when either instruction Denormalize A or
Denormalize (-A} is executed. If either of these
instructions is executed and the A (data)
exponent exceeds the B (seed) exponent, the
SOV flag will go high. The only other way to
set SOV high is to execute Denormalize {-A)
with the A exponent greater than or equal to
the B exponent, and an A significand of -1. In
this case, the ZERQ flag is erroneously set and
the TDC1022 outputs a clean zero. In any
normalized mode, the significand cannot
overflow.

LS| Products Division
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Round/Scale/Limit Section

The round/scale/limit section operates on the normalized floating
point number passed to it from the renormalizer. The
operations of rounding and scaling occur before the limit
function, since it is possible for rounding and scaling to
generate exponent overflows or underflows. The flags (SOV,
EQV, EUN, ZERQ} are used by the limit section to produce the
appropriate result of maximum positive, maximum negative, or
zero. In pipelined mode, the controls RND, SCA, LMT must be
delayed one clock cycle from the data which they are to
influence. The output of the limit section, along with the flags,
goes directly to the output registers.

Rounding

When the round control is high {(RND=1), the TDC1022 adds a
1 to the 1/2 LSB position. This results in a carry propagation
into the LSB if there was a 1 in the 1/2 LSB position.

Scaling

When the scale [divide by twol control is high (SCA=1), the
exponent is decremented by one, resulting in a division by
two. Note that if the exponent is -32 and SCA=1, the EUN
flag would be set and if the limiter is turned off (LMT=0), the
resulting exponent is +31. This condition would produce the
correct result of ZERO (0.0 x 2-32) if the limiter is enabled
(LMT=1).

Limiting

When the limit function is disabled (LMT=0), the significand
and exponent retain their two's complement characteristics
upon overflow; adding one to maximum positive numbers
return maximum negatives, and subtracting one from maximum
negative yields maximum positives.

When the limit function is enabled (LMT=1) and exponent
overflow occurs, the data output is clipped. The resulting
output is the maximum positive number possible

lexponent = 011111, significand = 0.111 1111 1111 1111} if
the significand is positive. If the significand is negative, the-
resulting output is the maximum negative number possible
{exponent = 011111, significand = 1.000 0000 0000 000O).

When the limit function is enabled and exponent underflow
accurs, the data output is forced to ZERO, regardless of the
sign of the significand. This also occurs when a zero
significand (denoted by the ZERO flag being setl with an
exponent other than -32 exists. These cases will always be
replaced with clean zeroes, regardless of the state of the LMT
contral.

When the limit function is enabled and significand overflow
accurs, the limiter clips the emerging result to a full-scale
maximum positive or negative value, as appropriate. The case
of Denormalize (-A) with A = -1 and the A exponent greater
than or equal to the B exponent results in the output of a
clean zero, since the ZERD flag is also set.

Qutput Section

The data and flag output registers are unconditionally loaded at
the rising edge of CLK. The data output emerges through a
three-state, 22-bit output port. The output format is identical

LSI Products Division
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to the input format. The flags are not three-stated, and the
flag buffers are always enabled.
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Signal Definitions

- ST ——
Signal Name Function Value J1 Package C1, L1 Package
Power
Vee Supply Voltage +5.0V Pin 49 Pins 52, 53
~ GND Ground 0ov Pins 2, 16 Pins 18-20, 34, 44
CLK Clack TiL Pin 48 Pin 56
Data Input
- [DA Latch A Control T Pin 44 Pin 58
DB Register B Load Control TIL Pin 45 Pin 57
Diy1p Data Input TIL Pins 22-43 Pins 1-12, 53-68
Control, Instructions
i Register | Load Control TIL Pin 17 Pin 17
FT Feedthrough Control s Pin 47 Pin 55
ACC Accumulate Control TIL Pin 21 Pin 13
l-p ALU Instructions L Pins 18-20 Pins 14-16
RND Round Control TIL Pin 15 Pin 21
SCA Scale Control T Pin 13 Pin 23
LMT Limit Control T Pin 14 Pin 22
Flags .
ZERD Zero Flag L Pin 4 Pin 32
sav Significand Overflow Flag m Pin 6 Pin 30
EQV Exponent Qverflow Aag L Pin 5 Pin 31
EUN Exponent Underflow Flag L Pin 3 Pin 33
Data Output
(13 Three-State Qutput Enable L Pin 48 Pin 54
D0y1_g Data Qutput L Pins 1, 7-12, 50-64 Pins 24-29, 35-43, 45-51

314
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Floating Point Data Format

z"z‘ eeccoe z'Iz“l |4° 1‘I21 eesecvssscne 2
I“z- Dx Oy Og O Ou Oy

EXPONENT
Exponent

The exponent is represented by bits Dqg through Do1. It is a
two's complement integer with Dgq the two's complement sign
bit. The exponent ranges from -32 to 31.

20
=Dy x (-2 + 3 Dyx2in-16
n=16

Exponent

Significand

The significand (sometimes referred to as the MANTISSA is
represented by bits D45 through Dg. It is & fractional two's
complement number with 16-bit precision: D15 is the two's
complemem sign bit. The significand ranges from -1 to
(1-2-19,

Dp X 2(n-15)

Significand = Dqg5 x (-1} +

=0

LS| Products Division
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,ul,\sl Zero

b "“l Zero is represented as follows:

Significand = 0.000 0000 0000 0000
Exponent = 100 000

Representable Floating Point (FLP) Number Range

Normalized Floating Point Range: A normalized floating point
number is one for which the first two bits of the significand
(D95 and Dq4) are different, that is D15 ® D1g =

POSITIVE

UNoERHowW UNDERFLOW

2680
Fre Ry U] 23g%

POSITVE

. WEIFI.OW OVERFLOW

315
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TDC1022 Timing Diagrams

General Information

TDC1022 can be operated in any one of the following four In non-pipelined modes, the CLK periad teyy is approximately
modes: twice as long as the CLK periods of the pipelined modes tgyp.
1. Non-Accumulate without Pipelining (ACC=0, FT=1)  The input register setup and hold times, the output delay time,
2. Non-Accumulate with Pipelining (ACC=D, FT=0}  the three~state enable and three-state disable times are the
3. Accumulate without Pipelining (ACC=1, FT=11  same in all four modes, thus they are only shown for the

4. Accumulate with Pipelining {ACC=1, FT=0)  non-accumulate without pipelining mode Isee below.

Figure 1. Non—Accumulate Mode Without Pipelining

The output data is available one clock cycle after the input data is entered.

N—
f=ts i._ fe-tg ] ty [— u

n XRXXXX % _XXXXKXKKXX % XXXRRKXXRRXRX 7 XXXKXRXXRKE o XKXXKXKEXX

© RYRXXXXXXXXXRXXEXRERS | ARRXRXXXXRKXXXXXKXRRKXXIRRN | ARKRKXXRXR

' SRR XXX XX KKK I XK KKK KKK X KX XXXRXR ' XKEXFXKIEK,

", - 0 f=— }“‘\I'nxs
- (XXX oy XXX )
‘ Ly N
] v [
UG RAG_; A6 X FLAGY
ACC HELD LOW FT HELD HIGH |

Figure 2. Non—Accumulate Mode With Pipelining '

The output data is available two clock cycles after the input data is entered.

= —
: —

N/ n__/ N/ [ — n__/
o XXX h XXXX B XOOXXX M XXXX & XXXXX % XAXX & XXXXA % XAXA B XXXXX & XX
a 0000000 LXK LN LXOOOOXXN LXK
1 X0000000CKXXXX s XOOGOOOXX v  XXXOOCOOXX = XOOOGOOOXXX 1 XXOOOXXXX
XG0 LXOORXXN LY ALXRRXN LXK

o QOCXX -2 ) QXXX -1 ) XXX e QOXX o
[
FLAGS FLAG_3 X FLAG_, X FLAG_ X FLAGy X FLAG)

ACC HELD LOW. FT HELD LOW. | | | |

Note: 1. Since AND, SCA, LMT are NOT pipelined, they must be entered one clock cycle after the data which they are to affect.
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Figure 3. Accumulate Mode Without Pipelining

The first output data is available one clock cycle after the first
input data is entered. The output is further described below:

1. The first output is the result of performing the first
instruction on the first two operands.

0UTg=ig {Ag, Bp)

oK
\ /

2. The second output is the result of performing the second
instruction on the second two operands.

0uT1=11 (A1, Bl

3. Any subsequent output depends on the previous output and
the current instruction and incoming operand.
0UTp=1y {0UTp -1, By

\ T

N

n XXRXRX & XXXXXXKKKK ®

XXXXRXXXRXKXXOCROAXX 1 XXXXXXXXX

w5 XXXXX XXX AXAKAX XXX XXX
| V""‘V.V‘V.V‘V’V’V’V" '.""V’V"‘V’V

AXXXKXRRXXXRCRXRKCHKREN

AXXXXXXXX

N v’v.v.v.v’v’v’v’v‘v‘v‘v.v‘v’v.v v.v.v‘vov.v’v‘v’v‘v.v.v I v.v.v.v.v.v.v.v \V

@ XXX

AR XA RIXKXAXXKXN

AXXXXXAXX

" —CXXXX =y
4 \ , \__—/_
FLAGS FLAG_) X FLAG_ X FLAG,

ACC HELD HIGH. FT HELD HIGH. l

Figure 4. Accumulate Mode With Pipelining '

The first output data is available two clock cycles after the
first input data is entered. The output is further described
below:

1. The first output is the result of performing the first
instruction on the first two operands.

0UTg=Ig (Ag, By
2. The second output is the result of performing the second

instruction on the first output and the incoming operand.
0UTq=1y (OUTg, Bq)

3. The third output is the result of performing the third
instruction on the first output and the incoming operand.

0UT9=ly {0UTp, Byl

4. Any subsequent output depends on the output from two
cycles ago, the current instruction, and the incoming
operand.

OUT, =1y 10UT,—g, Byl

)

|

N

__—\_

59

n__/

e
(>
9%
>

XXXXXX*a XXXX & XXXXX % XXXX 1 XXXXRXKXXAAXK %2 XXXRXAKXAARKK s XXXXXXXKKX
XXX | AXCXKRXXRIIN | AXXXKXXXON | AKX | AXXKXXXXXX
- XXX o OO 1 XXXXKXXXXXX 2 XOOCOXX. = XXX
o XA | AKX AKX, | AXCOOOXKXN | AXXKXXRXXX

o XK @2 ) XXX =-0) XXX o5 VDD,
[
" Aass FAG_3 X FAG_; X FLAG_y X Gy X FLAGy

ACC HELD HIGH, FT HELD LOW | | ‘ |

Note: 1. Since RND, SCA, LMT are NOT pipelined, they must be entered one clock cycle after the data which they are to affect.
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Figure 5. Equivalent Input Circuits Figure 6. Equivalent Output Circuits
Vee Voo —o V¢
10082
INPUT o INPUT ©
CLK
oUTPUT
R1 = 25K —
R2 = 10K (i3
ALL OTHER
CONTROLS
1 Digp L 1
Figure 7. Normal Test Load Figure 8. Three—State Delay Test Load
+Vee 10 5000 26V
OUTPUT
PIN
81092 40pF
10 k
OUTPUT D—I—k—«
PIN A 4
Y. 1N3062 =

40,

=
)

|

Y
foe
b

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

Supply Vot -05 to 7.0V

Input Voltag -0.5 to 55V
Output
Applied voltage -05 to 552
Forced current -1.0 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.
Functiona! 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 ta specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

Temperature Range
Standard

Parameter Min Nom Max Units
Vee Supply Voltage 475 50 528 v
oL Clock Pulse Width, Low 2 ns
PWH Clock Pulse Width, High 2 ns
tPWA Clock Pulse Width (LDA) 30 , ns
tg Input Setup Time 30 ns
ty Input Hold Time 0 ns
SHA Input Hold Time (Latch A) 4 ns
Vit 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
Ta Ambient Temperature, Still Air 0 0 °C

LSI Products Division
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——— ————
Electrical characteristics within specified operating conditions
R
Temperature Range
Standard
Parameter Test Conditions Min Max Units
lcc  Power Supply Current Voo = MAX, static 900 mA
L Input Current, Logic Low Voo = MAX, Vi = 08V
{al inputs except CLK, OF) -04 mA
CLK, OF -08 mA
iy Input Current, Logic High Voo = MAX, Vi = 24V 75 A
] Input Current, MAX Input Voltage Voo = MAX, V) = 55V 10 mA
VoL Output Voltage, Logic Low Vee = MIN, Ig = 40mA 05 v
Voy  Output Voltage, Logic High Vee = MIN, lgy = -0.4mA 24 v
lgzn  High-Z Output Leakage Current Voo = MAX 0 LA
lgz.  High-Z Output Leakage Current Voo = MAX -40 HA
lgs  Short Circuit Output Current Vee = MAX, Dne pin to ground, -40 mA
One second duration, Qutput High
Cy Input Capacitance Tp = 25°C, F = 1.0MHz 15 pF
Cg  Output Capacitance Tp = 25°C, F = 1.0MHz 15 pF

Switching characteristics within specified operating conditions

m

Temperature Range
Standard
Parameter ‘ Test Conditions Min Max Units
toyp  Cycle Time, Pipelined Vee = MIN 100 ns
toyn  Cycle Time, Non-pipelined Ve = MIN 200 ns
tp Output Delay Vee = MIN, Load 1 40 ns
teya  Three-State Output Enable Delay Voo = MIN, Load 1 ki ns
tois Three-State Qutput Disable Delay Voo = MIN, Load 2 35 ns

LSI Products Division
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Ordering Information

Package

Product Temperature Range Screening Package
Number Marking
TDC1022J1C STD-Ty = 0°C to 70°C Commercial 64 Lead DIP 102201C
TOC1022)1G STD-Tp = 0°C to 70°C Commercial With Burn-In 64 Lead DIP 1022016
Toc1022C1C STD-Ty = 0°C to 70°C Commercial 68 Contact Chip Carrier 1022c1C
TDC1022C1G STD-Ty = 0°C to 70°C Commercial With Burn-In 68 Contact Chip Carrier 1022C1G6
TOC1022L1€ STD-Ty = 0°C to 70°C Commercial 68 Leaded Chip Carrier 1022L1C
TOC1022L1G ST0-Ty = 0°C to 70°C Commercial With Bun-In 68 Leaded Chip Carrier 1022116

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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B4~ bit

The TRW TDC1023 is a monolithic, all-digital 64-bit correlator @ Output Format Flexibility
with a 7-bit three-state buffered digital output. This device * Three-State Outputs
consists of three 64-bit independently clocked shift registers,

one 64-bit reference holding latch, and a 64-bit independently Applications

clocked digital summing network. The device is capable of a

17MHz parallel correlation rate. ® Check Sorting Equipment
® High-Density Recording
The 7-bit threshold register allows the user to preload a o Bar Code Identification

binary number from 0 to 64. Whenever the carrelation is equal . o
to or greater than the number in the threshold register, the ° R'adar Signature Hecng.nm.on
threshold flag goes HIGH. ® Video Frame Synchronization

o Electro-Optical Navigation
The 64-bit mask shift register (M register) allows the user to e Pattern And Character Recogpition
mask or selectively choose “no compare” bit positions enabling

o  Cross-Correlation Control Systems
total word length flexibility. y

o Error Correction Coding

The reference word is serially shifted into the B register. By o Asynchronous Communication
clocking the R latch, the data is parallel-loaded into the R
reference latch. This allows the user to serially load a new
reference word into the B register while correlation is taking
place between the A register and R latch. The two words are
continually compared bit—for-bit by exclusive-0R circuits.
Each exclusive-0R provides one bit to the digital summer. The axy A "2 “'l Aot I—*‘"‘" cks
output is a 7-bit word representing the sum of positions ¢
which agree at any one time between the A register and R

Functional Block Diagram

PIPELINED

latch.
(3 STAGES)

A control provides either true or inverted binary output

formats.

Features

-® 17MHz Correlation Rate ”"'—’l Y l %

o TTL Compatible axs [} [}

e All Digital el ol ®

® Single +5V Power Suppl m,,,::l—

.g pp y . 0 ClK M Ml l "

o Serial Data Input, Parallel Correlation Output Voo

® Programmable Word Length ———oGKD

* [ndependently Clocked Registers

o Available In 24 Lead DIP

ST IR

LSI Products Division Phane: (819) 457-1000 ©TRW Inc. 1984
TRW Electronic Components Group Telex: 697~957 40600283 Rev. E-1/84
P.0. Box 2472 TWX: 910-335-1571 Printed in the U.SA.

La Jolta, CA 92038
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Functional Block Diagram

A ;
IN—>1 b |eee| s }»Aour CLK S

CLK A —P
PIPELINED
DIGITAL
: SUMMER
(3 STAGES)
INV ‘
1
Ry
By

~\

b-'r -j"T - TFLG

LDR —» Ry o000 | Py
) ) T :

CLK B TREG l@g— CLK T

By B lJeee| By | b— 5y

7
My —»
W M M |eee| Mu | —p My

CLK M —]

—0 V¢¢
————0 GND
1095

Pin Assignments

Ve 1{@ [ 24 CIK B
My 2 123 CLKM
Ay 3 122 CIKA
By 4 121 LDR
CLKT 5 ] 120 Mgyt
CIKS 6 118 Agyr
INV 7 118 Bout
TS 8 b 17 TFLG
105 9 0 16 GND
105 10 115 10
104 11 114 104
103 12 113 10y

LSI Products Division
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Functional Description

General Information

The TDC1023 consists of an input section and an output latch, XOR/AND logic and a pipelined summer. The output
section. The input section contains A, B, and M registers, an R section consists of threshold, inversion and three-state logic.

Power

The TDC1023 operates from a single +5 Vaolt supply.

Name Function Value J7 Package
GND Ground o.ov Pin 16
Veo Supply Valtage +50V Pin 1
Control
INV Control that inverts the 7-hit digital output. LDR Control that allows parallel data to be loaded
When a HIGH level is applied to this pin, the from the B register into the reference R latch
outputs 10g_g are logically inverted. for correlation. If LDR is held HIGH, the R latch
is transparent.
TS Control that enables the three-state output
buffers. A HIGH level applied to this pin forces
outputs into the high-impedance state.
Name Function Value J7 Package
INV Invert Qutput TiL Pin 7
T8 Three~State Enable L Pin 8
LOR Load Reterence T Pin 21
Clocks
CLK A, Input clocks. Clock input pins for the A, M, and  CLK S Digital summer clock. Clock input which allows
CLK M, B registers, respectively. Each register may be independent clocking of pipelined summer
CLK B independently clocked. network.
CLKT Threshold register clock. Clock input pin for T
register.
Name Function Value J7 Package
CLK A A Register Clock TIL Pin 22
CLK M M Register Clock T Pin 23
(LK B B Register Clock m Pin 24
CLKT Threshold Register Clock TIL Pin &
CLK S Digital Summer Clock TIL Pin 6

LSI Products Division
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Data Inputs
Min Allows the user to choose “no compare” bit AN, BIN Shift register inputs to the A and B 64-bit
positions. A “0" in any bit location will result in serial registers.
a no-compare state for that location.
Name Function Value J7 Package
My Mask Register Input L Pin 2
AN Shift Register Input T Pin 3
By Shift Register Input i Pin 4
Data Outputs
10g-g Bidirectional data pins. When outputs are TFLG TFLG output goes HIGH whenever the
enabled (TS LOW), data is a 7-bit binary correlation score is equal to or greater than the
representation of the correlation between the number loaded into the T register (0 to 64.
unmasked positions of the R latch and the A
register. 10 is the MSB. These pins also serve Bout. Shift register outputs of the three
as parallel inputs to load the threshold register. AguT, 64-bit serial shift registers: B, A, and M,
Data present one setup time before CLK T goes Mgyt respectively.
HIGH will be latched into the threshold register.
Name Function Value J7 Package
10g MSB i - Pin 9
105 m Pin 10
10 m Pin 11
10 T Pin 12
10, T Pin 13
104 m Pin 14
109 LS8 m Pin 15
6 Threshold Flag m Pin 17
Byt Shift Register B L8 Pin 18
Agut Shift Register A T Pin 13
Mour Shift Register M m Pin 20

LS! Products Division
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T1 Tii Diagrams

1. Continuous Correlation

The TDC1023 contains three 1 X 64 serial shift registers (A, B,
and M). The operation of these registers is identical and each
has its own TTL-compatible input, output, and clock. As
shown in the timing diagram (Figure 1), valid data is loaded
into register A (B, M) on the rising edge of CLK A (CLK B,
CLK M). Data-is valid if present at the input for a setup time
of a least tg [ns) before and a hold time ty (ns) after the
rising clock edge. ,

The summing pracess is initiated when the comparison result
between the A register and R latch is clocked into the
summing network by a rising edge of CLK S. Typically, CLK A
and CLK S are tied together so that a new correlation score is
computed for each new afignment of the A register and R
latch. When LDR goes HIGH, the contents of register B are
copied into the R latch. With LDR LOW, a new template may

72 (7]

be entered serially into register B, while parallel correlation
takes place between register A and the R latch. In the case of
continuous correlation, LDR is held HIGH so that the R.latch
contents continuously track those of the B register.

The summing network consists of three pipelined stages.
Therefore, the total correlation score for a given set of A and
B register contents appears at the summer autput three CLK S
cycles later. Data on the output pins 10g-g is available after
an additional propagation delay, denoted tp on the timing
diagram.

The correlation result is compared with the contents of the
threshold register. TFLG goes HIGH if the correlation equals. or
exceeds the threshold value. TFLG is valid after a delay of tp
(ns) from the third CLK S rising edge.

Figure 1. Continuous Correlation

tPWH l

1) \
10g—g Sn-4 )( SN-3 >< Su-2 >< SN-1 SN
tD tD
TFLG FN -4 )( FN -3 X FN-2 >< L Fy
LDR = HIGH
TS = LOW

Byy = REFERENCE
T REGISTER PRELOADED

LSI Products Division
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2. Cross—Correlation

When LDR goes HIGH, the B register contents are copied into
the reference latch IR latch). This useful feature allows
correlation to take place between data in the R latch and the
A register while a new reference is being serially clocked into
the B register. If the new reference is n bits long, it requires
n rising edges of CLK B to load this data into the B register.
For the timing diagram (see Figure 2), n = B64. LDR is set
HIGH during the final (nth) CLK B cycle, so that the new
reference word is copied into the R latch. The minimum low
and high level pulse widths for LDR are shown as tpyy| (ns)
and tpwy (nsl, respectively.

After the new reference is loaded, the data to be correlated is
clocked through the A register. Typically, CLK A and CLK S
can be tied together. This allows a new correlation score to
be computed for each shift of the A register data relative to
the fixed reference word in the R latch. The digital summer is
internally partitioned into three pipelined stages. Therefore, 2
correlation score for a particular alignment of the A register
data and the R latch reference appears at the summer output
three CLK S cycles later. After an additional output delay. of tp
(ns), the correlation data is valid at the output pins ((Op_g). If
this correlation result is equal to or exceeds the value in the
threshold register, then TFLG goes HIGH. TFLG is valid tp ins}
after the third rising edge of CLK S.

Figure 2. Cross—Correlation

———=
\

TS = LOW
Ay = PRELOADED
T REGISTER PRELOADED
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3. Threshold Register Load

The timing sequence for loading the threshold (T} register is may then be driven externally with the new threshold data.

shown in Figure 3. The T register holds the 7-bit threshold The data must be present for a setup time of tg [ns) before

value to be compared with each correlation result. The rising and ty s} after the rising edge of CLK T to be correctly

edge of CLK T loads the data present on the 10g_g pins into registered. The minimum low and high level pulse widths for

the T register. CLK T are shown below as tpyy) (ns) and tpywH Insl,
respectively.

The output buffers must be in a high-impedance state

(disabled) when the T register is programmed from an external  After TS is set LOW, there is an enable delay of teyp (ns)
source. After a delay of tp|g (nsl from the time TS goes before the internal correlation data is available at pins (Qg-g.
HIGH, the output buffers are disabled. The data pins 10p—g

Figure 3. Threshold Register Load

CLK A
CIKS Cy CN+1 Cns2 Cn+3 Cn+d

15
tpis —= ENA -

10y5
Sy_ _ S,
o X X v Y
10g_g misuum
IN
ts tH —=i

o_—_____ -\%7 ot _7m
XXXXXKXKXXREKKKXKXRKKKK)

Byy = REFERENCE
LOR = HIGH

TFLG

FN-1 )( Fn X FN+1
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4. Mask Register

In addition to the A and B shift registers, the TDC1023 has
another independently clocked register ~ the M, or mask
register. The M register functions identically to the A.-and B
registers, except that its parallel outputs are ANDed with the
exclusive-ORed outputs from the A register and R latch.

Many uses of the TDC1023 digital correlator require disabling
the correlation between certain bit positions (A; and Rj) of
input words A and R. While correlation data is being clocked
into the A andlor B register, a mask word may be entered
into the M register. Where no comparison is to be made,
zeroes are entered in those M register positions. The
exclusive~0R result between each bit position is ANDed with
a bit from the M register. Thus, if a particular mask bit (M) is
zero, the output correlation between A and B for that bit
position will be disabled. Consequently, a zero correlation is
presented to the digital summer for each masked bit position.

The mask register is useful for changing correlation word
length and location within the registers. Where a word is
undefined or no correlation is to take place, the M register
should contain zeroes.

330

The M register is useful for building logic functions. Note that

for each bit Aj and R, the correlation logic is:

A ® R = AR + ARi 1A exclusive-0R Rj)

This result is complemented at the input of the AND gates and
ANDed with the mask bit (M;} resulting in:

(AR; + ARjl ® M;

The last step, performed in the digital summer, is to sum the

above result over all bit positions simultaneously for a
correlation at time K:

n
CKI = 2
i=1

(A B + Ay Ri]e M;

where,
i=123.
n = correlation word length

LS| Products Division
TRW Electronic Components Group



TDC1023 I72<4

Figure 4. Equivalent Input Schematic

¢ ? Vee PIN VALUES NUMBER OF INTERNAL
R R2 Rl R2 CIRCUITS LOADING PIN
: Am, By, My 50K 35K 1
CIK A B M 35K 20K 2
INPUT — LDR 3K 20K 2
X h 4 CLK S BK 20K 3
¥ CLK T, INV 3K 20K 1
b 4
GND
Figure 5. Equivalent Circuit for 10g_g, AguT. BouT: Figure 6. Equivalent Circuit for Three—State (TS) Input.
Mgur and TFLG.
The circuitry to the right of dashed line is repeated 7 times.
Vee
THREE-
STATE TS
INPUT
GND
X 10g_g ONLY
OUT A, B, M
10g_g. TG ©
Figure 7. Normal Test Load Figure 8. Three—State Delay Test Load
+Vge 10 5002
OUTPUT
PIN
t
81092 a0pF 'ENA 1 [NA
b '[ s _% nis
0
ouTPUT 1 L 26V
PIN > LOAD 2 _L
20pF . 1N3062
| X
LDAD 1
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Absolute maximum ratings (beyond which the device will be damaged) '

Supply

Voltage

-05to +7.0V

Input Voltage -05 to +55V
Qutput
: Applied voltage -05 1o +55v2
Forced current -1.0 to +6.0mA34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, ambient -60 to 135°C
junction +175°C
Lead, soldering (10 seconds) 300°C
Storage -65 to 150°C
Notes:
1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.
Functional operation under any of these conditions is NOT implied.
2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as positive when flowing into the device.
Operating conditions
— ]
Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom | Max Units
Vec  Supply Voltage 475 50 5.25 45 5.0 55 v
tpwL Clock Pulse Width, LOW CLK A CLK B, CLK M, CLK S, LDR 20 20 ns
ClK T 25 30 ns
tpwH Clock Pulse Width, HIGH Clocks 25 30 ns
LDR 0 3 ns
15 Data Input Setup Time AN Bin Min 20 2 ns
10p—g 45 50 ns
tH Data Input Hold Time An Bin My 3 3 ns
10g—g . 0 0 ns
Vii  Input Voltage, Logic LOW 08 08 v
Viy  Input Voltage, Logic HIGH 20 20 v
lpp  Output Current, Logic LOW 40 40 mA
loy  Output Current, Logic HIGH ~400 -400 KA
Ta Ambient Temperature, Still Air )] 70 °C
Tc Case Temperature -55 125 °C

332
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Electrical characteristics within specified operating conditions

Temperature Range

Standard Extended

Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Vg = MAX, static!

Tp = 0°C to 70°C 335 mA

Ty = 70°C 295 mA

Tg = -55°C to 125°C 395 mA

Tg = 125°C 275 mA
i Input Current, Logic LOW Voo = MAX, V) = 05V

10g—g. TS -350 -400 HA

Clocks, INV, LDR -10 -13 mA
iy Input Current, Logic HIGH Veo = MAX, V) = 24V

10g, Controls 50 50 HA

Clocks, LDR 100 100 UA
I Input Current, Max Input Voltage Voo = MAX, V) = 55V 500 500 LA
Vg,  Output Voltage, Logic LOW Ve = MIN, Ig = MAX 05 05 v
Voy  Output Voltage, Logic HIGH Voo = MIN, Igy = MAX 24 24 v
loz.  Migh-Z Output, Leakage Current? Voo - MAX -350 -400 UA
lozq  Migh-Z Output, Leakage Current’ Vog - MAX 50 50 HA
G Input Capacitance Tp = 25°C, F = IMH:

Clocks 10 10 pF

10gg, Controls 5 5 pF
Cp  Output Capacitance Tp = 25°C, F = IMH: 15 15 pF
Note:

1. Worst Case: All digital inputs and outputs LOW.
2. Due to the 10p_g and T register interconnection, these values are the iy and I of the T register.

Switching characteristics within specified operating conditions

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
FSH Shift-In Clock Rate VCC = MIN 20 17 MHz
Fc  Correlation Rate Vg = MINT 17 15 MHz
) Digital Output Delay Vg = MIN, Load 1 {Figure 7)
10p_g 45 50 ns
Agur. Bour: Moyt % bl s
TFLG 40 45 ns
tgna  Three-State Output Enable Delay Vo = MIN, Load 2 (Figure 8) 40 45 ns
tplg  Three-State Qutput Disable Delay Ve = MIN, Load 2 (Figure 8) 35 3 ns
Note:
1. Synchronous clocking: CLK A = CLK B = CLK M = CLK S.
LSI Products Division
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Application Notes

1. The TDC1023 can be cascaded to implement correlations of ~ summer is required to generate the composite correlation
more than 64 bits. Typically, all clocks are tied together and score. Use of the T register and TFLG require additional
the A, B, and M outputs of preceding stages are connected to  hardware in this configuration.

the respective inputs of subsequent stages. An external

Figure 9. Cascading For Extended—-Length Cosrelation

CIK A
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2. When comparing a multi-bit word to a single-bit reference,  importance of the different bit positions. Normally, simple shifts
the outputs from the individual correlators must be ( + 2,4, 8,..) provide the required weighting.
appropriately weighted. This weighting reflects the relative

Figure 10. Multi-Bit x 1 Bit Correlation
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3. The correlation of two multi-bit words requires evaluating An example of two 3-bit words is shown below.

the term:
N For additional TDC1023 Digital Output Correlator applications,
RM) = =  hinx (M+n) see Application Note TP-17, “Correlation — A Powerful
no=1 Technique for Digital Signal Processing.” This application note

is available upon request from TRW LSI Products.

Figure 11. Multi-Bit Correlation
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Ordering Information
[ e et i e
Product Temperature Range Screening Package Package
Number Marking
TDC1023J7C STD-Tp = 0°C to 70°C Commercia 24 Lead DIP 1023J7C
TDC1023J7G STD-Tp = 0°C to 70°C Commercial With Burn-In 24 Lead DIP 102376
TDC1023J7F EXT-Tp = -55°C to 125°C Commercial 24 Lead DIP 1023J7F
TDC1023J7A EXT-Tp = -55°C to 125°C MIL-STD-683 24 Lead DIP 1023J7A
TOC1023JIN EXT-Tg = -55°C to 125°C Commercial With Bum-In 24 Lead DIP 1023JIN
LSI Products Division
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TDC1028

Preliminary Information

I N AL L

Digital Filter/Correlator
Building Block, 10MHz

The TDC1028 is a video-speed, TTL compatible bit-slice
building block for Finite Impuise Response (FIR) digital filters
and multi-bit digital correlators. It is used independently in the
coefficient and signal data word dimensions as a bit-slice
processor. Word lengths can be multiples of four bits. Twa's
complement or unsigned magnitude operation is independently
selectable for both coefficients and signal data words.

The TDC1028 provides eight delay stages, eight multipliers, and
gight adders in a single integrated circuit. Eight coefficient
storage registers are also provided for ease in programming
filter characteristics and to make correlation possible. One
coefficient may be changed every clock cycle. The delay
registers and the adder pipeline registers have been merged for
efficiency.

Features

® 10MHz Throughput Rate
e Fight Coefficients
e (ascadable {To > 36 Taps} Without External Components

o 4-Bit Coefficient And Signal Data Words
* |ndependently Expandable Coefficient And Signal Word Length

e [ndependently Selectable Format For Coefficients And Signal
Data Words (Two's Complement or Unsigned Magnitude)

® Available In 48 Lead DIP

® Radiation Hard Bipolar Process

® Single +5V Power Supply

® TTL Compatible

Applications

® Digital Video Filters
® Matched Filters

® Pylse Compression
e Multi-Bit Correlation
® Waveform Synthesis
® Adaptive Filters

Functional Block Diagram

CLOCK IN (CLK) %———F TO ALL REGISTERS

SUM IN (Slp_1) > SUM | sum SUM > | sum SUM out
A (50g_12}
DATA 5 5, DATA oUT
DATA IN (Dlg_3) > —¢ >
A [ 4 (00g_3)
Ko Ky Ky
COEF [ A l -
COEFFICIENT IN (Clg_3} >>] : °
COEFFICIENT REGISTERS TO ALL MULTIPLIERS
ey }
COEFFICIENT ADDRESS (CAg_p) >——| > CA DECODER ;i
COEFFICIENT WRITE ENABLE (EWE) >—p] A L}
TWO'S COMPLEMENT DATA (TCD)
TWO'S COMPLEMENT COEFFICIENTS (TCC)
RS, __

LS| Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038

Phone: (619) 457-1000

Telex: 697-957
TWX: 910-335-1571

©TRW Inc. 1984
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Printed in the U.S.A.



TDC1028 7z
VA A4
Functional Block Diagram
CLOCK IN (CLK) >————————= 70 ALL REGISTERS
SUM SUM SUM SUM SUM ouT
SUM IN (Slg_1p) > | L >
0-12 A A A — A (50p_y2)
| oata 5 DATA OUT
DATA IN (Dlg_3) > A l, r — 0059
KO K‘ K7
COEF l A | A
COEFFICIENT IN (Clg_) .
-9 >» A COEFFICIENT REGISTERS TO ALL MULTIPLIERS
40 o o *
COEFFICIENT ADDRESS (CAg_g) >—po! - > CA DECODER - /zi
COEFFICIENT WRITE ENABLE (TWE) >—p] A L)
TWO'S COMPLEMENT DATA (TCD)
TWO'S COMPLEMENT COEFFICIENTS (TCC)
Pin Assignments
Sig 1 4 s0g
Sly 2 47 S0y
Sl 3 4 S0;
Sy 4 45 s03
Sly & 4 S0
Sl 6 43 s0g
Slg 7 82 S0
sh 8 M so
Slg 9 % Sog
Sig 10 33 SOqg
Slyp 11 38 SOy
Slyp 12 37 GND
GND 13 3% Vg
Sli; 14 35 S04
CAy 15 3 S0y
CAq 16 33 Cl3
cAg 17 2 oy
TCD 18 31 Chy
TCC 19 30 Cly
CLK 20 29 CWE
Dlg 21 28 DOy
iy 2 71 Doy
Dl 23 % DOy
Di3 24 25 DOj
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Functional Description

General Information

The TDC1028 has four internal functions: delay, multiplication, basic word size for coefficients and data is four bits. The
addition, and coefficient storage. These functions are connected  order of the operations has been changed from the canonical
to form a building block for finite impulse response filters or form to permit the merging of delay and pipelining registers
correlators. Cascading inputs are provided to allow the (see Figure 1l.

construction of filters or correlators of arbitrary length. The

Power

The TDC1028 operates from a single +5 Volt supply. All power
and ground lines must be connected.

Name Function Value J4 Package
Vee Positive Supply Voltage +50V Pin 36
GND . Ground 0.0v Pins 13,37

Inputs

The TOC1028 has three types of inputs: signal data,
coefficients, and sum (cascadingl inputs.

Name Function Value J4 Package
Dly Signal Data Input MSB T Pin 24
0l L Pin 23
Dy T Pin 22
Dig Signal Data Input LSB m Pin 21
Cly Coefficient Input MSB T Pin 33
Cly m Pin 32
Chy ' m Pin 31
Clg Cuefficient Input LSB m Pin 30
Slyp Cascading Sum Input MSB i Pin 14
S|” m Pin 12
Sig m Pin 11
Slg T Pin 10
Slg m Pin 9
Sl Tt Pin 8
Slg TiL Pin 7
Slg TiL Pin 6
Sly e Pin 5
Sl3 T Pin 4
Sy m Pin 3
Siy T Pin 2
Sig Cascading Sum Input LSB T Pin 1

LS| Products Division
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Data Outputs

The TDC1028 has two outputs: a sum output and a data
output. The data output is used to connect one TOC1028 to

the next (cascading) for greater filter or correlation length. The
sum output is used both for cascading and signal output.

Name Function Value J4 Package
8042 Sum Output MSB T Pin 34
8049 T Pin 35
S0qp T Pin 38
S0g m Pin 39
S0g m Pin 40
S0; m Pin 41
SOg m Pin 42
S0 L Pin 43
S04 I Pin 44
803 m Pin 45
S0, m Pin 45
S0 m Pin 47
S0y Sum Qutput LSB L Pin 48
003 Data Qutput MSB Tt Pin 25
00, m Pin 25
D0 m Pin 27
00y Data Output LSB hud Pin 28

Clocks

The TDC1028 cperates synchronously from a single master

clock, and can be clocked up to 10MHz. All internal circuitry is

static; there is no minimum clock frequency required.
Name Function Valve J4 Package
CLK Clock T Pin 20

Controls

The TDC1028 has six control inputs. TCC and TCD control the
interpretation of the data and coefficients as two's complement
or unsigned magnitude numbers. These inputs provide two’s
complement operation for the respective input when a logic

HIGH is applied, and unsigned magnitude operation when a
logic LOW is applied. One active LOW input controls the
writing of a coefficient, and three inputs control the selection
of which coefficient is to be written,

Name Function Value JA Package
TCC Two's Complement Coefficients TiL Pin 19
TCD Two's Complement Data TiL Pin 18
TWE Coefficient Write Enable m Pin 29
CAy Coefficient Address MSB L Pin 15
Ay T Pin 16
CAg Coefficient Address LSB L Pin 17

LS Products Division

TRW Electronic Components Group
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Figure 1.

CANONICAL FIR ARCHITECTURE

DELAYS

MULTIPLIERS

SUMMER

TDC1028 EQUIVALENT ARCHITECTURE

INPUT > 2 o o o
kg ky kn-1
7l o E e o o

OUTPUT
Figure 2.
ARITHMETIC SUMMATION OF “SUM” OUTPUTS FOR 8-BIT COEFFICIENT, 8-BIT SIGNAL DATA WORDS
SIGN EXTENSION BITS REQUIRED IF TWO'S COMPLEMENT IS USED TDC 1028 INPUTS

DATA COEFFICIENTS
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Figure 3.
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Figure 4.

SUM N sy Xsl,X STX sn,X s"XSISXs"X sryXSI.XSngSImXS'uXﬂuX”nX Sy

COEFFICIENT COEFFICIENT
ADDRESS SET

ST N3 °1'.X tay X LY X 51 X :‘m’x o2 X G2 X 22 X €32 X Ci2 X T2 X T2 X G2 X %3 X “a

DATA AND
ADDRESS IN
COEFFICIENT 7,1 /I
LATCHED INTO 1
]

T X u X ISPZTRTES( 2 Xm:;m)m(“vs X o X o X o X ow X o X % X ou X ou

| COEFFICIENT REGISTER 7

CLOCK

" —
DURING THIS PERICD, T Dg
1S CALCULATED AND ADDED TO
Slg+ Co1 0.+ Cyy Dy + CpyDp+ Cyy Oy + Cyy Dz + Cs9 B3 + Cgy 0y
WHICH WAS PREVIOUSLY CALCULATED

SUMOUT  SOpp X S020 X 039 X 049 X S0sp X SOgp X 00 x S0 X 80,1 X 8029 X 803 X S04y X 805,y X 05, X 074

SOgq = Slg + Cy Dz + Cq Dy + Cq g + C3q Dy + Cyy Dp + g1 O3 + Cgy Dy + C74 pg

DA;ANI B"X”"X“'X“’X"’XD'XDEXD'XD’XD'XD'X“"'XI,"XD"X“"

THE FIRST RESULT WITH COEFFICIENT SET | APPEARS HERE

Figure 5.
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K7 Dg CALCULATED
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DATAQUT D0 X 00y X ™ X 00, X 00 x 00, X 00g x nn,x 0o, X 00 X 00y X [ x Doy X D0y, X D0y

@
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Figure 6. Equivalent Input Circuit

ALL OTHER INPUTS

Figure 7. Equivalent Output Circuit
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltage -05 to +7.0V
Input Voltage -05 to +55V
Output
Applied voltage (measured to Dgyp) -05 to +55v2
Applied current, externally forced -1.0 to +60mA34
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 conventional current flowing into the device.

Operating conditions
L/}

Temperature Range
Standard

Parameter Min Nom Max Units
Vee Supply Voltage 475 5.0 5.25 v
tpwlL Clock Pulse Width, LOW 48 ns
tPwH Clock Pulse Width, HIGH 8 ns
oy Clock Cycle Time 100 ns
13 Input Setup Time

Data In, Sum In 15 ns

Coefficient In, Coefficient Address In 2% ns

Coefficient Write Enable 30 ns
ty Input Hold Time (All inputs) 5 ns
iL Input Voltage, Logic LOW 08 v
ViH Input Voltage, Logic HIGH 20 v
loL QOutput Current, Logic LOW 40 mA
loy QOutput Current, Logic HIGH -400 HA
Ta Ambient Temperature, Still Air 0 0 °C

LS! Products Division
TRW Electronic Components Group

S
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Electrical characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
lcc  Supply Current Voo = MAX, Static! 700 mA
i Input Current, Logic LOW Voo = MAX, V) = 05V

Data Inputs -04 mA

Clock Input -10 mA
I Input Current, Logic HIGH Voo = MAX V) = 24V

Data Inputs 75 LA

Clock Input 5 HA
k  Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 mA
Vg, Output Voltage, Logic LOW Voo = MIN, I = MAX 05 v
Voy  Output Voltage, Logic HIGH Vee = MIN, Igy = MAX 24 v
lgs  Short-circuit Output Current Voo = MAX, Output HIGH, one pin to ground, -50 mA

one second duration

G Input Capacitance Tp = 25°C, F = IMHz 15 pF
Co Output Capacitance Tp = 25°C, F = 1MHz 15 pF

1. Worst Case: Al inputs and outputs LOW.

Switching characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
toy  Cycle Time Vog = MIN 100 ns
tg  Output Delay Voo = MIN, Load 1 10 30 ns

Note:
1. Typical performance at Vpe = NOM, Tp = 25°C

LSI Products Division
TRW Electronic Components Group 345
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Application Notes

More than one TDC1028 may be connected together to form
filters of greater length, greater signal data resolution, and/or
greater coefficient resolution.

The simplest form of expansion is length. Each TDC1028 has a
data and a sum input, and a data and a sum output. To make
a filter of greater length, connect the data and sum outputs to
the data and sum inputs of the next device, as shown in
Figures 2 and 3. This procedure is used for each section of a.
filter built with higher resolution for signal data and
coefficients. Note that the sum inputs of the first device in a
series [the one to which signal data is directly applied} must
be supplied with a “zero™ input {that is, all sum input pins
must be grounded). This form of expansion is also used in
combination with increased resolution, and is directly applicable
to those cases.

Two options are available for increased resolution. The first
method uses external adders and pipeline registers, the secand
uses the internal adders and pipeline registers of the TDC1028.
Block diagrams of these methods are shown in Figures 9 and
10. The second method significantly increases latency; the
output experiences a significant delay with respect to that of
an ideal but causal Finite Impulse Response filter.

This section discusses the increasing of signal data and
coefficient resolution when both signal data and coefficients
are given in two’s complement notation. For additional
information, refer to TRW LS| Products Application Note
TP-22.

The basic approach is to divide the word that requires greater
resolution into two or more parts of four hits each. A separate

section will be needed for every four bits or fraction thereof.
Usually, both signal data words and coefficients will be divided.
Next, a filter section is assigned to each possible combination
of non-overlapping 4-bit groups of signal data with 4-bit
groups of coefficients. (A filter section is assigned for each
element in the cross-product of the signal data and coefficient
data word spaces.) This process is shown in Figure 3, which
illustrates division into 4-bit segments, used with both options
for increasing resolution.

The choice is made between the adder option and the
no-adder option. If the adder option is chosen, a pipelined
adder must be designed using MSI components. A complete
16-tap filter using 8-bit signal data words and 8-bit
coefficients is shown in Figure 9. Care must be taken to
assure that the outputs of each of the sections are properly
weighted. Note that the Two's Complement Data (TCD) pin
should be active only in the sections which have the MSD of
the data word as the input. Likewise, the Two's Complement
Coefficient (TCC) pin should be active only on the sections
which have the MSD of the coefficient word as the input.

However, another approach is possible. The TDC1028 has
internal adders which are not used in the above configuration.
Those are the adders in the first device in each section. By
introducing suitable delays, these adders can be used to
increase resolution without using external adders. A sample
circuit, @ complete 16-tap filter using 8-bit signal data words
and 8-bit coefficients, is shown in Figure 10. Notice that this
introduces an eighteen sample delay in the signal path. The
necessary 8-bit wide by 9 or 18 stage long shift registers are
provided by TRW's TDC1011.

LSI Products Division
TRW Electronic Components Group
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Figure 10.
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Ordering Information

I N A 4

Product Temperature Range Screening Package Package
Number Marking
TDC1028J4C STD-Tp =~ 0°C to 70°C Commercial 48 lead DIP 102844C
TDC102846 STD-Tp = 0°C to 70°C Commercial with Bun-In 48 Lead DIP 102846

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.

LS| Products Division
TRW Electranic Components Group
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Storage Products

Bt 1 - O, o s 1

The TDC1005 and TDC1006 are very
high-speed, synchronous shift registers.
Both devices are TTL compatible and
support 20MHz clock rates. The
TDC1005 stores a serial string of 256
bits, while the TDC1006 stores two
parallel 64-bit strings.

FIFO

To help interface systems with differing
instantaneous clock rates, TRW has
introduced the TDC1030, a

first-in first-out memory. The device

accommodates up to 64 nine-bit words
and is fully TTL compatible. Data may
be written into and read out from the
device asynchronously, using the
TDC1030’s input and output
handshaking ports. Two or more
TDC1030s can be cascaded serially to
facilitate storage of longer data
sequences. The maximum shift-in and
shift-out rate is 15MHz for individual
devices, and 13MHz for cascaded
parts. The device may be used without
the control flags up to 18MHz.

Shift Power

Rate!  Dissipation'
Product  Description Size  (MHz)  (Watts) Package  Notes
TDC1005  Shift Register  B4x2 25 0.5 J9 Expandable/Cascadable
TDC1006  Shift Register ~ 256x1 26 0.7 J9 Expandable/Cascadable
TDC1030 FIF0 B4x9 15 15 J6, BB, C3  Expandable/Cascadable

Note: 1. Guaranteed, Worst Case, Ty = 0°C to 70°C.
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Serial Shift Register
Dual 64-bit

The TRW TDC1005 is a dual 64-bit positive-edge -triggered
serial shift register which operates at 25MHz. This device is
cascadable in the number of words and the word size.

Complementary TTL outputs O and Q are provided. The two
data inputs in each shift register, Dg and D1, are controlled by
a data select input, DS. This provides on-chip recirculate
gating when the true output is hard-wired to one of the
inputs.

Features

® 25MHz Guaranteed Clock Frequency
e Fully TTL Compatible
® True and Complementary Outputs

® Proven High-Reliability Radiation Hard Bipolar Process
® Single +5V Power Supply

o Available In 16 Lead Ceramic DIP

® Available Screened To MIL-STD-883

* Horizontal And Vertical Cascadability

Applications

 High-Speed Data Acquisition

o first-In First-Out Data Buffers
* Coefficient Storage For FIR Filters
® Digital Delay Lines

® local Storage Registers

Functional Block Diagram
DSy

D1y

D0,
CLK A

cP cP cP

CLK C

CIK B
Dog

Dig

DSg

veie >———>
GND >——»

oD *
—T *
S

cp cP cP

ol
(-1
o
I
1
o
ol

— g

LSI Products Division

TRW Electronic Companents Group
P.0. Box 2472 -

La Jolta, CA 92038

Phone: (619) 457-1000
Telex: 637-957
TWX: 910-336-1571

©TRW Inc. 1984
40600275 Rev. D-2/84
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Functional Block Diagram
oSy 1 2 6
DI
A ALY e LI st LENCE e i
ifHs af-ds if—> @,
LR — cP cp cp
CLK A
CLK C
CLK B
blg >— cp cP cp
— aj—o —4p0 of—»
] - - .
LI a0 d}--q0 d|—» @
o 1 2 [
Vee >—>
N0 >——»
Pin Assignments
NC 1 16 Vee
Qg 2 15 QA
“B 3 14 0p
Dsg 4 13 DSp
Dig 5 12 D1y
D0g 6 11 DOy
CLKB 7 10 CLKA
GND 8 9 CLKC

16 Lead DIP - J9 Package
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Functional Description

General Information

The TDC1005 is a positive-edge-triggered dual 64-bit serial by the Data Select control {DS). Complementary outputs Q and
shift register. One of two data inputs (Dg and D1} is selected { are available.

Power

The TOC1005 operates from a single +5 Volt power supply.

Name Function Value J9 Package
Ve Positive Supply Voltage +5.0v Pin 16
GND Ground 0.0v Pin_8

Data Inputs
The TDC1005 has two data inputs per block, (00 and DOg,

D14 and D1p).
Name Function Value J9 Package
DO0p Data Input 0, Block A T Pin 1
D1y Data Input 1, Block A L Pin 12
D0g Data Input 0, Block B TiL Pin 8
Dig Data Input 1, Block B TIL Pin 5

Data Select

Two data select controls, one for Block A (DSp) and one for The 0 input is selected when DS is LOW; the 1 input is
Black B (DSg), are provided to select between inputs 0 and 1. selected when DS is HIGH.

Name Function Value J9 Package
DSp Block A Data Select TIL Pin 13
DS Block B Data Select T Pin 4

Data Qutputs
Complementary outputs Q and T are provided for the TDC1005.

Name Function Value J9 Package
QA Data Qutput Block A TiL Pin 15
0A Data Output {Inv.) Black A m Pin 14
a8 Data Qutput Block B T Pin 2
08 Data Output {Inv.) Block B L Pin 3

LSI Products Division
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Clocks

The TDC1005 has three clock inputs (CLK A, CLK B, CLK C)
which are combined to provide the clack signals for the two
blocks. Block A is clocked by the logical OR of CLK A and

CLK C. Block B is clocked by the logical OR of CLK B and
CLK C. This allows the two blacks to be clocked either
independently or simultaneously.

Name Function Value J9 Package
ClK A Clock A L Pin 10
ClK B Clock B m Pin 7
K C Clock C L Pin 9

No Connects

Pin 1 on the TDC1005 is not connected internally. This pin may

be left unconnected.
Name Function Value J9 Package
NC No connection Open Pin 1

Figure 1. Timing Diagram

|

o f— tpyy —]|
i s )-—: |
INPUT T X !
DATA ! |
T I
tp—= |0 —] f=—1p
o I
OUTPUT !
DATA

Figure 2. Input/Qutput Schematics

INPUT QUTPUT

EQUIVALENT EQUIVALENT
Vee -- - Vee
R3
R2 (100 NOM)

INPUT -
CLK © ouTPUT
R1 = 50K
R2 = 24K L -—
DATA INPUTS
A1 = 40K
R2 = 18K CIKACIKB =

Rl = 10K

R2 = 48K
358

Figure 3. Test Load for Delay Measurement (Typical)

+Vge
8102
0
QUTPUT
PIN

a0pF 1N3062

M LB A B )

!

T

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

Supply Voltage -05to +7.0V
Input Voltage 0 to +55V
Output
Applied Voltage (measured to GND) : 0 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 -85 to +150°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
Voo Supply Voltage 475 50 5.25 45 5.0 55 )
tow Clock Pulse Width 15 15 ns
tg Input Register Setup Time 0 0 ’ ns
ty Input Register Hold Time 10 10 ns
ViL Input Voltage, Logic Low 08 08 v
Viy Input Voltage, Logic High 20 20 v
loL Output Current, Logic Low 40 40 mA
loy Output Current, Logic High -400 -400 UA
Ta Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature ~55 125 °C

LS| Products Division
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Electrical characteristics within specified operating conditions
———
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Voo - MAX 105 120 mA
Vo  Output Voltage, Logic Low Voo = MIN, Igp- MAX 05 05 v
Voy  Output Voltage, Logic High Vee = MIN, lgy = MAX 24 24 v
I Input Current, Logic Low' Voo - MAX, Vy = 04V -05 -08 mAlload
hy  Input Current, Logic High' Vg - MAX, Vy - 24V 0 5 LA load
Note:
1. CLK C: Eight equivalent loads
CLK A, CLK B: Four equivalent loads
Switching characteristics within specified operating conditions
L R
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
e Clock Frequency (See Figure 3) 25 25 ‘ MHz
) Output Delay {See Figure 3) 10 30 10 kil ns

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1005J9C STD-Ty = 0°C to 70°C Commercial 16 Lead OIP 1005J9C
TDC1005J96 STD-Tp, = 0°C to 70°C Commercial with Burn-In 16 Lead DIP 1005J96
TDC1005J9F EXT-Tp = -55°C to 125°C Commercial 16 Lead DIP 1005J9F
TOC1005J9A EXT-T¢ = -85°C to 125°C MIL-STD-883 16 Lead DIP 1005.9A
TOC1005J3N EXT-Tg = -55°C to 125°C Commercial with Burn-in 16 Lead DIP 1005J9N

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

others.
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Serial Shift Register
256-bit

The TRW TDC1006 is a positive-edge—triggered serial shift
register which operates at 26MHz. The device is cascadable in
the number of words and the word size.

Complementary TTL outputs Q and Q are provided. Two data
inputs, D0 and D1, are controlled by a data select input, DS.
This provides on-chip recirculate gating when the true output
is hard—wired to one of the inputs.

Features

® 25MHz Guaranteed Clock Frequency
® Fully TTL Compatible
® True and Complementary Outputs

® Proven High-Reliability Radiation Hard Bipolar Process
® Single +5V Power Supply

® Available in 16 Lead Ceramic DIP

® Available Screened to MIL-STD-883

* Horizontal and Vertical Cascadability

Applications

® High-Speed Data Acquisition

o First-In First-Out Data Buffers
e Coefficient Storage for FIR Filters
e Digital Delay Lines

® |ocal Storage Registers

Functional Block Diagram

0s 1 2 256

o1 al—bo —-—<40 at— 0
D —_— — —

af—b afF—-0 aj—» 1

cP cP cP

D0 >—— l J_

ce >

Vcc)——-b-

GND >———

LSI Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 82038

Phone: (619 457-1000 ©TRW Inc. 1984
Telex: 697-957 40601348 Rev. A-2/84
TWX: 910-335-1571 Printed in the U.S.A.
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Functional Block Diagram

0s 1 2 2%
o —o0 af-—-b —» 0
D
i—o ofF—-40 op—» 1
o0 cP cP cP
oK > l l
Voo >——P
GND >———
Pin Assignments
NC 1 16 Vg
NC 2 15 NC
NC 3 14 NC
NC 4 13 NC
o0 5 12 NC
D1 6 1ma
DS 7 100
GND 8 9 CLK

16 Lead DIP - J9 Package

. ________________________________________________________________________________________________|
Functional Description
General Information

The TDC1006 is a 266-bit positive-edge-triggered serial shift  the Data Select control DS. Complementary outputs O and Q
register. One of two data inputs (D0 and D1} is selected by are available. ‘

Power

The TDC1006 operates from a single +5 Volt power supply.

Name Function Value J9 Package
Vee Positive Supply Voltage +50V Pin 16
GND Ground 0.ov Pin_8

LS| Products Division
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Data Inputs
The TDC1006 is a single 256-bit shift register with two data
inputs DO and D1.
Name Function Value J9 Package
00 Data Input 0 TIL Pin §
D1 Data Input 1 TIL Pin 6
Data Seclect
The TDC1006 has one data select control (DS) to select
between inputs DO and D1. Input D1 is selected when DS is
HIGH, D0 is selected when DS is LOW.
Name Function Value J9 Package
oS Data Select T Pin 7
Data Outputs
Complementary outputs O and Q are provided for the TDC1006.
Name Function Value J9 Package
a Data Output TIL Pin 11
a Data Output Inverted e Pin 10
Clocks
The TDC1006 has one clock signal, CLK.
Name Function Value J9 Package
CLK Clock T Pin 9
No Connects
There are several pins on the TDC1006 which are not
connected internally. These pins may be left unconnected.
Name Function Value J9 Package
NC No Connect Open Pins 1-4, 12-15

LSI Products Division

TRW Electronic Components Group
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Figure 1. Timing Diagram

|

OUTPUT
DATA

Figure 2. Equivalent Input/Qutput Schematics

OUTPUT INPUT
EQUIVALENT EQUIVALENT
- Vee Vee -
R3
(10092 NOM)
INPUT -
OUTPUT CLK DATA INPUTS
Rl = 25K R1 = 40K
—_— R2 = 1.2K R2 = 18K
Figure 3. Test Load
+Vee
8100
<
10
QUTPUT 3
PIN A4
80pF . 1N3062
| A
J
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Absolute maximum ratings (beyond which the device will be damaged) !

—
Supply Voltage ~051t0 +70V
Input Voltage D to +55V
Output
Applied voltage (measured to GND) 010 +585v2
Applied current, lly forced -1.0 to +60mA34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, ambient -55 to +150°C
junction +175°C
Lead, soldering (10 sec) +300°C
Storage -65 to +160°C
Notes:

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

2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Ve Supply Voltage 475 5.0 5.25 45 5.0 55 v
thw Clock Pulse Width 15 15 ns
tg Input_Register Setup Time 0 0 ns
ty Input Register Hold Time 10 10 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 YA
Ta Ambient Temperature, Still Air 0 0 °C
Tc Case Temperature -55 125 °C

LSI Products Division
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Electrical characteristics within specified operating conditions

Temperature Range

F rxwy

Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Supply Current Ve = MAX 135 155 mA
VgL  Output Voltage, Logic Low Vee = MIN, Iy = MAX 05 05 v
Voy  Output Voltage, Logic High Vee = MIN, lgy = MAX 24 24 v
L Input Current, Logic Low’ Voo = MAX, V= 04V -05 -08 mAlload
Iy Input Current, Logic High! Vee = MAX, Viy = 24V 2 50 UAload

1. CLK: Sixteen equivalent loads.

Switching characteristics within specified operating conditions

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fo  Clock Frequency (See Figure 1) 25 25 MH:z
%)} Qutput Delay (See Figure 1) 10 30 10 30 ns

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1006J9C STD-Tp = 0°C to 70°C Commercial 16 Lead DIP 1006J9C
TDC1006.J9G STD-Tp = .0°C to 70°C Commercial With Burn-In 16 Lead DIP 100696
TOC1006.9F EXT-Tg = ~55°C to 125°C Commercial 16 Lead DIP 1006J9F
TDC1006.9A EXT-Tg = -55°C to 125°C MIL-STD-B83 16 Lead DIP 1006J9A
TDC1006.9N EXT-TC = -55°C to 125°C Commercial With Burn-In 16 Lead DIP 1006J9N

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

others.
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Preliminary Information

First—In First—Out Memory
64 words by 9 bits cascadable

The TRW TDC1030 is an expandable, First—In First-Out (FIFQ)

memary organized as 64 words by 9 bits. A 15MHz data rate

makes it ideal in high-speed applications. Burst data rates of

18MHz can be obtained in applications where the device status
flags are not used.

With separate Shift-In (S} and Shift-0Out (SO) controls,
reading and writing operations are completely independent,
allowing synchronous and asynchronous data transfers.
Additional controls include a Master Reset (MR}, and Output
Enable {OF). Input Ready (IR} and Qutput Ready (OR) flags are
provided to indicate device status.

Devices can be easily interconnected to expand word and bit
dimensions. The device has all output pins directly opposite the
corresponding input pins, facilitating board layouts in expanded
format. Al inputs and outputs are TTL compatible.

Features

® 64 Words By 9 Bits Organization
® 15MHz Shift-In, Shift-0Out Rates With Flags

J rlwy

o 18MHz Burst-In, Burst-0ut Rates Without Flags

® (ascadable To 13MHz

® Readily Expandable In Word And Bit Dimension

¢ TTL Compatible

® Asynchronous Or Synchronous Operation

® Three-State Outputs

® Master Reset Input To Clear Data And Control
© Qutput Pins Directly Opposite Corresponding Input Pins For

Easy Board Layout

® Available in 28 Lead Ceramic DIP, CERDIP, or Contact

Chip Carrier

Applications

 High-Speed Disk Or Tape Controller
® Video Time Base Correction

® AID Output Buffers
® V/pice Synthesis

¢ Input/Output Formatter For Digital Filters and FFTs

Functional Block Diagram

INPUT |
1x9

MAIN |
REGISTER |

62x9

OUTPUT
STAGE
1x8

A

v

Sl i

CONTROL LOGIC

0-p
9
OF
le—— 50

LS| Products Division

TRW Electronic Components Group
P.0. Box 2472

La Jolla, CA 92038
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Phone: (619) 457-1000
Telex: 697-957
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Functional Block Diagram

NPUT
Dg_o w STAGE :’}
1x9

MAIN OUTPUT
REGISTER ::> STAGE 0-g

62x9 []

1&

v v \J
R — la————— s0
s CONTROL LOGIC R
MR
Pin Assignments
S&fsSESTY
GND 10 128 Vg BT gNSSe
GND 2 121 MR
R 3 726 SO
sl 4 725 OR S0 26 18 Qg
Dg & 124 Qg MR 27 17 0y
Dy 6 123 O Vee 28 16 0Og
D, 7 2 qQ GND 1 15 OE
D3 8 21 g GND 2 14 GND
Dy 9 20 04 R 3 13 Dg
D5 10 18 Qg sl 4 12 0
DG 1 18 05
D; 12 17 q we~ooo s
GND 14 15 OE eaeaeaaa

28 Lead DIP - J6 Package
28 Lead CERDIP - B6 Package
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Functional Description

Data Input (Figure 1}

Following power up, the Master Reset {MR) is pulsed LOW to
clear the FIFO (Figure 2). The Input Ready (IR) flag HIGH
indicates that the FIFO input stage is empty and available to
receive data. When IR is valid (HIGH), Shift-In (SI} may be
asserted, thus loading the data present at Dp through Dg into
the FIFQ. Bringing the Si signal HIGH causes IR to drop LOW.

The data remains at the first location until SI is set LOW. With
St LOW, the data then propagates to the second location and
continues to “fall through” to the output stage or last empty

location. If the FIFO is not full after the SI pulse, IR will again
be valid (HIGH), indicating that there is space available in the
FIFO. If the memory is full, the IR flag remains invalid (LOW).

With the FIFO full, the SI can be held HIGH until a Shift-Out
{S0) occurs {Figure 3). Following the SO pulse, the empty
location “bubbles up” to the input stage. This results in an
Input Ready (IR) pulse HIGH and awaiting data is shifted in.
The S| must be brought LOW before additional data can be
shifted in.

Data Transfer

After data has been transferred into the second location by
bringing SI LOW, the data continues to “fall through” the FIFO

in an asynchronous manner. The data stacks up at the end of
the device, leaving the empty locations up front.

Data Output (Figure 4)

The Output Ready (OR) flag HIGH indicates that there is valid
data at the output stage (pins Qp-Qg). An initial Master Reset
{MR) pulse LOW at power up sets the Output Ready LOW and
clears the output stage (Figure 2). Data shifted into the FIFO
{after MR) “falls through” to the output stage, causing OR to
go high. '

When the OR flag is valid {HIGH), data can be transferred out
via the Shift-Out (SO} control. An SO HIGH results in a “busy”
{LOW) signal at the OR flag. When SO is brought LOW, data is
shifted to the output stage, and the empty location “bubbles

up” to the input stage. At the completion of the SO pulse, OR
goes HIGH. If the last valid piece of data has been shifted out,
leaving the memory empty, the OR flag remains invalid (LOW).
With the FIFO empty, the last word shifted out remains on the
output pins Qg-Qg.

With the FIFO empty, the SO can be held HIGH until a SI
occurs (Figure 5). Following the Sl pulse, the data “falls
through” to the output stage. This results in an OR pulse HIGH
and data is shifted out. The SO must be brought LOW before
additional data can be shifted out.

Data Inputs

The nine data inputs of the TDC1030 are TTL compatible.

There is no weighting to the inputs, and any one of them can
be assigned as the MSB. The memory size of the FIFO can be
reduced from the 9 x 64 configuration by leaving open unused

data input pins fie., 8 x 64, 7 x 64 .. . 1 x 64). In the
reduced format, the unused data output pins must also be left
open.

Rame Functicn Value J6, C3, B6 Package
Dp Data Input TTL Pin §
0y Lt Pin
) i Pin 7
0q g Pin 8
Dy it Pin §
Dg TIL Pin 10
g ! Pin 11
0 m Pin 12
Dg Data Input Tt Pin 13

LS| Products Division
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Data Outputs
The nine data outputs of the TDC1030 are TTL compatible, The memory size of the FIFO can be reduced from the 9 x 64
capable of driving four low—-power Schottky TTL (54/74 LS} configuration by leaving open unused data output pins
unit loads or the equivalent. There is no weighting to the fie, Bx 64, 7x64...1x64. In the reduced format, the
outputs, and any one of them can be assigned as the MSB. unused data input pins must also be left open.

Name Function Value J6, C3, B6 Package

Q Data Qutput T Pin 24

q m Pin 23

0 m Pin 22

03 L Pin 21

0 m Pin 20

05 m Pin 13

05 T Pin 18

0 m Pin 17

0g Data Output TTL Pin 16
Controls
S The rising edge loads data into the input stage. MR MR LOW clears all data and control within the

The falling edge triggers the automatic data
transfer process.

S0 The rising edge causes OR to go LOW. The
falling edge moves upstream data into the
output stage and triggers the “bubble up”

FIFO: Input Ready flag is set HIGH, Output
Ready flag is set LOW, and the FIFQ is clearad.
The output stage remains in the state of the
last ward shifted out, or in the random state of
power up.

process of empty locations. 0OE With the OE LOW, the outputs of the FIFO are
TTL compatible. When disabled
(OE HIGH), the outputs go into their
high~impedance state.
Name Function Value J6, C3, B6 Package
si Stift-In m Pin 4
50 Shift-Out M Pin 26
MR Master Reset m Pin 27
0E Output Enable i Pin 15
Power
The TDC1030 operates from a single +5.0V supply. All power
and ground pins must be connected.
Name Function Value J6, C3, B6 Package
Vee Supply Voltage +59 Pin 28
GND Digital Ground 00 Pins 1,2, 14

370
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Status Flags

Input Ready (IR} and Qutput Ready {OR} flags are provided to
indicate the status of the FIFQ. Operation with use of the flags
is explained in the Functional Description. In this mode of
operation, the Shift-In and Shift-Out rates are determined by
the status flags. It is assumed that a Shift-In or Shift-0Out
pulse is not applied until the respective flag (IR, OR} is valid
{Figures 1 and 4).

The IR and OR flags are not required to operate the device. A
high-speed burst mode is achievable when operating without
the flags. Refer to the High—Speed Burst Mode section for a
complete description.

==, (-¥-V-4
g axoo
IR An IR flag HIGH indicates that the input stage

is empty and ready to accept valid data. An IR
LOW indicates that the FIFO is full or that a
previous SI operation is not complete.

OR An OR flag HIGH assures valid data at the
output stage (pins Og-Qgl. However, the OR
flag does not indicate whether or not there is
any new data awaiting transfer into the output
stage. An OR LOW indicates that the output
stage is “busy”, or that there is no valid data.

Name Function Value J6, C3, B6 Package
IR Input Ready Flag TIL Pin 3
O0R COutput Ready Fiag TTL Pin 25

Application Notes

Expanded Format

The TDC1030 is easily cascaded to increase ward capacity
without any external circuitry. Word capacity can be expanded
beyond the 128 words X 9 bits configuration shown in Figure
6. In the cascaded format, all necessary communications and
timing are handled by the FIFOs themselves. The
intercommunication speed is controlled by the minimum flag
pulse widths and the flag delays. (See Figures 7 and 8./The
maximum data rate when cascading devices is 13MHz.

With the addition of a logic gate, the FIFQ is easily expanded
to increase word length [Figure 9). The basic operation and
timing are identical to a single FIFQ, with the exception of an
additional gate delay on the flags. Word length can be

LS Products Division
TRW Electronic Components Group

expanded beyond the 18 bits X 64 words configuration shown
in Figure 8.

High—Speed Burst Mode

Burst rates of 18MHz can be obtained for applications in which
the device status fiags are not used. In this mode of
operation, the Burst-In and Burst-Out rates are determined by
the minimum Shift~In Pulse Widths, and Shift-Qut Pulse
Widths (See Figures 10 and 11). With the Input Ready and
Output Ready flags not monitored, a shift pulse can be applied
without regard to the status flag. However, a Shift-In pulse
which would overflow the storage capacity of the FIFO is not
permitted.

m
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TDC1030 Timing Diagrams
Figure 1. Shifting In Sequence, FIFO Empty To FIFO Full

= 1Fg) —= SHIFT IN 3RD
THROUGH
63RD WORDS

2
SHIFT-IN sHiFT N\ 4 SHIFT IN SHIFT IN
1ST WORD 2ND WORD B4TH
WORD

NN
2 X T XXX X0 K XXX

's——l W

1. Input Ready initially HIGH - FIFQ is prepared for valid data. 5. Input Ready goes HIGH {tyR delay after SI LOW) - status

2. Shift-In set HIGH - data loaded into input stage. flag indicates FIFO prepared for additional data.

3. Input Ready drops LOW (tjg delay after SI HIGH) - input 6. Repeat process to load 2nd through 64th word into FIFO.
stage “busy.” 7. Input Ready remains LOW - with attempt to shift into full

4. Shift-In set LOW - data from first location “falls through.” FIFO, no data transfer occurs.

Figure 2. Master Reset Applied With FIFO Full

waSTER Reser ———————— tM:"i y

S 77//////7//;
AN
JT7TTTTT777T

1. Input Ready LOW, Output Ready HIGH - assume FIFO is 4. Output Ready drops LOW (tyRgRy delay after MR} - flag

full. indicates FIFO empty.
2. Master Reset pulse LOW - clears FIFO. 5. Shift-In HIGH [ty delay after MR) - clearing process
3. Input Ready goes HIGH (tyRpiRY delay after MR) - flag complete, move new data into FIFQ.

indicates input prepared for valid data.

LSI Products Division
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Figure 3. With FIFO Full, Shift—In Held High In Anticipation Of Empty Location

/Y
SHIFT-0UT \

SHIFT-IN J \\5—

T
3
Y A R /
INPUT READY / / ip
1. FIFO is initially full, Shift-In is held HIGH. 4. Input Ready returns LOW - data Shift-In to empty location
2. Shift-Out pulse - data in the output stage is unloaded, is complete, FIFQ is again full
“bubble up” process of empty location begins. 5. Sl brought LOW - necessary to complete Shift-In process,
3. Input Ready HIGH (tpy fallthrough delay after SO pulse) — Ellows data ""fall through” if additional empty location
when empty location reaches input stage, flag indicates FIFO bubbles up. '
is prepared for data input.
Figure 4. Shifting Out Sequence, FIFO Full to FIFO Empty
—
t.
SOH™] 63RD WORDS 8

SHIFT-0UT

4
1ST SHIFT t
QUT PULSE
tan—-— ot
7. 4 § \\_

3
__,'n|‘_

/] L

DATA

ouTPUT 1ST WORD 2ND WORD G4TH WORD
I I

1w FIFO EMPTY—64TH
=i HO WORD REMAINS AT

OUTPUT PINS

ouTPUT
READY

toR

1. Output Ready HIGH - no data transferring in progress, valid 5. Qutput Ready goes HIGH - transfer process completed,

data is present at output stage. valid data present at output.
2. Shift-Out set HIGH - results in OR LOW. B. Repeat process to unload the 3rd through 64th word from
3. Output Ready drops LOW (tgR delay after SO HIGH} - FIFO. -
output stage “busy.” 7. Output Ready remains LOW - FIFO is empty.
4. Shift-Qut set LOW - data in the input stage is unloaded, 8. Shift-0ut pulse asserted - with attempt to unload from
and new data replaces it as empty location “bubbles up” to empty FIFO, no data transfer occurs.
input stage.
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TRW Electronic Components Group 3



TDC1030 7 ARET

Figure 5. With FIFO Full, Shift Qut Is Held High In Anticipation Of Data

SHIFT-IN ————/ﬂ\

1

_/ :
SHIFT-0UT

k2l top
/ 4
I LIS s
tDoF
DATA OUTPUT X)(a
1. FIFO is initially empty, Shift-Out is held HIGH. 4. Qutput Ready HIGH - (tFT fallth_rough delay after SI pulsel,
2. Shift-In pulse - loads data into FIFQ and initiates “fall OR flag signals the arrival of valid data at the output stage.
through” process. 5. Output Ready goes LOW - data Shift-Out is complete,
3. Data Output transition - (tpg delay before OR HIGH], valid FIFO is again empty.
data arrives at output stage. B. Shift-Out set LOW - necessary to complete Shift-0ut
process, allows “bubble up” of empty location as data “falls

through.”

Figure 6. Cascading For Increased Word Capacity ~ 128 Words X 9 Bits

SHIFT-IN  >——{ 81 O0R £ sI OR |——b~ OUTPUT READY FLAG
INPUT READY FLAG <———| IR S0 | IR 50 J<a—— SHIFT 0UT
8 WORDS  0g p| Dy 64 WORDS
x9BITS g »lp, x9BIS
DATA INPUT }I> Dg_p 0, P Dy Og_p ¢> DATA OUTPUT
g 03 1 03 9
O —>1 D
05 > D5
A = B
05 1 Dg
1] L ]
MR OE 0 | Dg MR OF
A
MASTER RESET H— A v f
OUTPUT ENABLE )
The TDC1030 is easily cascaded to increase word capacity themselves. Figures 7 and 8 demonstrate the
without any external circuitry. In the cascaded format, all intercommunication timing between FIFO A and FIFO B.

necessary communications are handled by the FIFOs
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Figure 7. FIFO - FIFO Communication: Input Timing Under Empty Condition
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1. FIFO A and B initially empty, SO (A) held HIGH in
anticipation of data.

2. Load one word into FIFO A - SI pulse applied, IR pulse
results.

3. Data Out A/Data In B transition - (tpgF delay before OR
(A) HIGH), valid data arrives at FIFO A output stage prior to
OR flag, meeting data input setup requirements of FIFQ B.

4. OR (A} and S! (B) pulse HIGH - {tp7 delay after SI (A)
LOW), data is unloaded from FIFO A as a result of the
Output Ready Pulse (Tgpl, data is shifted into FIFO B.

5. IR (B} and SO (A) go LOW - (tR delay after SI (B) HIGH),
flag indicates input stage of FIFO B is “busy,” Shift-0ut of
FIFO A is complete.

6. IR (Bl and SO (Al go HIGH - (g delay after SI (Bl LOW),
input stage of FIFQ B is again available to receive data, SO
is held HIGH in anticipation of additional data.

7. OR (B) goes HIGH - (tp delay after SI (B) LOW), valid
data is present at the FIFO B output stage.

Figure 8. FIFO — FIFO Communication: Qutput Timing Under Full Condition

OUTPUT READY B

_ U
SHIFT-0UT B
b2t N
SHT-an A L7077 0 NN\
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(FIFO &) — b ‘oR
DATA OUT A/
DATA SHIFTED INTO FIFO B X) NEW WORD AT OUTPUT STAGE OF FIFO A
DATA IN 8
T
4
INPUT READY A Vi /////[ "

1. FIFO A and B initially full, SI (B} held HIGH in anticipation
of shifting in new data as empty location “bubbles up.”

2. Unload one word from FIFO B - SO pulse applied, OR
pulse results.

3. IR (B) and SO (Al pulse HIGH - [tpy delay after SO (B)
LOW}, data is loaded into FIFO B as a result of the Input
Ready Pulse (tIP), data is shifted out of FIFO A.

LSI Products Division
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4. OR (Al and SI (B} go LOW - ltgR delay after SO (A) HIGH),
flag indicates the output stage of FIFO A is “busy,” Shift-In
to FIFO B is complete.

5. OR (Al and SI (B} go HIGH - [tgR delay after SO (Al LOW),
flag indicates valid data is again available at the FIFO A
output stage, S| (B} is held HIGH, awaiting “bubble up” of
empty location.

6. IR {A) goes HIGH - (tpr delay after SO (A) LOW), an empty
location is present at input stage of FIFO A.
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Figure 9. Expanded FIFO for Increased Word Length — 64 Words X 18 Bits

The TDC1030 is easily expanded to increase word length.
Composite Input Ready and Output Ready flags are formed

DATA INPUT

2

DATA OUTPUT

Og-o :z>

VA > Bg-q

COMPOSITE
INPUT
READY
FLAG

IR OR

COMPOSITE
OUTPUT
READY
FLAG

64 WORDS

—»] MR OF |-

SHIFT-IN >

—<  SHIFT-0UT

MASTER RESET

— OUTPUT ENABLE

R OR
64 WORDS
—1 S| x9BITS SO |-t

DATA INPUT )

| MR OE |-
Z D 00 G [T omoureur

and timing are identical to a single FIFO, with the exception of
an added gate delay on the flags.

with the addition of an AND logic gate. The basic operation

Figure 10. Shift—In Operation In High—Speed Burst Mode

SHIFT-IN —_/
DATA
INPUT

——»l 15
INPUT
READY FLAG A\

376

1iFg) |

let—— tSIH

tsiL

XXXX XXXX XRXRX

XXXXXX

In the high-speed mode, the Burst-In rate is determined by
the minimum Shift-In HIGH and Shift-In LOW specifications.
The IR status flag is a “don‘t care” condition, and a Shift-In

VVVYV

XXXXKXXXKKXX XXX XXX KKK

pulse can be applied without regard to the flag. A Shift-In
pulse which would overflow the storage capacity of the FIFQ
is not permitted.
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Figure 11. Shift—Out Operation In High—Speed Burst Mode
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In the high-speed mode, the Burst-Qut rate is determined by  specifications. The OR flag is a “don't care” condition, and a

OUTPUT
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the minimum Shift-Out HIGH and Shift-0ut LOW Shift-Out pulse can be applied without regard to the flag.
Figure 12. Equivalent Input Circuit Figure 13. Equivalent Output Circuit
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Figure 14. Normal Test Load Figure 15. Three—~State Delay Test Load
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Absolute maximum ratings {beyond which the device will be damaged) !
Supply Voltage -05 to +7.0V
Input Voltage -05 to +65V
Output
Applied voitage -05 to +5.5V?
Forced current -1 to +60ma34
Short circuit duration {single output in high state to ground) 1 sec
Temperature
Operating, case -60 to +140°C
junction +175°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 ta specified range.
3. Forcing voltage must be fimited to specified range.
4. Current is specified as positive when flowing into the device.
Operating conditions
Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Vee Supply Voltage 475 50 5.25 45 50. 55 v
tgiL Shift-In Pulse Width, Low 20 20 ns
tSIH Shift-In Pulse Width, High 15 ] ns
tg Input Setup Time 0 0 ns
ty Input Hold Time 25 30 ns
tsoL Shift-Out Pulse Width, Low 2 20 ns
SoH Shift-Qut Pulse Width, High 15 18 ns
L Input Voltage, Logic LOW 08 08 v
Vi Input Voltage, Logic HIGH 20 20 v
lop Output Current, Logic LOW 49 LY} mA
loy Output Current, Logic HIGH -400 -400 PA
Ta Ambient Temperature, Still Air 0 [} °C
Te Case Temperature -55 125 °C

378
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Electrical characteristics within specified operating conditions

—

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
lgc  Supply Current Vg - MAX, static!
Tp = 0°C to 70°C 350 mA
Ty = 70°C 280 mA
Te = -55°C to 125°C 400 mA
Tg = 125°C 260 mA
i Input Current, Logic Low Voo = MAX, V) = 0.5V
DH—U' MR -04 -04 mA
S|, SO, OE -10 -1.0 mA
iy Input Current, Logic High Voo = MAX, V) = 24V 75 75 KA
I Input Current, Max Input Voltage Voo = MAX, V) - 58V 10 10 mA
VoL  Output Voltage, Logic Low Voo = MIN, I = MAX 0.5 05 v
Voy  Output Voltage, Logic High Ve = MIN, gy = MAX 24 24 v
lpzu  High-Z Qutput, Leakage Current, Logic Low Voo = MAX, V| = 05V -40 -40 LA
lozq  High-Z Output, Leakage Current, Logic High Voo = MAX, V| = 24V L} 40 MA
lps  Short Circuit Output Current Vg = MAX, One pin to ground, -40 -40 mA
one second duration, output high.
C Input Capacitance Tp = 25°C, F = 1.0MHz 15 15 i
Cg Output Capacitance Ty = 25°C, F = 1.0MH: 15 15 pF
Note:
1. Worst case: all digital inputs and outputs LOW, OE HIGH.
LS| Products Division
TRW Electronic Components Group 379
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Switching characteristics within specified operating conditions

Temperature Range

& FIXP¥

Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fs) Shift-In Clock Rate Voo = MIN 18 16 MHz
Fg Burst-In Clock Rate Voo = MIN 2 18 MHz
IR Input Ready Delay Voo = MIN 40 50 ns
1 Fallthrough Time Vg = MIN, Load 1 16 18 Us
Fso Shift-Out Clock Rate Voo = MIN 15 13 MHz
fBo Burst-Out Clock Rate Vog = MIN 18 16 MHz
10R Output Ready Delay Vee = MIN, Load 1 51 65 ns
) Data Output Delay Vee = MIN, Load 1 50 65 ns
tHo Data Qutput Hold Time Vee = MIN, Load 1 15 15 ns
tMRw  Master Reset Pulse Width Veg = MIN 20 25 ns
tMRORL  Master Reset to OR Low Voo = MIN, Load 1 60 80 ns
tMRIRH _ Master Reset to IR High Veg = MIN, Load 1 15 £ ns
MRS Master Reset to SI Veg = MIN 55 65 ns
P Input Ready Pulse Voo = MIN, Load 1 40 45 ns
top Qutput Ready Pulse Vg = MIN, Load 1 45 50 ns
tooF Data To Output Flag Delay Veg = MIN, Load 1 1 1 ns
tENA Three-State Output Enable Delay Vee = MIN, Load 1 3H 45 ns
tois Three~State Output Disable Delay Vo = MIN, Load 2 30 40 ns

Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1030J6C STD-Ty = 0°C to 70°C Commercial 28 Lead DIP 1030J6C
TDC1030.J8G STD-Ty = 0°C to 70°C Commercial With Burn-In 28 Lead DIP 1030J6G
TDC1030J6F EXT-Tp = -65°C to 125°C Commercial 28 Lead DIP 1030J6F
TDC1030J6A EXT-Tg = -85°C to 125°C MIL-STD-883 28 Lead DIP 1030J8A
TDC1030J6N EXT-Tg = -55°C to 125°C Commercial With Burn-In 28 Lead DIP 1030J6N
Toc1030C3C STO-Tp, = 0°C to 70°C Commercial 28 Contact Chip Carrier 1030C3C
TDC1030C3G ST0-Ty = 0°C to 70°C Commercial With Burn-In 28 Contact Chip Carrier 1030C3G
TDC1030C3F EXT-Tg = -55°C to 125°C Commercial 28 Contact Chip Carrier 1030C3F
TOC1030C3A EXT-Tg = -55°C to 125°C MIL-STD-883 28 Contact Chip Carrier 1030C3A
TDC1030C3N EXT-Tg = -55°C to 125°C Commercial With Burn-In 28 Contact Chip Carrier 1030C3N
TDC1030B6C STD-Ty = 0°C to 70°C Commercial 28 Lead CERDIP 1030B6C
TDC1030B6G STD-Ty = 0°C 10 70°C Commercial With Burn-In 28 Lead CERDIP 1030B8G

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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Reliability

The ability to produce integrated
circuits to high reliability specifications
cannot be learned overnight. It takes
years to develop such capability, with
special attention given to manufacturing
processes and circuit design techniques.

TRW has been in the forefront of the
development and production of high
reliability integrated circuits. Following
the small-scale integration afforded by
the first TTL gates, TRW moved to
medium and large-scale integration.

TRW LSI Products’ movement from
SSI to VLSI has been centered around
the use of a triple diffusion (3D)
bipolar process. This process was
developed by TRW in the early 1960s
and has been consistently improved to
give superior producibility,
performance and reliability.

The 3D process meets the stringent
requirements of MIL-M-38510 and
MIL-STD-883, as well as those
requirements of other high performance
commercial and industrial applications.
Development of the process was only
one of the steps required to produce
high reliability VLSI. Circuit design
must also be directed toward the same
goal. Reliability cannot be added at a
later stage in the development process.
It must be included in the initial design
of each device.

Another aspect of reliability is the
control of the assembly process, which
is necessary to obtain the desired
results. Here again, there is no
substitute for experience. Each step in
the TRW LSI assembly process is
controlled within narrow limits to
produce high-yield devices of proven
reliability. Testing verifies that high
reliability VLSI has been achieved.
TRW performs unique, product-
oriented accelerated life tests in
addition to tests that are in accordance
with MIL-M-38510 and MIL-STD-883.

Demonstrated VLS| Reliability

Reliability is expressed in terms of
failure units, or FITs, which are
defined as failures per 109 device-
hours. VLSI devices from TRW LSI
Products exhibit a failure rate many
times better than that obtainable from
SSI or MSI logic.

An example of the reliability possible
from VLSI is evidenced by tests
performed on the MPY016H multiplier.
The MPYO016H contains 14,000
components (transistors and resistors)
configured into 888 Current Mode
Logic (CML) gates. Eighteen of these
devices were operated for 2,000 hours
at 290°C junction temperature, and a
median life of 8.0 x 108 hours at
Tj=125°C was demonstrated. This
corresponds to a mean time to failure
(MTTF) of 3.39 x 107 hours or a
failure rate of 29.5 FITs.

Accelerated life testing at elevated
temperatures is used to reduce testing
hours to a practical number. The
theoretical basis for accelerated
temperature testing is the Arrhenius
equation that relates failure rate to
temperature:

loa exp | il )
1 kT
where:

tf = time to failure
A = a constant

E, = activation energy
(approx. 1.02 eV)

k = Boltzmann’s constant
(8.61 x 105 ev/°K)

T = absolute temperature
(°K=°C+273°)

A graphical solution of the Arrhenius
equation can be performed. The first
step in the evaluation of the test results
is to plot the cumulative percent of
failures vs. the hours to failure, as
shown in Figure 1. Then, the best
straight line fit for these points is
drawn to represent the failure
distribution. The intersection of this
line with the 50% failure line is the
median lifetime, tg,, which in this case
is 1500 hours.

An activation energy of 1.02eV was
used for the example in Figure 2. From
this data point (a junction temperature
of 290°C and median lifetime of 1500
hours), a median lifetime of 8 x 106
hours at 125°C is extrapolated. This
corresponds to a mean time to failure
(MTTF) of 3.39 x 107 hours, or a
failure rate of 29.5 FITs.




384

Al S5 1 2 5 10 2030 405060 70 80 90 95 98 995

105
8
10 LA 7
g ]
1500 D
HRS. B ; 5
103 5
P I ‘E‘
= o
5 @
2 b 3
o
g 102 s
S 2
2 ~7
=
A !
pd
1 4 0
10
DEVICE MPY016H
STRESS | TEMPERATURE
AND VOLTAGE
KEY[ N | PARAMETER
0 @ | 18 [ELECT. FAILURES
0 (CATASTROPHIC)
LI MIOTT T

512 5 10 203040506070 80 90 95 98 995
FAILURES {CUMULATIVE %)

Figure 1. Median lifetime, ty,, is 1500 hours for 18 samples of the MPYOT6H multiplier operating at
290°C junction temperature.
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Figure 2. Median Lifetime is 8.0 x 108 hours for the MPYO1BH at 125°C, as determined by accelerated
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Inherent Radiation Hardness

Radiation Level
{Device Fully Functionall

Radiation Source

Gamma Rays 106 rads (S
Neutrons 1014 nigm?
X-Ray (Upset) 29 x 108 radsisec

X-Ray (Burnout) 13 x 1012 radsisec

Table 1. Radiation Resistance Levels

As shown in Table 1, TRW’s 3D
bipolar process is inherently radiation
resistant. High energy radiation excites
and ionizes the semiconductor materials
and displaces atoms from normal
crystal sites, thus, it has a profound
effect on device parameters. These
effects result from damage induced by
neutrons, X-rays, and gamma rays. The
damage can change AC and DC
parameters, affect functional
performance, and in some cases even
destroy the device. Often, these effects
are temporary, lasting only
microseconds, but in some cases they
cause permanent damage.

The small geometries and 3D bipolar
fabrication process make TRW LSI
Products’ VLSI devices inherently
radiation-hard. This hardness is
obtained by structural perfection and
cleanliness of the silicon-silicon dioxide
interface. As a result, these devices
outperform many of the MOS and
bipolar devices exposed to similar
radiation environments. TRW’s
multipliers have been found fully
functional after an absorbed dose of
100 rads (Si) from a gamma ray
source.

Neutron damage also causes a change
in device characteristics by reducing
hfe, the current gain of the transistor.
The 3D transistors are inherently
resistant to neutron damage because
their narrow base region and low
transmit time provide an f; of about
300MHz for 2-micron geometries; thus,
any small change in hg, has little effect
on performance. VLSI multipliers
fabricated with the 3D process have
survived a dose of 1014 n/em? without
functional failures.

Another source of potential radiation
problems comes from X-rays, which
can cause circuit upsets or burnouts.
An upset can produce permanent effects
in regenerative circuits by causing
latch-up conditions or changes in logic
states.

VLSI multipliers fabricated with 3D
technology have experienced no
functional failures or latch-ups when
subjected to 2.9 x 108 rads/sec of X-
ray upset. The high upset tolerance is
again due to small geometries and fast
recovery time constants inherent in the
3D process. The resistance to latch-up
is also due to the low inverse betas of
the NPN and PNP transistors.

The same VLSI multipliers that passed
2.9 x 109 rads/sec were tested for X-
ray burnout with a dose of 1.3 x 1012
rads/sec. There were no functional
failures, latch-ups or burnouts in the
samples.

Reliability by
Design

Fabrication

Matching the fabrication process to
both semiconductor and circuit design,
TRW LSI Products achieves optimum
performance from VLSI. As a result,
both high reliability and good yields
are available.

An example of the reliability designed
into our bipolar and CMOS processes
is the use of a composite metallization
system consisting of titanium and

aluminum. This technique virtually
eliminates electromigration, which
causes voids or hillocks in
metallization. Elimination of
electromigration is achieved because
titanium reduces residual silicon dioxide
in the contact windows, providing
improved ohmic contact and excellent
mechanical adhesion.
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Accurate Masks Lead to Reliable Davices
The final physical layout of the chip is
stored on magnetic tape and applied to
a pattern generator which automatically
draws the device on a glass reticle.
Manual steps are eliminated, thus
ensuring accurate masks for device
production. The first output from the
pattern generator is a glass reticle
containing the layout of a single chip
that is several times actual size.

The reticle is accurately aligned and the
image is reproduced repeatedly to
produce the master mask. This mask is
less susceptible to plate defects (small
pinholes in chrome) than an actual size
mask. Projection printing is used in the
wafer fabrication process. In contrast
with contact printing, projection masks
have a longer useful lifetime because
they encounter essentially no physical
wear. On the other hand, most contact
masks must be discarded after one
hundred (or less) operations. Projection
masks also provide better results than
contact masks because minor defects
are less likely to occur.

Controlling Production to Assure Refiability
Once the design is completed,
fabrication of the VLSI die can begin.
This involves tightly-controlled steps
with appropriate levels of inspection,
testing and screening.

The fabrication process begins with a
silicon wafer. Before any work is done
on the wafer, it is inspected for visible
surface defects.

Next, the wafer’s thickness, flatness
and resistivity are measured. A thin
wafer can be excessively brittle,

whereas a thick wafer is more difficult
to cut into individual dice. Flatness is
important in obtaining an accurate
projection of the artwork contained on
the production masks. Resistivity
affects the electrical parameters of the
semiconductor devices on the wafer.

After a blank wafer passes inspection,
it is processed through many steps.
These include diffusion, ion
implantation, etching, coating with
photoresist, metallization, etc. The
masks are aligned within very tight
tolerances to ensure proper registration
between elements on each die. To
protect the finished surface of the wafer
against contaminants, silicon dioxide
(glass passivation) is deposited over the
entire wafer. Gold is then evaporated
onto the back of the wafer to provide a
good electrical contact to the substrate.
The gold-silicon back contact not only
provides good electrical contact to the
substrate ground, it also simplifies later
attachment of the VLSI die to its
package and enhances thermal
conduction.

The next step involves computer-
controlled testing of each die on the
wafer. Known as ‘‘die probe,”’ this is
an electrical function check for correct
operation. If a die is found to be non-
functional, a drop of ink is
automatically placed on it so it can be
discarded after die separation.

Figure 3 traces the path of each wafer
as it passes through the assembly
process that ends with a completely
packaged device. Note that each
production step has an inspection,
screening or test function associated
with it.
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Figure 3. Inspection, screening or testing fshown in gray) accompanies each assembly step to ensure

the reliability of the finished device.
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Controlled Assembly Steps -

The first step in the assembly process
is die separation. This is accomplished
with an automated diamond saw that
slices the wafer. The saw technique
produces a smoother edge and results
in higher yields than other die
separation methods.

Now the dice are ready to be mounted
within the device package. Each die is
accurately positioned within the
package and a gold-silicon solder
preform is placed between the bottom
of the die and the package. The
combination is heated within very close
temperature tolerances, attaching the
die to the package.

One of the checks on the die-attach
step is temperature calibration of the
heating equipment, which is done every
four hours. Another check is die shear
testing of samples of attached die from
each production lot, and is done to
detect voids between the die and the
package.

After the die is attached to the
package, 1.25mil wires are bonded
from pads on the die to package pads
that connect to the external pins of the
device. To ensure reliable bonds, each
bonding machine is monitored every
four hours.

To check the wire bonds, device
samples are removed from each
production lot and subjected to a wire-
bond pull test. This is accomplished by
specialized equipment that pulls
bonding wires until they separate from
the die. Control charts are maintained
to provide trend analysis.

Inspection Enhances Product Quality

After wire bonding, the device goes
through a pre-seal microscopic
inspection to ensure that it is internally
correct and that the workmanship meets
all requirements. After passing this
inspection, the package is sealed. In
sealing, the package moves through a
special furnace where a lid is attached
to the package.

The sealed package is then gross-leak
tested to verify a good hermetic seal.
Commercial parts receive complete
electrical testing at 25°C and then are
marked and packaged.

For high reliability parts, military or
customer-specified, screens and other

tests are performed. These are followed
by complete electrical testing over the
recommended operating temperature
range. Next, the devices are
appropriately marked and packaged.
Then data are reviewed for
acceptability and if requested, a
certificate of conformance is generated.

Electrical testing of devices is
performed on automated VLSI testers
that are programmed to provide unique
signal patterns for each of the VLSI
circuits. A full-time programming staff
is responsible for the maintenance of
all test programs.

Mil Spec Testing

TRW LSI Products’ high reliability
devices are all produced in accordance
with customer or military specifications
and standards, notably MIL-STD-883,
““Test Methods and Procedures for
Microelectronics,”” and MIL-M-38510,
“‘General Specifications for
Microcircuits.”’

These military documents categorize
microcircuits into three product
assurance classes related to the
reliability requirements of the
application. Class S requirements are
the most stringent because they cover
critical applications. Class B
requirements are intended for less
critical applications and are the most
widely used. The least stringent is
Class C.

MIL-STD-883 contains test methods
and procedures for various electrical,
mechanical and environmental tests as
well as requirements for screening,
qualification and quality conformance
inspection. Table 2, taken from Method
5004 of MIL-STD-883, lists the 100%
screening tests required for these three
devices. TRW LSI Products typically
screens high reliability devices to the
Class B requirements.

Following device screening, samples
are removed from the lot(s) as part of
our ongoing Quality Conformance
Inspection (QCI) program. This testing
is divided into four inspection groups:
A, B, C, and D.

Group A electrical inspection involves
dynamic, static, functional and
switching tests at maximum, minimum
and ambient operating temperatures.
Sample sizes and specified tests depend
on the product assurance class.
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Assurance of the absence of lot-to-lot
fabrication related errors is covered by
Group B inspection, which includes
tests for marking permanency, internal
visual and mechanical correctness, bond
strength, and solderability.

For the remaining two inspection
groups, Group C is oriented toward die
integrity and Group D covers package
integrity. Among the Group C tests are

steady state life, temperature cycling
and constant acceleration. Group D
includes lead integrity, hermeticity, and
thermal and mechanical shock.

The combination of these 100% and
sample tests assures that all TRW LSI
Products are capable of meeting their
specified requirements, and that
reliability will meet or exceed customer
requirements.



Class S Class B Class C
Screen Method Requirement  Method Requirement  Method Requirement
1. Nondestructive bond pull 2023 100% - -
2. Internal Visual 2010, condition A 100% 2010, condition B 100% 2010, condition B 100%
3. Stabilization bake {no end 1008, condition C 100% 1008, condition C 100% 1008, condition C 100%
point measurement required  min., 24 hrs. min. min., 24 hrs. min. min., 24 hrs. min.
4. Temperature cycling 1010, condition C 100% 1010, condition C 100% 1010, condition C 100%
5. Constant acceleration 2001, condition C 100% 2001, condition E 100% 2001, condition E 100%
{min.) Y1 orientation {min.) Y1 orientation {min.) Y1 orientation
only only only
6. Visual inspection 100% 100% 100%
7. Seal 1014 100% 1014 100% 1014 100%
al Fine
b) Gross
8. Particle impact noise 2020, condition A or B 100%
detection {PIND)
9. Interim {pre-burn-in) Per applicable device  100% Per applicable device
electrical parameters specification specification
10. Burn-in test 1015-240 hrs. @ 100% 1015-160 hrs. @ 100%
125°C min. 125°C min.
1. Interim {post-burn-in) Per applicable device  100%
electrical parameters specification
12. Reverse bias burn-in 1015, condition A or C 100%
72 hrs. @ 150°C min.
13. Interim (post-burn-in) Per applicable device — 100% Per applicable device 100%
electrical parameters specification specification
(Read and Record)
14, Seal 12 1014 100%
a) Fine
b Gross
15. Final electrica! test Per applicable device Per applicable device Per applicable device
a) Static tests specification 100% specification 100% specification 100%
1) 25°C {subgroup 1,
Table 1, 5005)
2) Maximum 8 minimum 100% 100% -
rated operating temp.
(subgroups 2, 3, Table 1
5005}
b) Oynamic tests and 100% 100% -
switching tests 25°C
[subgroups 4, 9, Table 1,
5005)
¢} Functional tests 100% 100% 100%
25°C (subgroup 7, Table 1,
5005)
16. Radiographic 2012 two views 100% - -
17. Qualification or quality Sample Sample Sample
conformance inspection test 1 1 1
sample selection
18. External visual 2003 100% 100% 100%

Table 2. 100% Screening Tests (Methed 5004)
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Package Information

LT e A i S R R Y

At TRW LSI Products, packaging is
designed to meet the thermal,
mechanical, and electrical needs of the
circuit and the customer. In order to
achieve this, ail units must pass the
MIL-M-38510 and MIL-STD-883
qualification test conditions for high
reliability. TRW LSI Products offers a
wide range of package designs to
accommodate these requirements. The
High Rel user has the option of 16-64
lead fully gold plated DIPs, flat packs
and chip carriers.

Two types of chip carriers are included
within this wide variety of packages:
contact (also known as terminal or
leadless) chip carriers, and leaded chip
carriers. TRW chip carriers and their
equivalent DIP configurations are
indicated below:

Equivalent DIP
Package 1/0

48 Lead, 64 Lead Top
Brazed DIP lalso 64
Lead Flatpack)

40 Lead DIP
24 or 28 Lead DIP

Chip Carrier 1/0

68 Contact or Leaded
Chip Carrier

44 Contact Chip Carrier

28 Contact Chip Carrier

R0 1t a1 11 T D AL, B R

long nominal) brazed to the contacts
complete the package. This type of
chip carrier is used for surface and
through hole PCB attachments, and
when external heat sinks are required.

There are three major advantages to
using chip carriers over standard DIP
packages. First and foremost is the
economy of chip carrier size (see the
chart below for approximate area
differences in square inches).

Chip Ratio:

Carrier  DIP CC to
0 Count  Area’  Areal DIP
68 0.903 2.560 0.353
4 0432 1.200 0.353
28 0.203 0.840 0.242
20 0123 0.270 0.456

20 Contact Chip-Carrier 16 or 18 Lead DIP

Contact chip carriers conform to the
JEDEC type C outline with 0.050 inch
contact spacing located on plane 1 (heat
dissipating side only). The body
construction consists of multilayer
ceramic with a metallized seal ring for
gold solder lid seal. Contact chip
carriers are used for mother board
leaded conversions of
ceramic/compliant PCB attachments by
means of surface solder mounting
techniques.

Leaded chip carriers are available in
the 68 1/0 configuration. The body is
constructed identically to the 68 contact
chip carrier however the contacts are
located on plane 2 (side opposite the
heat dissipating side). Gold plated
*‘Kovar”’ leads, (0.018 inch wide x
0.006-0.010 inch thick x 0.400 inch

1. Square Inches

Secondly, chip carriers offer a
reasonable size package for present and
future high pin count circuits. For
example, a 68 Contact Chip Carrier is
only .965 inches per side and occupies
a 0.93 square inch area, which is
approximately the equivalent of a 48
lead DIP (1.440 square inches). When
considering the difficulties of handling
and inserting a 48 lead DIP into a
PCB, the impracticality of a 68 lead
DIP (3.4 inches x 1.2 inches, if
available) is evident. The third
advantage is that chip carriers optimize
electrical and thermal characteristics.
Shorter leads of approximately equal
length reduce lead resistance,
inductance and capacitance. The longest
trace on a 64 lead DIP is almost eight
times that of the longest trace on a 68
Contact Chip Carrier. In addition, the
thermal impedance characteristics of the
chip carrier are approximately equal to
those of a DIP. The Leaded Chip
Carrier also provides the external heat
sink option, allowing the heat generated
by the device to be dissipated through
the PCB or to the surrounding
environment.
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68 CONTACT CHIP CARRIER PLANE 2

PLANE 1

2

,1,]/ PiN w\[,:,

"\
VIEW TOWARDS INDEX
PLANE 2 CORNER

VIEW TOWARDS
PLANE 1

£3 LEADED CHIP CARRIER I a2 — —
PLANE2”” L

PLANE 1/

PIN # N ——
[ pyre——
22—

VIEW TOWARDS \ / VIEW TOWARDS
PLANE 2 INDEX CORNER PLANE 1

Chip carriers can typically reduce board space requirements as much as three to one over dual-in-

line packages.

Cerdip packages provide similar

mechanical, and identical electrical Product/ Maximum .
configurations as the dual-in-line Package Calculated ©jc
packages without the full gold solder MPY008HJ5 9557°C/W
seal and lead finish, making them more  \pyQogHC? 7183
economical. The body construction
consists of two single layer ceramic MPYOBHUJS 8557
pieces that ‘‘sandwich’’ an aluminized MPYD12HJ, C1 5877
Kovar lead frame. The leads are matte MPYO12HF1 3631
tin finished for easy solderability. MPYD16HJO, J1, J3, C1 7.908
MPYO1BHF1 4.956
Thermal considerations are an MPY016KJ1 6.753
important aspect of package design.
Much computer modeling of MPY112Ks4 10438
die/package relationships is required to  TDC1001/1002J8 22.868
ensure the integrity of the products
over all tempergatu)r/e rangesp. A list of %E}ggjﬁ gg?g
thermal resistivity (©jc), which is .
material and geometry dependent, is TOC1005J9 12.544
listed for all products in Table 1. This
list reflects the relationship of the die 13%}3325 1;%3
and the package only. Oja, a -
relationship between die, package and TDC100743, €1 36N
outside .environmept, is dependent on TDC1008J4, C1 7.908
the particular application. Contact the
factory for specific ©ja listings. TDC1009J1, C1 5428
TDC10101, C1 3.382
TDC1010F1 1.991
ToCI011J7 15.297
TDC101187 19.996

Table 1 Continues on follawing page.
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Product/ Maximum Product/ Maximum
Package Calculated ©jc ~ Package Calculated Ojc
T0C1014 9804 100102307 5,906
T0C1014C3 8335 TDC1023C3 3638
Tocio 13130 TOCT025¢1, L1 7814
ToCmg 13.985 ToC102747 8411
TDC1016J5 13985

TDC1627C3 5,342
TDCT016C2 10781 Toe102787 T
T0C1016 18139 :
TOC101807 20140 Toci028.4 5142
TDC1018C3 11897 TDC102907 18.548
ToC101887 25210 TDC1030J6 10740
T0C1019C1, L1, J1, J0 3404 T0C1030C3 £.952
o] o TDC103088 14289
TOC10214 17212 TOC104303 11.364
Tocto am TOC1048J6 7752
700102201, C1 5.178 TDC1048C3 5.008

70104885 10.566

Table |
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J0 Package Dimensions
64 Lead Hermetic Ceramic DIP Inches (Millimeters)
Sym Min Max Nom + Tol.
A 121 (3.07) 149 (3.78)
b 015 (0.3 019 (0.48)
by 045 (1.14) 055 {1.40)
c 009 0.29) 012 0.30)
D 3.200 + .030 (81.28 + 0.76)
E 800 + 010 (2032 + 0.25)
" E 800 + 010 (2286 + 0.25)
"‘ L *( e 100 + 005 (254 + 0.13)
L 125 (3.18) 160 (4.06)
SEATING PLANE ‘ o 040 (102 050 (120
s 030 (0.76) 070 (1.78)
c o - o © 15°
Ref. 90X00181
6 kX

1 PIN 1 IDENTIFIER

T T ™

T

b

.

LSI Products Division
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J1 Package Dimensions
64 Lead Hermetic Ceramic DIP

Inches (Miliimeters)

Sym Min Max Nom + Tol

A 206 (5.23) 267 (6.78)

b 015 (0.38) 019 (048

by 045 (1.14) 085 {1.40)

c 009 (0.23) 012 (0.30)

D 3.200 + 030 (81.28 + 0.76)
E 800 + 010 {20.32 + 0.25)

800 + 010 {2286 + 0.25)

-2
~

r_.
L_L

: 100 + 005 (254 + 0.13)
L 125 318 160 (406)
_SEATING PLANE a 070 (178 085 (2.16)
f s 030 0761 0 0.78)
C o - 2 15
Ref. QOX00181
B n

7

\EEMMMIW TS TETATETATETSTETATETSTETITA
! PIN 1 IDENTIFIER &

SEATING PLANE

LS| Products Division
TRW Electronic Components Group 397
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J3 Package Dimensions
64 Lead Hermetic Ceramic DIP \nches (Mifimeters] e
Sym Min Max Nom + Tol
A 753 089 8% 72
b 015 038 019 048)
by 045 (118 05 (140
c 009 029 012 030
3200 = 030 6128 = 070
E 800+ 010 (2032 + 025)
) 900 = 010 (2286 £ 0.9
. £ o 00+ 005 254 + 013
Vo L 15 610 160 (426
SEATING PLANE 0 s 085 2.16)
T]’ J 5 130 078) 070 (1.78)
of AT 0 5
Ref. S0X00181
8 B

JT IR J% JT I IT JTJT IR JT IT IT JTIXTT

I T TR T TR TR YT TR TATSTETATATETATETATATATETE IEN

! \ PIN 1 IDENTIFIER 2

SEATING PLANE

LS! Products Division
398 TRW Electronic Components Group



J4 Package
48 Lead Hermetic Ceramic DIP

PIN 1 IDENTIFIER

NP JL JL

LS1 Products Division
TRW Electronic Components Group

§ FCFY
Dimensions
Sym Min Max Nom + Tol.
A 126 3.20) 1166 4.22)
b 016 (©.41) 020 (051
by 045 (1.14) 055 (1.40)
¢ .009 0.23) 012 0.30)
D 2400 + .024 (60.96 + 061)
E 595 + 010 (15.11 £ 0.25)
£ 600 + .010 (1524 + 0.25)
e 100 + .005 (254 + 0.13)
L 125 (3.18) 175 (445)
a 040 (1.02) 060 (152)
S 043 (1.09) 057 (1.45)
Ref. 90X00181

2%
E
2
Ey
A SEATING PLANE
1
u ‘I.

e
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J5 Package Dimensions
40 Lead Hermetic Ceramic DIP Inches (Milimeters)
Sym Min Max Nom + Tol.
A 126 320 166 (6221
b 016 (041 020 (051)
£ by 035 (089 M5 (114
c 009 (0.23) 012 (030)
) 2000 + 020 (5080 £ 051)
E 590 + 010 (1499 £ 0.25)
3 600 + 010 (1524 £ 0.25)
SEATING PLANE e 100 + 005 (254 + 0.13)
L 125 3.18) 175 (4.45)
Q 040 (1.02 060 (152)
5 043 (1.09) 059 (150)

—]-.

e —

Ref. 0X00181

2

PIN 1 IDENTIFIER

A
SEATING PLANE

LS! Products Division
TRW Electronic Components Group
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J6 Package Dimensions
28 Lead Hermetic Ceramic DIP Inches (Milimeters)

Sym Min Max Nom + Tol

A 125 (320 166 (422

b 016 041 020 (051)

by 045 1.14) 055 (140

c 009 (023 012 030

1400 = 014 (3556 + 036)

E 590 + 010 (1499 ¢ 0.25)

E 600 + 010 (1524 = 0.25)

] 100 + 005 (254 + 0.13) O.C.

L 125 Q.18) 175 (4.45)

a 040 102 060 (152

s 043 (109 053 (150

Ref. 90X00181

28 15

T U T N N N N S — U T

PIN 1 IDENTIFIER

A SEATING PLANE

LSI Products Division
TRW Electronic Components Group 401
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J7 Package Dimensions
24 Lead Hermetic Ceramic DIP Inches (Milimeters)
Sym Min Max Nom + Tel.
A 126 3200 185 4.2
b 016 (041) 020 (051
13 by 03 (089) 5 (1.1
c 009 (0.23) 012 030
1.200 = 012 (3048 = 030
E 590 + 010 (1499 + 0.25)
£ 600 + 010 (1525 = 0.25)
% e 100 + .005 (254 + 0.13)
77 L 125 (3.18) 175 {4.5)
() 040 1.0 060 {1521
ﬁ ) 043 (1.09) 57 {145)
1 12 Ref. S0X00181

Ey

SEATING PLANE

C—-T‘—

LSI Preducts Division
TRW Electronic Companents Group
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J8 Package Dimensions
18 Lead Hermetic Ceramic DIP Inches (Millimeters)
Sym Min Max Nom + Tol.
A 10 (2.79) 150 (3.81)
b 016 (041) 020 (051)
by 049 (1.24) 059 (1.50)
18 10 ¢ 009 (0.23) 012 0.30)
R e e D 800 + 010 (22.86 + 0.25)
} E 295 + 008 (7.43 + 0.20)
% E E 300 + .010 (7.62 ¢ 0.25)
¢ e 00 + 005 (254 + 0.13)
|\ L 125 (3.18) 170 (4.32)
1 g (] 025 (0.64) 45 (1.14)
s 043 (1.09) 057 (1.45)

PIN 1 IDENTIFIER

Ref. 80X00181

E

SEATING PLANE

LS| Preducts Division
TRW Electronic Components Group 403
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J9 Package Dimensions
16 Lead Hermetic Ceramic DIP Inches (Milimeters)
Sym Min Max Nom + Tol.

A 210 279 150 (381)
b 016 (0.41) 020 (051
by 049 (1.24 059 (1.50)
c 009 (0.23) 012 0.30)
% 792 (2012 808 (2052

E 295 + 008 (150 + .208)

$ £ A0 010 (762 + 029

e 100 + 005 (254 + 0.13)
E L 125 (3.18) 270 (4.32)
‘ ] 025 (064 045 (1.14)
7 Z SN s 043 (1.09) 057 (145)

TN
PIN 1 IDENTIFIER Ref. S0X00181
- D E
SEATING PLANE N——
c

LSI Products Division
TRW Electronic Companents Group
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B6 Package Dimensions
28 Lead CERDIP Inches (Millmeters)
Sym Min Max Nom + Tol
A 2% (572
b 014 0.38) 023 (058)
by 030 (0.76) 070 (1.78)
¢ 008 (0.30 015 (0.38)
D 1465 = 025 (37.21 + 068)
£ 510 (12.85) 590 (14.99)
3 00 & 010 (1524 = 0.25)
e 100 + 005 (254 £ 0.13)
L 135 (3.18) 200 {5.08)
a 015 (0.38) 075 191
s 098 (2.49)
« ®© 150

Ref. 90X00181

PIN 1 IDENTIFIER

SEATING PLANE

Eq

LS1 Products Division
TRW Electronic Components Group

e
¢ \_/L\
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70800
B7 Package Dimensions
24 Lead CERDIP Inches (Millimeters)
Sym Min Max Nom + Tal.
A 225 6.7
b 014 361 023 058)
by 030 076) 070 (1781
u n c 008 0.20) 015 (038
D 1267 = 023 (3218 = 058)
E 510 (1299 610 (15.48)
3) 605 + 016 (1537 < 038)
e 100 + 005 (254 + 0.13)
L %5 618 700 (508
/ 0 015 038) o715 (190
e R m s s 038 249
! \ 12 @ 0 15
PIN 1 IDENTIFIER
Ref. S0X00181
Ey
SEATING PLANE
"/a
\JL\
c
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020 + 005 (0.51 + 0.13)

C1 Package Dimensions
68 Contact Hermetic Ceramic Chip Carrier Inches (Millmeters)
Sym Min Max Nom + Tol.
A 082 (208 | .100 (254
B 020 050 | 030 (076)
0 00078 | 080 203
E 9575 = 0125 (2.19 £ 3175 sq.
_ €0 4“ e 050 + 005 (1.27 + 0.13) OC.
6 3 B 040 + 005 (1.02 + 0.13) 3 PLCS
i
L

045 (1.14) 055 (1.40)
Ly 080 (2.03) 090 2.29)

Ref. 80X00181

m
-

-~ T

LS| Products Division
TRW Electronic Components Group 407
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C2 Package Dimensions
44 Contact Hermetic Ceramic Chip Carrier Inches (Millimeters)
Sym Min Max Nom + Tol.
_ A 068 173) 084 (2.13)
B 020 051 030 (0.76)
0 070 (1.78) 080 (203)
E B52 = 010 (1856 + 0.5 sq.
e 050 + .005 (1.27 + 0.13) O.C.
h 040 £ 005 {102 + 0.13) PLCs
i 020 + 005 (051 + 0.13) PLC
P L 045 {1.14) 055 (1.40)
1 080 (203 090 (2.29)
Ref. 90X00181

IHillihhlihLLihaE

PIN 1 IDENTIFIER -
o0l

LS! Products Division
408 TRW Electronic Components Group




C3 Package
28 Contact Hermetic' Ceramic Chip Carrier

PIN 1 IDENTIFIER

LS| Products Division
TRW Electronic Companents Group

_

Dimensions

Inches (Millimeters)

Sym Min Max Nom + Tol.

A 064 (1.63) 078 (1.98)

B 020 (0.51) 030 (0.76)

Dy 070 (1.78) .080 (2.03)

E 450 + 008 (1143 + 0.20) sq.
e 050 + .005 (1.27 + 0.13) O.C.
h 040 + .005 (1.02 + 0.13) x 45°, 3 PLCS
i 020 + .005 (0.5 + 0.13) x 45°
L 045 (1.14) 055 (1.40)

L, 080 (2.03) | .090 (2.29)

Ref. 90X00181

4—_—*01*..——-1

408
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L1 Package Dimensions
68 Leaded Hermetic Ceramic Chip Carrier Inches (Milimeters)

Sym Min Max Nom + Tol.

A 09 228 00 254

b 16 041 20 051

c 09 023 2 03

E 525 + 0125 (2418 = 3179 sq

e 050 + 005 (1.27 + 013 O,

L 30 B89 [ 40 (0.8

Ref. 90X00181

— ]

410

%
-

]
I

LS! Products Division
TRW Electronic Components Group
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F1 Package

Dimensions

64 Leaded Hermetic Ceramic Flatpack Inches (Milkmeters]

Sym Min Max Nom + Tol

A T4 (163) 079 200

b 016 (041 020 (051)

c 007 (018 010 (025

E 900 + 009 (2286 = 0.23
3 800 + 008 (2032 + 0.20
o 050 £ 005 (127 + 0.13)
L 350 (889) 400 (1016

Ref. 30X00181

17

-
2

| ee—————

C

-

o

I
bl A

PIN 1 IDENTIFIER

I PR B
T

LS! Products Division
TRW Electronic Companents Group 41
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Glossary

ACC Accumulate {Control)

An active-HIGH control signal which
causes the contents of the product
register to be added to (or subtracted
from) the output of the multiplier in a
multiplier-accumulator.

Agnp Analog Ground

Ground reference point for analog
power supply and analog circuitry.

BW Bandwidth

A large-signal parameter which
represents the upper limit of the
frequency band that can be accurately
digitized by an A/D converter. The
lower limit of this band is DC. The
conditions that apply to the BW
specification are:

1. Full-scale sinewave applied to the
analog input.

2. A/D converter operating at
maximum conversion rate (Fg).

3. Worst-case power supply voltages
applied to A/D converter.

4. Operation over full temperature
range.

BWR Reference Bandwidth

Refers to the small signal frequency
response of the reference input. The
converter will operate ratiometrically
within this range. The conditions that
apply to the BWR specification are:

1. Small-signal (-10dB) sinusoidal
variation superimposed onto nominal
DC reference value.

2. Maximum reference input frequency
which is attenuated less than 3dB at
the output (relative to DC response)
is the reference bandwidth. The
lower limit is DC.

C; Digital Input Capacitance
Parasitic capacitance between a digital
input and digital ground.

Ciy Input Capacitance

Parasitic equivalent capacitance between
analog inputs of an A/D converter and
analog ground. One component of the
input capacitance varies with input
voltage, while total input capacitance
includes stray capacitance due to
packaging and other effects.

Cg Output Capacitance

Parasitic capacitance between the output
terminal of a D/A converter and analog
or digital ground.

CONV Convert (Input)

An input signal whose rising edge
initiates sampling in a flash analog-to-
digital converter. The input signal is
quantized after a delay of tgTq.

CRer Input Capacitance, Reference

Parasitic capacitance between the
reference input terminal and analog
ground.

Dgnp Digital Ground

Ground reference point for digital
power supply and digital circuitry.

DG Differential Gain

A measure of the variation in amplitude
of the color subcarrier component
(chrominance) of a video signal when
superimposed on a large low-frequency
(luminance) signal. The units of
differential gain are expressed in
percentage of amplitude variation.

DP Differential Phase

A measure of the variation in phase
angle of the color subcarrier component
(hue) of a video signal when
superimposed on a large low-frequency
(luminance) signal. The units of
differential phase are expressed in
degrees of phase variation.

Epp Aperture Error

An equivalent aperture time

corresponding to A/D conversion

degradation, encompassing all aperture ’
effects, including aperture jitter and

aperture time.

Eg Absolute Gain Error

The variation in the slope (gain) of the
transfer function of a converter with
respect to an established ideal transfer
function. This error may be eliminated
by adjusting the reference voltage or
current applied to the device.

415
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E p Differential Linearity Error

The difference between the actual
differential linearity and the ideal
differential linearity of a device.
Differential linearity is a measure of
the variation of the separation between
the midpoints of adjacent conversion
levels.

Ey; Integral Linearity Error (Independent)
The maximum difference between
actual transfer characteristic of a
converter and the straight line that best
fits the data. Ej 1 is usually expressed
as a percentage of full-scale or in an
equivalent number of Least Significant
Bits.

E)y Integral Linearity Error (Terminal-Based)

The maximum difference between the
actual transfer characteristics of a
converter and the straight line that
passes through the end-points
(terminals) of that data.

Egg Offset Error, Bottom

The voltage difference between the
voltage applied to the terminal at the
bottom of the reference resistor chain
(Rp) and a point that is 1/2 LSB more
negative than the threshold voltage of
the last (bottom) comparator in the
chain. Egp is due to parasitic
resistances in the path between the
integrated circuit and the terminal.

Egy Offset Error, Top

The voltage difference between the
voltage applied to the terminal at the
top of the reference resistor chain (R)
and a point that is 1/2 LSB more
positive than the threshold voltage of
the first (top) comparator in the chain.
EQT is due to parasitic resistances in
the path between the integrated circuit
and the terminal.

Fg Maximum Conversion Rate

The maximum frequency that can be
applied to a clock or convert input
while insuring that the conversion
accuracy is not degraded. This
parameter is expressed as a minimum
to indicate that the device will operate
correctly at a conversion rate of ‘‘at
least’” that specified rate.

FTg, FTp, FTR Feedthrough -clock, -data,
-reference

A measure of unwanted leakage from
an input port of a device to another
port (e.g., the analog output of a D/A
converter), which is expressed in
decibels relative to the full-scale value
of the output. Clock and data
feedthrough refer to spurious output
noise arising from logic transitions at
the clock and data inputs. Reference
feedthrough relates to output variation
as a function of reference variation in a
D/A converter when data inputs
correspond to a zero output.

Ge Peak Glitch Charge

The maximum product of the glitch
current and the duration of the glitch;
usually given in units of picoCoulombs
(pC). Since glitches tend to be
symmetric, the average glitch charge is
usually much less than the peak glitch
charge.

Gg Peak Glitch “Energy” (Area)

The maximum product of the glitch
voltage and the duration of the glitch;
usually given in units of
picoVolt-seconds (pV-sec). Since
glitches tend to be symmetric, the
average glitch area is usually much less
than the peak glitch area.

Gy Peak Glitch Current

The transient current deviation from the
ideal output current during an input
code transition.

Gy Peak Glitch Voltage

The transient voltage deviation from the
ideal output voltage during an input
code transition.

Icg Input Constant Bias Current

The constant current drawn into the
input of a flash A/D converter which is
the sum of input currents of
comparators which are active. This
current varies with the input signal
level, as comparator input transistors
are cut-off or become active. The
highest Icg occurs when the input
voltage to the converter is higher than
all the comparator threshold voltages.

Igc Positive Supply Current

Current flowing into the positive power
supply terminals from the positive
power supply.



Igg Negative Supply Current

Current flowing out of the negative
power supply terminals into the
negative power supply.

Iy Input Current, Maximum Input Voltage

Current flowing into a digital input
under worst-case power supply and
input voltage conditions.

iy Input Current, Logic High

Current flowing into a digital input
when a logic HIGH is applied to that
input.

hL lnput Current, Logic Low

Current flowing into a digital input
when a logic LOW is applied to that
input.

Ipp Output Offset Current

The residual output current of a D/A
converter that flows when all internal
current sinks are switched off.

lgy Output Current, Logic HIGH

The current that flows out of a digital
output into an external load when that
output is in a logic HIGH state.

IgL Output Current, Logic LOW

The current that flows between an
external load and a digital output when
that output is in a logic LOW state.

gy Maximum Current, — Qutput

The maximum current that flows into
the ““OUT-"" output of a D/A
converter.

lgp Maximum Current, + Output
The maximum current that flows into

the ““OUT+"" output of a D/A
converter.

lpg Short Circuit Qutput Current

The current that flows from a digital
output to ground when that output is
connected to digital ground and is
forced to a logic HIGH state.

Iner Reference Current

Current flowing into or out of the
reference input terminals of an A/D or
D/A converter.

Isg Input Clock-Synchronous Bias Current

The variation of input bias current
which occurs when the comparators are
strobed by the convert clock. The Igg
component of the input bias current is
normally much smaller than the Input
Constant Bias Current, Icp.

MSPS Megasamples Per Second

The abbreviation for the conversion
rate (clock or convert frequency) at
which an A/D or D/A converter is
operating.

NPR Noise Power Ratio

The Decibel ratio of the noise level in
a measuring channel with the baseband
fully noise loaded, to the level in that
channel with all of the baseband noise
loaded except the measuring channel.

PREL Preload (Control)

A control signal which determines (in
conjunction with the three-state control
pins) which of three signals is to be
loaded into the output register at the
rising edge of the product clock: the
result of the calculations which were
just performed, the present contents of
the output register, or a value applied
to the output port by external circuitry.

PSS Power Supply Sensitivity

A measure of DC variation of an
output under consideration (e.g., the
analog output of a D/A converter) as
the power supply voltage is varied
around the nominal value. PSS is
specified in milliamps or millivolts of
output change per volt of supply
change.

PSRR Power Supply Rejection Ratio

A measure of high-frequency noise
rejection from the power supply inputs
of a device to the output under
consideration (e.g., the analog output
of a D/A converter). Expressed in
decibels relative to full-scale output.
Generally, PSRR decreases with
increasing frequency, and for this
reason is often specified at more than
one frequency.
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Q Code Size

The nominal amount of voltage change
at the analog input of the converter
required to change the digital output
data by one Least Significant Bit. Q is
calculated from: )

Full-scale input voltage range A

Total number of possible codes - 1 ) (2N)-1
where A is typically 0.5, 1.0, or 2.0
Volts depending on the specific A/D
converter and N is the number of bits
of resolution of the specific converter.

RES Resolution

The smallest level separation (input
level for A/Ds and output level for
D/As) that is unambiguously
distinguishable over the full-scale range
of a converter. It is expressed as a
percentage of full-scale or as an
equivalent number of bits; usually the
number of data inputs of a D/A or data
outputs of an A/D converter.

Riy Equivalent Input Resistance

The equivalent resistance between the
analog input of an A/D converter and
analog ground.

Rg Equivalent Output Resistance

The effective equivalent resistance
between an analog output terminal of a
D/A converter and analog ground.

Rpeg Total Reference Resistance

Total resistance between the top (RT)
and bottom (Rp) of the reference
resistor chain.

RS Right Shift (Contral)

A control signal which changes the
output format to permit a valid resuit
for the product of two most negative
numbers.

SNR Signal-to-Noise Ratio

Signal-to-noise ratio is the ratio of the
output signal (peak or RMS) to the
RMS output noise level. Since the
generation of spurious output noise in a
converter varies with conversion rate
and input frequency, SNR figures
under various conditions are often
specified. SNR is expressed in dB
relative to the full-scale value.

SUB Subtract (Control)

A control signal which determines
whether the present contents of the
output register is added to

(SUB = LOW) or subtracted from
(SUM = HIGH) the product at the
output.

Tp Ambient Temperature

The temperature of the air in the
immediate vicinity of the package
containing an integrated circuit.

TC Two's Complement (General Definition)

Two’s complement is a binary
numbering system in which the Most
Significant Bit (MSB) carries the sign
information by virtue of a negative
place value. In two’s complement, an
MSB of ZERO signifies a positive
number, a ONE denotes a negative
number, and the negative number order
is reversed from straight binary. That
is, the number which consists of all
ONEs is the least negative number, and
the number which consists of a ONE
and all ZEROs is the most negative
number.

TC Two's Complement (Control)

An active HIGH signal which
designates one or both inputs as two’s
complement numbers. If TC is LOW,
unsigned magnitude processing will be
used. Note that some parts allow
independent designation of each input
as two’s complement or unsigned
magnitude, and other parts do not.

Te Case Temperature

The temperature of the package
containing an integrated circuit.

TCg Gain Error Tempco

The factor which linearly approximates
the variation with temperature of
Absolute Gain Error, Eg.

TCq Offset Error Tempco

The factor which linearly approximates
the variation with temperature of Offset
Error Top (EqT) and Offset Error
Bottom (EQp).

tp Output Delay Time

The period between the rising edge of
the output register clock and the time
when output data is guaranteed to be
stable and valid.



ty Hold Time

The time period after the operative
edge of a CLK signal during which
input data must be constant in order to
be correctly registered.

typ Output Hold Time

The period between the rising edge of
the output register clock and the time

when output data begins to change to

its next value.

tpy Pulse Width

The time period between consecutive
edges of a logic pulse.

tpwH Puise Width, HIGH

The time period between the rising
edge of a logic pulse and the falling
edge of that pulse.

tpwr Pulse Width, LOW

The time period between the falling
edge of a logic pulse and the rising
edge of the next pulse.

TRIL Three-State Least Significant Product
{Control)

A control which enables the output
state for the least significant product
when in the LOW state, and places the
output stage for the least significant
product in the high-impedance state
when HIGH.

TRIM Three-State Most Significant Product
(Control}

A control which enables the output
stage for the most significant product
when in the LOW state, and places the
output stage for the most significant
product in the high-impedance state
when HIGH.

tg Setup Time

The time period prior to the operative
edge of the clock signal during which
input data must be stable in order to be
correctly registered.

TSL Three-State Least Significant Product
(Control)

A control which enables the output
stage for the least significant product
when in the LOW state, and places the
output stage for the least significant
product in the high-impedance state
when HIGH. A HIGH on this control

also forces the most significant product
section of the output register to be
preloaded at the rising edge of the
product clock when PREL is active.

TSM Three-State Most Significant Product
(Control)

A control which enables the output
stage for the most significant product
when in the LOW state, and places the
output stage for the most significant
product in the high-impedance state
when HIGH. A HIGH on this control
also forces the most significant product
section of the output register to be
preloaded at the rising edge of the
product clock when PREL is active.

tsTo Sampling Time Offset

Sampling Time Offset as it relates to
flash A/D converters is a measure of
the time delay from convert clock to
the actual sampling time. tgTQ is
determined by logic propagation delays
and time taken for comparator
activation and latch-up.

TSX Three-State Extended Product (Control)

A control which enables the output
stage for the extended product when in
the LOW state, and places the output
stage for the extended product in the
high-impedance state when HIGH. A
HIGH on this control also forces the
extended product section of the output
register to be preloaded at the rising
edge of the product clock when PREL
is active.

tyg Transient Response Time

Transient Response Time is the time
taken by the A/D’s comparators to
recover from full-scale input transitions
and convert without increased code
errors.

Vagnp Analog Ground Voitage

Analog ground voltage is a measure of
the voltage at an analog ground
terminal, usually measured with respect
to digital ground.

Vee Positive Supply Voltage

The positive power supply voltage
required for operation of a device.

Vge Negative Supply Voltage

The negative power supply voltage
required for operation of a device.
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Veea Analog Supply Volitage

The negative power supply voltage
associated with the analog portion of a
device.

Vegp Digital Supply Voltage

The negative power supply voltage
associated with the digital portion of a
device.

Vicw Input Voltage, Common Mode Range

The operational limit over which a
differential logic input voltage may be
varied. .

Vipp Input Voltage, Differential

The voltage difference between a logic
input and its complementary input.

Vig Input Voltage, Logic HIGH
The voltage required on a digital input

in order for that input to be forced to a
valid logic HIGH state.

Vi Input Voltage, Logic LOW
The voltage required on a digital input

in order for that input to be forced to a
valid logic LOW state.

Vpcn Voltage Compliance, —Output

A measure of the range over which the
output voltage of a current generator
may be varied. Vocy is the voltage
compliance of the —output of a D/A
converter.

Vgep Voltage Compliance, +Output

Vocp is the voltage compliance of the
+output of a D/A converter. See

Vocn:

Voy Output Voltage, Logic HIGH

The voltage present on a digital output
when it is in the logic HIGH state and
is driving a specified load.

Vg Output Valtage, Logic LOW

The voltage present on a digital output
when it is in the logic LOW state and
is driving a specified load.

Vozs Output Voltage, Zero Scale

The residual output voltage of a D/A
converter that appears at its output
when all internal current sinks are
switched off.

Vpg Reference Input Voltage (Bottom)

The voltage applied to the terminal
corresponding to the bottom of the
reference resistor chain, Rg of an A/D
converter.

VT Reference Input Voltage (Top)

The voltage applied to the terminal
corresponding to the top of the
reference resistor chain, R of an A/D
converter.



U Pl 0. N5 U 15 N 300 200 s 6 . b

i A R 2000 AT -

NIRES) i e el SR ABAN RV RI R LTSI LAV SO IS,

AL S LA B N LSRN TS r »

T e

AT Y SO a3 1 B s p

L T A A0 AR AR & A L0 A 310 I W .5 T8 103 PP O 00 i AT H LRSI 0 R e

s LRI Y

10 2 Rt T T

RN )

—
)
=

WIS AL 5 Y W

z T i v——————

e AL S

X Ordering Information

an



LS| Products Division
TRW Eiectronic Components Group



Ordering Information

For Special Assistance
Call The TRW Sales
Office Nearest You:

North American Sales Offices

Alabama, TRW ECG
Huntsville

Arizona, TRW ECG
Scottsdale

S. California, isds

Los Angeles

Woodland Hills

Santa Ana

San Diego

N. Cafifornia, Straube Assoc.
Mountain View

Colorado, Straube Assoc.
Westminster

Connecticut, TRW ECG
Rowayton

Florida, TRW ECG

Ft. Lauderdale

Ortando

Georgia, TRW ECG
Norcross

Idaho, TRW ECG

Boise

Wlinois, TRW ECG
Chicaga '
Indiana, R.0. Whitesell
Ft. Wayne

Indianapolis

Kokomo

lowa, C.H. Hom

Cedar Rapids

Kansas, Midtec Assoc.
Desoto

Kentucky, R.0. Whitesell
Louisville

Maryland, TRW
Baltimore

Massachusetts, TRW ECG
Framingham
Massachusetts, Byrne Assoc.
Maynard

Michigan, R.0. Whitesell
Southfield

St. Joseph

Grand Rapids

Minnesota, TRW ECG
Minneapolis

Missouri, J.G. Macke Co.
St. Louis

New York, TRW ECG
Rochester

Metro

North Carolina, TRW ECG
Greensboro

(205) 633-7600

(602} 994-0441

(213 4780183
(213) 883-7130
{714} 973-2162
(619) 571-1544

(415} 969-8060

(303) 426-0830

(203} 853-4486

(305} 772-3000
(305) 857-3650

(404) 4476154

{312) 6937730

(219} 432-5591
(317} 359-9283
{317) 457-9127

(319) 393-8703

1913} 441-8585

1502} 426-7696

1301} 964-9110

1617) 620-0625

1617) 897-3131

1313) 559-5454
{616} 9837337
1616} 942:5420

1612} 8546616

1314) 4322830

1116) 425-3775
1203) 853-4466

(919) 852-4676

Ohio, R.0. Whitesell
Cincinnati

Cleveland

Columbus

Dayton

Oregon, TRW ECG

Portfand

E. Pennsylvania, TRW ECG
Bala Cynwyd

W. Pennsylvania, R.0. Whitesell
Pittsburgh

Puerto Rico, Electronic Sales Assoc.

Rio Piedras

Tennessee, R.0. Whitesell
Greeneville

Texas Technology Sales Co.
Austin

Texas, TRW ECG

Dallas

Houston

El Paso

Utah, Straube Assac.

Salt Lake City

Virginia, TRW ECG
Richmond

Washington, TRW ECG
Seattle

Wisconsin, TRW ECG
Brookfield

Canada, Renmark Electronic Mkt.
Carelton Place

Toronto

International Sales Offices

Australia, S.T.C. Cannon
Moorabbin, Vic.

Austria, Transistor Vertriehs GmbH
Wien

Belgium, REA Belgium

Bruxelles

Brazil, TRW Mialbras, S.A.

Sao Paulo

China, Tektron Electronics
Kowloon

Denmark, A/S Nordisk Elektronik
Herlev

Finland, OY Fintronic AB

Helsinki

France, Radio Equipements-Antares
Paris

Germany, TRW EBV GmbH
Muenchen

Jermyn GmbH

Bad Camberg

Hong Kong, Tektron Electronics
Kowloon

India, Matwane Private Ltd.
Bombay

Italy, Exhibo ltaliana S.R.L.
Monza

(513) 5212290
(216) 447-8020
{614) 8889336
(513) 288-9546

(503) 6205032
(215} 667-3400
(412} 953-6161
(809) 763-2911
(615} 633-6154
(512} 345-2331

(214) 248-8000
{713} 772:5641
(915} 594-8259

(801} 263-2640
(804) 288-8334
(206) 641-9936
1414} 784-7773

1613} 267-1430
(416] 494-5445

555-9566
222-828401
{02) 5117089
2409211
3856139
(02 842000
{80 6326022
{01) 758111
(089) 71030
(06434) 230
3856193
213845

1038) 360021
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Japan, Nihon Teksel Co. Ltd. 521 Weddel Drive 1408) 745-6600
Tokyo 103} 4615121  Sunnyvale, CA 84086 v
Japan, TRW Overseas Inc. HallMark Electronics
Tokyo (03) 434-0881 3878 Ruffin Road, Unit 10A 1619) 268-1201
Korea, Dong Young Trading Co. San Diego, CA 82123
Seoul 794-4812 500 Mercury Drive (408) 7739300
Netherlands, Koning En Hartman N.V. Sunnyvale, CA 94086
Den Haag (701 210101 Hamitton/Avnet
New Zealand, AWA 10950 W. Washington Blvd. {213} £58-2824
Porirua 544375069 Culver City, CA 90230
Norway, Nordisk Elektronik Norge A/S 4545 \{iewridge Avenue 1619) 571-7523
Hvalstad 02) 786210 San Diego, CA 82123
Seamax Engineering Private Ltd. 1175 Bordeaux Drive (408) 743-3355
Singapore 657476155  Sunnywale, CA 34086
South Africa, Electrofink Pty 3170 Pullman Street (714] 641-1410
Capetown 0215350 Costa Mesa, CA 92626
Johanneshurg 0116181027 4103 Northgate Bivd. {916} 9205531
Spain, Unitronics S.A. Sacramento, CA 95834
Madrid 1) 2425204 20501 Plummer Street 1213) 700-2600
Sweden, Nordisk Elektronik AB Chatsworth, CA 81311
Stockholm (08) 635040  Colorado
Switzerland, Baerlocher AG Arrow Electronics
Zurich [01) 429900 1380 S. Potomac Street (303) 636-1111
Taiwan, Sea Union Eng. Aurara, CO 80012
Taipei 7512062 Hall-Mark Electronics
United Kingdom, MCP Electronics Ltd. 6950 S. Tucson Way 1303) 6941662
Middlesex (01) 9025941  Englewood CO 80112
Hi-Tek Distribution, Ltd. Hamilton/Avnet
Cambridge {0954} 81995 8765 E. Orchard Road (303) 7401018
Suite 708
Englewood, CO 80111
Connecticut
TRW LSI Products are available off the shelf  Arow Electronics
from the following distributors: 12 Beaumont Road (203) 2657741
Wallingford, CT 08482
z:::um;lectmﬁcs Hamilton/Avnet
3611 Memorial Pkway South s {)“,?v”:‘”a' Park 1208 7872800
Huntsville, AL 35801 Danbury, CT 06810
HallMark Electronics i
4300 Bradford Drive (205) g37g7gp  Flovida )
Huntsville, AL 35807 Arrow Blectronics
L 1001 N. W. 62nd Street {305) 776-7730
Hamilton/Awmet Suite 108
ﬁignztsﬁflg""fl’cggsgg“’e (205 8377200 g\ quderdale, FL 33308
! 50 Woodiake Drive West {305} 725-1480
Arizona Building B
Arrow Electronics Palm Bay, FL 32905
2127 West 5th Place 1602) 9684800 HallMark Electronics
Tempe, AZ 85281 1671 West NcNabb Road {305) 6719280
Hall-Mark Electronics Ft. Lauderdale, FL 33309
4040 E. Raymond 1602) 2438601 7648 Southtand Bivd. 301) 8554020
Phoenix, AZ 85040 Suite 100
HamiltonlAynet . Orlando, FL 32809
505 S. Madison Drive (602) 2315142 15301 Roosevelt Bivd. #303 1813) 5304543
Tempe, AZ 85281 Clearwater, FL 33520
California Hamilton/Avnet
Arrow Electronics 6800 NW 15th Way (305) 944-2060
19748 Dearborn Street (213) 7017500 Fort Lauderdale, FL 33309
Chatsworth, CA 81311 3187 Tech Drive North (813) 576-3930
2961 Dow Avenue (714) 8385422 St. Petersburg, FL 33702
Tustin, CA 92660 6947 University Bivd. 305) 6283868
9511 Ridgehaven Court (619) 5654800  Winter Park, FL 32792

San Diego, CA 92123

an



Georgia

Arrow Electronics
2979 Pacific Drive
Norcrass, GA 10071
HallMark Electronics
6410 Atlantic Bivd
Suite 115

Norcross, GA 30071
Hamilton/Avnet
5825D PeachTree Corners E.
Norcross, GA 30082

Winois

Arrow Electronics
2000 Algonguin Road
Schaumburg, 1L 60195
Hall-Mark Electronics
1177 Industrial Drive
Bensenville, IL 60108
Hamilton/Avnet

1130 Thorndale Avenue
Bensenville, IL 60106

Indiana

Arrow Electronics
2718 Rand Road
Indianapolis, IN 46241
Hamilton/Avnet

485 North Grandle Drive
Camel, IN 46032

lowa

Arrow Electronics

375 Collins Road East
Cedar Rapids, lowa 52402

Kansas

Hall-Mark Electronics
10815 Lakeview Drive
Lenexa, KS 66213
Hamilton/Avnet

9219 Quivira Road
QOverland Park, KS 66215

Maryland

Arrow Electronics

4801 Bendson Avenue
Baltimore, MO 31227
Hall-Mark Electronics
10240 Old Columbia Road
Columbia, MD 21046
Hamilton/Avnet

6812 Oak Hall Lane
Columbia, MD 21045

Massachusetts
Arrow Electronics
Arrow Drive

Waburn, MA 01801
Hall-Mark Electronics
8H Henshaw Street
Woburn, MA 01801
Hamilton/Avnet

50 Tower Office Park
Woburn, MA 01801

Michigan

Arrow Electronics
3810 Varsity Drive
Ann Arbor, MI 48104

(404) 449-8252

(404) 447-8000

(404) 447-7500

(312} 387-3440

1312) 860-3800

(312} 880-7780

(317) 243-9353

(317) 8449333

(319) 3957230

(913} 291-5350

(913) 641-7922

(301) 247-5200

(301) 988-9800

{301) 995-3526

{617} 933-8130

(617) 935-9777

(617} 273-7500

(313) 971-8220

3510 Roger Chaffee Mem. BI.

Southeast

Grand Rapids, MI 49508
Hamilton/Avnet

32487 Schoolcraft Road
Livonia, M 48150

Minnesota

Arrow Electronics

5230 73rd Street

Edina, MN 55435
Hall-Mark Electronics
7838 12th Avenue South
Bloomington, MN 55420
Hamilton/Avnet

10300 Bren Road East
Minneapolis MN 55343
Missouri

Arrow Electronics

2380 Schuetz Road

St. Louis, Missouri 63146
Hall-Mark Electronics
2662 Metro Blvd.
Maryland Hts,, MO 63043
Hamilton/Avnet

13743 Shoreline Court East
Earth City, MO 63045

New Hampshire
Arrow Electronics

1 Perimeter Road
Manchester, NH 03103

New Jersey

Arrow Electronics
6000 Lincoln Drive East
Martton, NJ 08053

2 Industrial Road
Fairfield, NJ 07006
Hall-Mark Electronics
107 Fairfield Road
Fairfield, NJ 07006
2097 Springdale Road
Cherry Hill, NJ 08003
Hamilton/Avnet

1 Keystone Avenue
Bldg. #36

Cherry Hill, NJ 08003
19 Industrial Road
Fairfield, NJ 07006

New Mexico

Arrow Electronics
2480 Alamo Ave. S.E.
Albuguerque, NM 87106
Hamilton/Avnet

2524 Baylor SE
Albuguerque, NM 87106

New York

Arrow Electronics
20 Oser Avenue
Hauppauge, NY 11768
3000 S. Winton Road
Rochester, NY 14623
7705 Maltlage Drive
Liverpool, NY 13088

{616) 243-0912

(313) 522-4700

{612) 830-1800

(612) 854-3223

(612) 941-3801

(314) 567-6888

(314) 2915350

(314) 3441200

(603) 668-6368

(609) 595-8000

{201) 575-5300

(201} 6754415

(609) 4247300

(609) 424-0100

(201) 575-3330

(505) 243-4566

(505) 785-1500

{516} 231-1000

{716} 2750300

(315) 6521000
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HallMark Electronics
Building #4, Unit 1A2
One Conac Loop
Ronkonkoma, NY 11779
Hamilton/Avnet

16 Corporate Circle

East Syracuse, NY 13057
933 Mator Parkway
Hauppauge, NY 11788

North Carolina

Arrow Electronics
5240 Greens Dairy Road
Raleigh, NC 27604

938 Burke Street
Winston-Salem, NC 27101
Hall-Mark Electronics
5237 North Boulevard
Raleigh, NC 27604
Hamitton/Avnet

3501 Spring Forest Road
Raleigh, NC 27604

Ohio

Arrow Electronics
6238 Cochran Road
Solon, OH 44139

7620 McEwen Road
Centerville, OH 45459
HallMark Electronics
4460 Lake Forest Drive
Suite 202

Cincinnati, OH 45242
5821 Harper Road
Solon, OH 46133

6130 Sunbury Road, Suite B
Westerville, OH 43081
Hamilton/Avnet

4588 Emery Industrial Pkwy
Cleveland, OH 44128
954 Senate Drive
Dayton, OH 45459

Oklahoma

Arraw Electronics

4719 South Memorial Drive
Tulsa, 0K 74135
HallMark Electronics
5460 S. 103 E. Avenue
Tulsa, OK 74145

Oregon
Hamilten/Avnet

6024 SW Jean Road
Bldg. C, Suite 10

Lake Oswego, OR 97034

Pennsylvania

Arrow Electronics
650 Seco Road
Monroeville, PA 15148

Texas

Arrow Electronics
10125 Metropolitan Drive
Austin, TX 78758

13715 Gamma Road
Dallas, TX 75234

{5161 737-0600

1315] 437-2601

(516} 231-9800

1819) 876-3132

1819) 7258711

(919) 8720712

(919) 8780810

{216} 248-3990

{513) 435-5663

(513) 563-5980

(216) 3434632

(614] 981-4555

{216} 831-3500

1513) 4330610

(918) 665-7700

1918) 665-3200

(503) 635-8157

(412) 856-7000

(512) 8354180

(214) 386-7500

10899 Kinghurst Drive
Suite 100

Houston, TX 77038
HallMark Electronics
11333 Pagemill Road
Daflas, TX 75243

12211 Technology Blvd.
Austin, TX 78759

8000 Westglen
Houston, TX 77083
Hamitton/Avnet

8750 Westpark Drive
Houston, TX 77063
2111 West Walnut Hill Lane
Dallas, TX 75240

2401 Rutland Drive
Austin, TX 78758

Utsh

Asrow Electronics

4980 Amelia Earhart Drive
Salt Lake City, UT 84118
Hamilton/Avnet

1585 West 2100 South
Salt Lake City, UT 84118
Virginia

Asrow Electronics

8002 Discovery Drive
Richmond, VA 23288

Washington

Arrow Electronics
14320 NE 21st Street
Bellevue, WA 38007
Hamilton/Avnet
14212 NE 21st Street
Bellevue, WA 98007

Wisconsin

Arrow Electronics
Meridian Building
2984 Triverton Pike
Madison, WI 53711
430 W. Rawson Avenue
Oak Creek, Wi 53154
Hall-Mark Electronics
9667 S. 20th Street
Oak Creek, WI 53154
Hamilton/Avnet

2975 Noorland Road
New Berfin, WI 53151

Canada
Hamilton/Avnet

6845 Rexwood Road, Units 3-5
Mississaugua, Ontario
Canada, L4V 1R2

210 Colonnade Road
Nepean, Ontario
Canada, K2E 715

2670 Sabourin Street
St. Laurent, Montreal
Quebec, Can. H4S 1M2

(113} 530-4700

214) 31-147
(512) 988-9800

(713) 7816100

{713) 7801771

1214) 659-4100

(512) 837-8911

{801} 539-1135

(801) 972-2800

(804) 282:0413

(206} 642-4800

(206) 643-3950

(608} 273-4977

(414) 273-4977

(414} 761-3000

(414) 7844510

1416) 6777432

(613) 226-1700

(514) 331-6443
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Application Notes

TP-1 “Multiplier-Accumulator Application
Notes” by L Schirm IV.

Covers the use of multiplier-
accumulators including an explanation
of the clock, input and output controls.
Other discussions include: larger word
accumulations, multiplication plus a
constant, operation with
microprocessors, digital filters and
complex multiplication.

TP-2 “Monolithic Bipolar Circuits for Video
Speed Data Conversion” by W. Bucklen.
Describes the ‘‘flash’® A/D converter,
TDC1007J, and the TDC1016J, D/A
converter. Also included are
approaches for extending the
performance of the TDC1007J.

TP-4 "Digital Signal Processing for Radar
Systems” by W. Finn.

Describes how VLSI multipliers and
multiplier-accumulators can be used in
a radar signal processor to achieve data
rate reduction, by means of predictive
mechanization; pulse compression,
utilizing an FIR matched filter;
maximum computational capabilities,
via pipelining; and high-speed
convolution, using 2-point DFTs and a
complete FFT processor. '

TP-5 “An LS! Approach to Digital Signal
Processing Enhances Telemetry Systems™ by
W. Finn.

All aspects of Telemetry have one thing
in common: an increasing need for
high-speed digital signal processing.
The impact of large scale integrated
(LSI) circuitry on telemetry systems is
a topic of increasing importance.
Dependency of real-time digital signal
processors on LSI circuitry is largely
due to the advantages they afford:
smaller size, faster speed, lower power
consumption, more reliability and less
cost. These advantages are over and
above those which can be achieved by
SSI, MIS, or even analog circuitry.

TP-6 “Introduction to the Z-Transform and its
Derivation” by R. Karwoski.

A tutorial discussion of LaPlace and
Z-transforms and their use in sampled
data systems. Application of the
Z-transform to filter synthesis is also
treated.

TP-7A “Hardware Development for a General
Purpose Digital Filter Computing Machine” by
R. Karwoski.

This paper describes the hardware for a
flexible, fast, digital filter computing
machine that can be easily
programmed. Emphasis is on real-time
signal processing, particularly in the
area of digital filtering.

TP-8 “Second Order Recursive Digital Filter
Design with the TRW Multiplier-Accumulators”
by R. Karwoski.

Develops the fundamental concepts for
second-grder recursive digital filters
and describes some efficient hardware
implementations using the TDC1010J
multiplier-accumulator.

TP-9 "A Four-Cycle Butterfly Arithmetic
Architecture” by B. Karwoski.

Explains the background of the FFT
and the computational element called
the butterfly. A block diagram of the
FFT processor is presented and the
DAU (Data Arithmetic Unit)
architecture is described in detail. The
text’s description of the four FFT
instructions is supplemented by
computational diagram, block diagrams,
a data flowchart and a timing diagram.

TP-10 “An Introduction to Digital Spectrum
Analysis Including a High-Speed FFT Processor
Design” by R. Karwoski.

Develops the DFT using well-known
continuous Fourier Transform and
series concepts. Common spectrum
analysis terms are defined with respect
to the DFT, and the decimation in time
FFT is derived in detail. Describes the
design of a high-speed FFT processor,
particularly the architecture and address
generation. Also included is an
explanation of the use of bit-slice
microprocessors as FFT sequencers.

TP-16 “An LSI Digital Signal Processor for
Airborne Applications” by L. Schirm V.
Discusses the background of digital
signal processing with emphasis on
radar processors. Described is a digital
signal processing board, employing a
multiplier-accumulator IC, which
includes the basic processor, address
generators, controller and system
interface.
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TP-17 “Correlation—A Powerful Technique for
Digital Signal Processing” by J. Eldon.
Correlation techniques find use in
communications, instrumentation,
computers, telemetry, sonar, radar,
medical, and other signal processing
systems. Electronic systems that
perform correlation have been around
for years, but they have been bulky and
inefficient. The development of a new
VLSI chip from TRW LSI Products has
changed this; now correlation can be
performed efficiently with a minimum
number of components.

TP-18 “LSI Multipliers Application Notes.”
Describes larger and smaller word
multiplication, higher speed
multiplication and division using
multiplication.

TP-19 “Non-Linear AID Conversion” by B.
Friend.

Describes the quantization process
necessary to produce a non-linear
transfer function. TRW LSI Products
offers A/D converters which can be
used in place of more expensive or
impractical methods to achieve this
result with a minimum of cost and
effort.

A discussion of a typical TRW A/D
converter includes information on the
internal circuitry of the device and
provides diagrams of circuit
modifications to use with the A/D .
converter to improve performance.

TP-22 “A Guide to the Use of the TDC1028; .
a Digital Filter Building Block” by F. Williams.
Discusses word and length sizing of
Finite Impulse Response (FIR) digital
filters, and implementation of filters
with different lengths and word sizes.
A circuit to autoload coefficients in
stand-alone applications is also
provided.

TP-23 “A 22-Bit Floating Point Registered
Arithmetic Logic Unit” by J. Eldon.
Introduces the TDC1022, a registered
arithmetic logic unit (RALU), built
with TRW’s dual layer metal, one
micron bipolar ]process

(OMICRON-B ™), Emphasis is on
RALU architecture, and the instruction
microcode. Block diagrams and ALU
function control chart are provided.

TP-24 "A Single Board Floating Point Signal
Processor” by G. Winter and B. Yamashita.
Floating point arithmetic offers many
advantages to the field of digital signal
processing (DSP). This article describes
the realization of a Finite Impulse
Response (FIR) filter using a family of
floating point devices; the TDC1022
Floating Point Adder, the TDC1033
Floating Point Registered ALU, and the
TDC1042 Floating Point Multiplier.

TP-25 “Floating Point Hardware for Digital
Signal Processing” by J. Haight.

Recent advances in VLSI circuitry
make high-speed digital signal
processing (DSP) with wide dynamic
range possible without significant
penalties in cost or hardware overhead.
The architectures of the TDC1022,
TDC1033 and TDC1042 are discussed,
as well as their applications in some
designs.

TP-26 “Floating Point, the Second Generation
for Digital Signal Processing” by J. Haight.
High-speed digital signal processing
(DSP) has recently progressed to a
widely used real or near real-time field.
Today, a new generation of 22-bit
floating point integrated circuits
(TDC1022, TDC1033 and TDC1042)
makes it possible to build circuitry to
handle signals with wide dynamic range
at high speeds and reasonable cost.
This article discusses the architecture of
these ICs and the motivations behind
them.

TP-27 “Components For Instruments That
Employ Digital Signal Processing Techniques”
by D. Watson.

Applications of fast analog-to-digital
(A/D) converters are expanding into the
measurement and analytical instrument
marketplace. This article discusses A/D
converters as they are used in digital
instruments, reviews ‘‘flash’’ A/D
technology, and presents future
directions of A/D design.

TP-28 “A Foating Paint ALU for Digital
Signal Processing” by R. Sierra and G. Covert.
Discusses applications of the TRW LSI
TDC1022, Floating Point Arithmetic
Unit. The architecture of the TDC1022
is discussed, together with several
application examples in the areas of
filtering and spectrum analysis.



TP-29 “The Use of Floating Point Arithmetic
in Digital Filters and Equalizers” by

F. Williams.

Digital Audio, a high-performance
technology, has undergone rapid
growth during the last few years. This
article describes TRW LSI floating
point processors and how they are used
in digital audio systems to provide
noise control, accurate response
control, and maintenance of effective
SNR. Frequency response high and low
filter graphs are provided.

Article Reprints

R-1 “‘Packing a Signal Processor onto
a Single Digital Board,’’ by L. Schirm
1V, Electronics, December 20, 1979.

Discusses general applications of
multiplier-accumulators and the design
of a single-board FFT processor.

R-2  “*Microprocessor Compatible
Recursive Digital Filters,”” by Ford,
Youseff-Digaleh and Current (UC
Davis); Proceedings of the IEEE, April
1979.

Describes the implementation of
recursive digital filters through time-
shared use of a single multiplier-
accumulator.

R-3 “‘A Radix-4 FFT Processor for
Application in a 60-Channel
Transmultiplexer Using TTL
Technology,”’ by Roste, Haaberg and
Ramstad; IEEE Transactions on Acoustics,
Speech and Signal Processing; Vol.
ASSP-27, No. 6, December 1979.

Presents a hardware solution for the
two 128-point DFT processors with a
transform time of 125y sec needed in
a 60-channel transmultiplexer for
conversion between FDM and TDM
signals.

“‘Design of a 24-Channel
Transmultiplexer,’”’” by M. Narashima;
IEEE Transactions on Acoustics, Speech and
Signal Processing; Vol. ASSP-27, No. 6,
December 1979.

Discusses the design of a
transmultiplexer capable of performing
the bilateral conversion between 1544
kbits/sec digital signal and two analog
group signals.

Note: Both articles are included in the
same reprint.

R-4 ‘“‘Television Gathers Speed On its
Way from A to D,”’ Broadcast
Communications, September 1979.

Explains the ways in which the TV
broadcast studio is evolving towards
digital implementations. Discusses the
advantages of the digital vs the analog
approach.

R-5 “‘Get to know the FFT and take
advantage of speedy LSI building
blocks,”” by L. Schirm IV; Electronic
Design, April 26, 1979.

Explains the use of the FFT (Fast
Fourier Transform) and how to
implement an FFT processor board
using a multiplier-accumulator.

R-6 “‘On the Use of Windows for
Harmonic Analysis with the Discrete
Fourier Transform,”’ by F. Harris,
Proceedings of the IEEE, January 1978.

A comprehensive discussion of data
windows and their effect on the
spectrum analysis problem. Key
parameters are identified, and window
options are compared. Applications are
discussed in detail.

R-7 “‘Floating-point chips carve out
FFT systems,‘* by J. Eldon and G.
Winter; Electronic Design, August 4,
1983.

Describes the implementation of real-
time signal processing using a set of
three floating point ICs: the TDC1033,
an arithmetic logic unit with registers;
the TDC1042, a floating point
multiplier; and the TDC1022, a floating
point arithmetic unit.
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R-8 “‘Quantization Effects on
Differential Phase and Gain
Measurements,”’ by F. Williams and R.
Olsen; SMPTE Journal, November, 1982.

Discusses absolute performance
standards as a means of characterizing
television systems. Equations are
provided which are used to obtain
Differential Phase and Differential Gain
limits for use in the evaluation and
diagnosis of television equipment.

R-9 ‘‘High speed FIFO memory:
theory and applications,”” by E.
Chocheles and R. Sierra, Electronic
Products, March 28, 1983.

A comprehensive study of the
TDC1030, a First-In First-Out (FIFO)
memory buffer (fixed or variable-length
storage) used in data transfer elements.
Extensive timing analysis is covered in
the article.

R-10 “‘One-chip DAC delivers
composite video signal,”” by R.
Castleberry and C. Robertson; Electronic
Design, September 1, 1983.

Describes the TDC1018, a low-cost,
digital-to-analog converter that delivers
a composite video signal, capable of
driving high-resolution graphics
displays. Device architecture and
performance specifications are included.

R-11 “‘Single-chip Flash A/D
Converters With Evaluation Boards,”’
by J. Eldon and R. Olsen; Proceedings
IEEE 1982 Region 6 Conference.

Describes TRW LSI Products’ A/D
Converters and optional evaluation

boards. The boards may be used to
evaluate the ICs, or as models for

individual circuit design effects.

R-12  “‘6-bit a-d chip steps up the pace
of signal processing,”’ by J. Muramatsu
and R. Olsen; Electronic Design,
September 16, 1982.

Describes the TRW LSI TDC1029, a
6-bit analog-to-digital converter that
samples broadband signals at 100
MegaSamples Per Second (MSPS).
This device increases the real-time
performance of military, medical and
industrial systems.

R-13 “‘Video-speed filtering gets its
own digital IC,”” by F. Williams;
Electronics, October 20, 1983.

Describes the TRW LSI TDC1028, a
single-chip filter that is paving the way
to video-speed fixed and adaptive filter
implementations in design processes.

R-14 “‘One-Micron VLSI Chips for
Military Systems,”’ by J. Eldon, M.
Gagnon and F. Williams; Defense
Electronics, November 1983.

Describes TRW’s one-micron VLSI
chips and their applications for military
systems. The article also discusses the
bipolar 3-D process used in fabricating
the devices, VLSI reliability, and other
topics related to implementation of
these chips.

R-15 *“‘Using high speed multipliers
for real time signal processing,’’ by
R. Sierra; Electronic Products, February
7, 1984.

Complex signal processing can now be
implemented with the precision and
accuracy of digital arithmetic logic
components. This article describes
TRW LSI Multipliers and their
usefulness in filtering and spectrum
analysis.

R-16 ‘‘CMOS comes to high speed
digital signal processing,”’ by
J. Haight.

Discusses the possibilities for CMOS:
as geometries continue to shrink, the
improved performance and reduced
power of CMOS make possible a much
greater number of devices on a chip.
This opens up many exciting
possibilities in the digital signal
processing market.

The Application Notes and Article
Reprints listed above are available upon
request from TRW LSI Products.
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