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

Preliminary Information describes products that are not in full 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.

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

Life Support Policy

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

©Copyright TRW Inc. 1990. All rights reserved. TRW is the name and mark of TRW Inc.
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Alphanumeric Product Index

Numerical Order Databook Page Number
MPY012H Multiplier, 12X 12 Bit, 11508 w.ecorieeeirceienecsnrrecnreeesnrsenseenos

MPY016K Multiplier, 16 x 16 Bit, 40ns ...
MPYT12K  MUItipier, 12 X 12 Bit, BONS .ot
TAC1020  A/D, T0-Bit, 20MSPS ..ottt st A19
TACI025  A/D, 10-Bit, 25MISES vovorereeeseeeeseeres e esseseesseeessseeesssseesses ettt A19
TDC100T  A/D, 8-Bit, A00NS ..ot A3
TDCT002  A/D, 8-Bil, TIS oottt b A13
TDC1005  Shift Register, 64 X 2, 25MHZ ...t K3
TDC1006  Shift Register, 256 X 1, 25IMHZ ..o e K9
TDC1007  A/D, 8-Bit, 20MSPS ..o.vverrmvecricsrceeisereeeeiinene . A15
TDC1011  Programmable Digital Delay, 3-18 x 8 Bit, T8MHZ ...oooiiiiii s K15
TBCI0I2  D/A, 12-Bit, 20IVISPS oottt bbb B23
TDCI014  A/D, B-Bit, 25MSPS .....cvovoeiiieesierecsirereesseeeessssseee s sest s st e A17

TDC1016  D/A, T0-Bit, 20MSPS ..ot B41
TDC1018  D/A, 8-Bit, 200Msps ...
TDC1020  A/D, 10-Bit, 20Msps ...

TDC1021  A/D, 4-Bit, 25Msps .. . A49
TDC1023 B4 X1 Bit, T7TMHZ oot G3
TDC1025  A/D, 8-Bit, BOMSPS ooooiiiiiiiriciiiieceie e A51
TDC1028 Digital FIR Filter, 4 x4 x 8, TOMHZz w..oooooiiiiiiriicirccvne e ... H3

TDC1029  A/D, B-Bit, T00MSPS w.ooovoreireceoeeoreosesesesscceeseonsssssssses oo .. A67
TDC1030  FIFO, 64 x 9 Bit, 15MHz .. .
TDC1038  DIA, 4-Bit, 200MISES w.eoveevorrreeeressseeseossscceseseseeeseseese e ceseseeseseoseeesseeesse st eeeese oo oo B63
TDC1035  Peak Digitizer, 8-Bit, BONS ...oiiivoriiieieiss s ... A17
TDC1038  A/D, 8-Bit, 20MSPS w.covvooereoeeeeereee s seeseseessesseseesecssessees e eessseee e sesses oo

TDC1041  D/A, 10-Bit, 20Msps
TDC1044  A/D, 4-Bit, 25Msps .
TDC1086  AID, B-Bit, 25IMISPS ...occovvrereeeeesceseccceermesesessecseeseseteeseseseseceeesessesreee s eseesoe e reeseee oo
TDC1087  AID, 7-Bit, 20MSPS ..oovveeeeeveeeeseeeeeeseceeoseeseeseseseesseeeseseeesss s erseoeseseee e eesseees e oeere s
TDC1048  A/D, 8-Bit, 20MSPS ..oovoeveeereseeeeeesseesecresseseseeesseseeseses s seeee s eessee st oot
TDC1049  A/D, 9-Bit, 3OMSDS .ooocceoereeeeeessee oo oo ceesae e essressesessse oo
TDC1058  A/D, 8-Bit, 20Msps .....
TDC1112  D/A, 12-Bit, 50Msps ...
TDC1141  D/A, 10-Bit, 50Msps ...
TDC1147  A/D, 7-Bit, 15Msps

TDC1318  D/A, 8-Bit, 200MSPS, THPIE .ovoouiieeeriiiieeceeisse et ests st st B119
TDC1334  D/A.4-Bit, 200Msps, Triple .......... B131
TDC4169  Precision Voltage Reference, 3pPM/OC ... C3
TDC4611  \Voltage Reference & Amplifier ............. . C23
TDC4614 \Voltage Reference and Quad AMPHTIET ..o ca
THC1068  A/D, 8-Bit, 25IMSDS ...oouiieeiiiriieiieiiieeeiiieeci sttt et
THC1069  A/D, 9-Bit, 37MISPS .o

THC1070  A/D, 10-Bit, 25Msps ...
THC1200  A/D, 12-Bit, BIMISDS ..ooooiveeirierecieieeisiesceseiisse s st
THC120T  A/D, 12-Bit, TOMSDS ...ooooioeoicieeceii ettt st e
THC1202  A/D, 12-Bit, TOMSDS ...ooouiiiorioriirieiises st ses st
THCA4231  Amplifier, Current Feedback, TB5MHZ ..o c11
THCA940  Track/HOIA, TBNS, 0190 ooouivoreiieriireicirniiseeeeisesss sttt C59
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Alphanumeric Product Index

Numerical Order Databook Page Number

TMC0171  RAMDAC, 6-Bit, 40Msps, Triple, W/LUT ..o B3
TMC0176  RAMDAC-Bit, 80Msps, Triple, w/LUT
TMC0458  RAMDAC-Bit, 200Msps, Triple, w/LUT
TMCT061  A/D, T0-BIt, TBUS oot
TMCI175  A/D, B-Bit, B0MSPS oo e

TMC1241  AID, 12-Bit 4 SigN, 13BUS oo
TMC12441  A/D, 12-Bit 4 SIgN, T3BIUS oot
TMC12451 A/D 12-Rit & Sign 7 7us |

TMC1251  A/D, 12-Bit + Sign, 7.7us

TMC2009  Multiplier-Accumulator, 12 X 12 Bit, T3NS ..o e 139
TMC2011  Programmable Digital Delay, 3-18 X 8 Bit, 40MHZ ..oo.oviioieceis e K37
TMC2023  Correlator, 64 X 1 Bit, 30MHZ w....ooooooceces e
TMC208K  Multiplier, 8 x 8 Bit, 45ns, Two's Complement ...
TMC2111  Programmable Digital Delay, 1-16 X 8 Bit, 40MHZ ....oooiiiiiiieii s K37
TMC216H  Multiplier, 16 X 18 Bit, TABNS ..ovoivooee e 161
TMC2208  Multiplier-Accumulator, 8 X 8 Bit, A0NS .....co.oiviiivoriieicee e 175
TMC2210  Multiplier-Accumulator, 18 X 16 Bit, BENS ..o e 185
TMC2220 Correlator, 32 x 4 Bit, 20MHz ................ . G17
TMC2221  Correlator, 128 x 1 Bit, 20MHz ... .. G17
TMC2242 Half-Band Filter, 12/16-Bit, 40MHz ........ ... H15
TMC2243  Video Filter, 10 X 10 Bit, 3 Tap, 20MHZ ....ooovvoiooieeeeeeee e H29
TMC2246  Image Filter, 10 X 11 Bit, S30MHZ oooiovi e Ha3

TMC2249  Digital Mixer, 12 x 12 Bit, 30MHz
TMC2250  Matrix Multiplier/FIR Filter, 12 x 10 Bit, 9 Element, 40MHz .

.. H55

TMC2255 Convolver, 2D, 5x 5, 8-Bit, 30MHz ... H89
TMC2272  Color Space Converter, 36-Bit, 4A0MHZ ........cooovviiiireee s sss s E3
TMC2301  Image Resampling SeqUENCET, TBMHZ .....c.o.ooiviiiriie et E21
TMC2302 Image Manipulation SEQUENCET, A0MHZ .......oiviiii e EMN
TMC2310  FFT Controller/Arithmetic Unit, TK POINt, 20MHZ ....oovooiiiiceci e F3
TMC2311  Fast Cosine Transformer, 12-Bit, 15MHz

TMC2330 Coordinate Transformer, 16 x 16 Bit, 25MOPS .......coooiiiiieeeeiise s F65
TMC2340 Digital Synthesizer, Dual 16-Bit, 20MOPS ...t e D3
TMC28KU  Multiplier, 8 x 8 Bit, 45ns, Unsigned-Magnitude ..........oocureirreeieiiie s 151
TMC3032  Floating-Point Multiplier, 32-Bit, BMFLOP ... seens s J3

TMC3033  Floating-Point Adder, 32-Bit, 10MFLOP
TMC3200  Floating-Point Adder, 32-Bit, 8MFLOP

TMC3201  Floating-Point Multiplier, 32-Bit, BMFLOP ......o.coiiiiieeee s J17
TMC3202  1750A Floating-Point Accelerator, 32-Bit, BMFLOP ........coooviiiiriiiire e ceienreesessnsnceenes J39
TMC3210  Floating-Point Divider, 32-Bit, 2Z.5MFLOP ..o st J57
TMC3211  Integer Divider, 32 x 16 Bit, 20MQPS ........ ... 195
TMC3220 Register File, 32 x 8 Bit, 3 Port, 20MHZ .......oovoieieiieee e Kas
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Product Family Index

VI

A/D Converters

TDC1001 BBit, BO0NS ..ot e et e
TDC1002 BB, TS ovvoeeietee ettt R
TDC1007 BBIt, 20MSPS oot et e e
TDC1014 6-Bit, 25Msps ......

TDC1020 10-Bit, 20Msps ...

TAC1020 10-Bit, 20Msps ...

TDC1021 B-BIt, 25MISPS ovooovovcee et
TAC1025 10-Bit, 25IVISPS vvvovvveivieoeeese s
TDC1025 8-Bit, 50Msps ......

TDC1029 6-Bit, 100Msps ............

TDC1035 8-Bit, 30ns Peak Digitizer

TDC1038 8-Bit, 20Msps

TDC1044 4-Bit, 25Msps

TDC1046 6-Bit, 25Msps

TDC1047 7-Bit, 20Msps

TDC1048 8-Bit, 20Msps

TDC1049 9-Bit, 30Msps

TDC1058 8-Bit, 20Msps

TMC1061 10-Bit, 1.8pus

THC1068 8-Bit, 25Msps

THC1069 9-Bit, 37Msps
THC1070 T0-BIt, 2Z5IMSPS .ovvveiveicieie e e A223
TDC1147 T-Bit, 1BIMISPS ovvvveeeeoceeeceeee e s s bt nes A4
TMC1175 B-Bit, BOMSPS .oeeeieii ettt b st A251
THC1200 T2BIt, BIVISPS oooeeoieiiiesi et st e A253
THC1201 12-Bit, 10Msps ... . A271
THC1202 12-Bit, 10Msps ...... . . A281
TMC1241 12-Bit + Sign, 138us .. ... A305
TMCI12481  12-Bit + SION, T3BHS oot st e A337
TMCA2451  12-Bit - SN, T.7HS oot A355
TMC1251 T2-BIt A SIGN, TS vt . A319
D/A Converters )

TMCO0171 6-Bit, 40MSDS, THPIE, WILUT ..ooooieooeiee s s e B3
TMCO0176 B6-Bit, BOMSPS, THPIE, WILUT oot e B3
TMC0458 8-Bit, 200Msps, THPIE, WILUT oo B21
TDC1012 12-Bit, 20MSPS ..o .. B23
TDC1016 10-Bit, 20Msps ... . B
TDC1018 8-Bit, 200Msps ....

TDC1034 4-Bit, 200Msps

TDC1041 10-Bit, 20Msps

TDC1112 12-Bit, 50Msps

TDC1141 10-Bit, 50Msps

TDC1318 8-Bit, 200Msps, Triple .

TDC1334 4-Bit, 200Msps, Triple

TRW LSI Products Inc.
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Product Family Index

Linear Products Databook Page Number
TDC4169 Precision Voltage Reference, 3ppm/OC ... C3
THC4231 Amplifier, Current Feedback, 165MHz

TDC4611 Voltage Reference and AMPIFIBT ..o b

TDC4614 Voltage Reference and Quad AMPIfIEN ..o s ca
THC4940 TraCk/HOI, TBNS, D190 oot bt C59

Signal Synthesis
TMC2340 Digital Synthesizer Nual 1R-Rit, 20MQOPS SO PR TR D3

Imaging Products

TMC2272 Color Space Converter, 36-Bit, A0MHZ .........oo.ovoioiiicicseeeses s
TMC2301 Image Resampling Sequencer, 18MHz ... .
TMC2302 Image Manipulation SEQUENCET, 40IMHZ ..o b

Transform Products

TMC2310 FFT Controller/Arithmetic Unit, 1K PoiNt, 20MHZ ..o.oooooeeeeee e F3
TMC2311 Fast Cosine Transformer, 12-Bit, 1T5MHZ ......co.ooiiieecce et F47
TMC2330 Coordinate Transformer, 16 x 16 Bit, 2DMOPS .......ooiviiiiee e s F65
Correlators

TDC1023 B4 X1 BIt, TTIMHZ oo G3
TMC2023 B4 X1 BIt, BOMHZ oot G5
TMC2220 32X 4 Bit, 20MHZ oo e G17
TMC2221 128 X1 Bit, 20MHZ oo G17

Vector Arithmetic/Filters

TDC1028 Digital FIR Filter, 4 X 4 X 8, TOMHZ .....ovvvvivieeceee st H3
TMC2242 Half-Band Filter, 12/16-Bit, A0MHZ .....co.coiiiie et st H15
TMC2243 Video Filter, 10x 10 Bit, 3 Tap, 20MHZ «.oocoovmviie et H29
TMC2246 Image Filter, 10X 11 Bit, BOMHZ ......oooe oot e H43
TMC2249 Digital Mixer, 12 x 12 Bit, 30MHz .. e H55
TMC2250 Matrix Multiplier/FIR Filter, 12 x 10 Bit, 9 Element, 40MHz .. e H69

TMC2255 Convolver, 2D, 5 X5, 8-Bit, 30MHZ ....oovoeeeeeeeeeeeeeeeeee et H89

Fixed-Point Arithmetic

MPY012H MUIIPHEE, 12 X 12 BIt, TTBNS ..o e 13
MPY016K Multiplier, 16 x 16 Bit, 40ns ... ... 115
MPY112K Multiplier, 12 x 12 Bit, 50nS ........cc....... ... 129
TMC2009 Multiplier-Accumulator, 12 X 12 Bit, 135S ..o e 139
TMC208K  Multiplier, 8 x 8 Bit, 45ns, TWO'S COMPIEMENT ....couvvueiiiiiriieeie et s esasseeon 151
TMC216H  Multiplier, 16 x 16 Bit, 14508 ....cooovvrrvreeeerrrennne

TMC2208 Multiplier-Accumulator, 8 x 8 Bit, 40ns .......

TMC2210 Multiplier-Accumulator, 16 x 16 Bit, 65ns
TMC28KU  Multiplier, 8 x 8 Bit, 45ns, UnSigned-MagnitUte ..........cc..oveervemreeesmmneresmereeereesssesessceesinsssessssesessnseees 151
TMC3211 Integer Divider, 32 X 16 Bit, 20MOPS ..o s 195
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Product Family Index

Floating-Point Arithmetic Databook Page Number
TMC3032  Floating-Point Multiplier, 32-Bit, BMFLOP ..........oviviiirinrcnissrcne it J3
TMC3033  Floating-Point Adder, 32-Bit, 10MFLOP ...... .. J3
TMC3200  Floating-Point Adder, 32-Bit, BMFLOP ..ot st J17
TMC3201 Floating-Point Multiplier, 32-Bit, BMFLOP ........iveiiiieiee s J17
TMC3202 1750A Floating-Point Accelerator, 32-Bit, BMFLOP ..o J39
TMC3210 Floating-Point Divider, 32-Bit, 2Z.BMFLOP .......vveririercriicceiieneeiscsieisse s sestse s sessessonene J57
Memory/Storage

TDC1005 Shift REGIStEN, B4 X 2, 25MHZ ...t ssess st K3
TDC1006 Shift ReGISIEr, 258 X 1, ZBMHZ ...ooucivvvrrvirnecei et ssass sttt K9
TDC1011 Programmable Digital Delay, 3-18 X 8 Bit, T8MHZ .....ooivviciieieiee s K15
TDC1030 FIFQ, 64 x 9 Bit, 15MHz
TMC2011 Programmable Digital Delay, 3-18 X 8 Bit, 40MHZ .......ccoovomirirerircrri e K37
TMC2111 Programmable Digital Delay, 1-16 X 8 Bit, 40MHZ .....cvorvererecnce et K37
TMC3220 Register File, 32 x 8 Bit, 3 POrt, 20MHZ ...ovooiiicercs et seeneenes K45
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Standardized Military Drawings

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

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

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

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

Standardized Military Drawings

SMD Suffix ~ TRW Part Number  Description SMD Suffix ~ TRW Part Number  Description
5962-87600 OIXA  TDCI048B6V 8-Bit 20Msps A/D  5962-89446  OILX  TMC2011B2V Multi-Tap Register
0IXC  TDC1048J6V 013X TMC2011C3V
013 TDCI048C3V 02LX  TMC2111B2V
5962-877856  OIVA  TDC1046B8V 6-Bit 20Msps A/D 028 TMCZIncsv
0IVC  TDC1046J8V 5962-89715  0IXX  TMC2301G8V Image Resampler
5962-88532  0IXC  TDCI049J0V 9-Bit 30Msps A/D 02X TMC2301G8V1

01YX TMC2301L1V
02YX TMC2301L1V1

01YC TDC1049J3V
01ZA TDC1043C1V

5962-88739  010A  TMC208KBSV 8x8 Bit Multiplier 220289828 01X TDC1044B3V 4-Bit 25Msps A/D
020A  TMC208KB5VI 5962-90596 TDC1012 12-Bit 20Msps DIA
030A  TMC28KUBSV TMC2208J4V 8x8 Bit MAC
0404 TMC28KUBSVI TMC231065V FFT

596289711  OIJA  TMC2023B7V 64-BitCorrelator TMC231065V1

TMC2310L4V

02JA TMC2023B7V1
013A TMC2023C3V
023A TMC2023C3V1
01LA TMC2023B2V
02LA TMC2023B2V1

TMC2310L4V1

TRW LSI Products Inc. X
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A/D Converters I 72 L]

TRW offers a line of high performance A/D converters that addresses applications from 50kHz to
100MHz.

For video bandwidths (on the order of 10MHz), we have converters with resolutions of 4 to 10 bits and
conversion rates from 18Msps to 100Msps. We pioneered the monolithic video A/D converter in 1977,
and in 1989 received an Emmy Award for our contributions to the field of video conversion. The

current offerings are the fourth generation products of TRW’s commitment to quality video conversion.

The high-resolution high-speed area is addressed by the THC1200 family of 12-bit converters, including
the smallest available 10Msps 12-bit A/D (the THC1202) and the unique dual-range THC1200. which
provides nearly 16 bits of dynamic range at 8Msps.

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

The TDC1035 is an an innovative new product that digitizes the peak value of a pulse (as narrow as
12ns) that occurs any time during a user-defined ‘‘window’’. It is ideal for high-energy physics
instrumentation, electronic warfare, and instrumentation.

Conv RMS/RMS
Resolution Rate'?  SNR'

Product (Bits) (Msps) (dB) Package Grade 2 Notes Page
TDC1044 4 25 - B9, N9 16 Pin DIP C, Vv, SMD A103
TDC1046 6 25 33 B8 18 Pin DIP C, vV, SMD A113
TDC1029 6 100 33 B7 24 Pin CERDIP C 50MHz Input Bandwidth, ECL Interface. A67
TDC1047 7 20 39 B7 24 Pin CERDIP C Vv A121
TDC1147 7 15 36 B7 24 Pin CERDIP c Vv No Pipeline Delay. Well Suited to A241
Subranging Converter Applications.
TDC1001 8 25 - B8 18 Pin CERDIP A3 Successive Approximation Converter. A3
TDC1025 8 50 44 C1 68 Contact CC C A ECL Interface. A51
L1 68 Lead CC C A
TDC1035 8 - - B7 24 Pin CERDIP Cc Vv Peak Digitizer. Digitizes Peak Value of A77
Pulses as Narrow as 12ns.
TDC1038 8 20 45 B6, N6 28 Pin DIP C Vv Low Power Version of TDC1048. A85
R3 28 Lead PLCC C
E1 Evaluation Board C
TDC1048 8 20 45 B6, N6 28 Pin DIP C, V, SMD Industry Standard Video A/D. A131
C3 28 Contact CC C, Vv, SMD
R3 28 Lead PLCC C
E1 Evaluation Board C
TDC1058 8 20 45 B6, N6 28 Pin DIP C New Industry-Standard Video A/D. A163
R3 28 Lead PLCC C Single +5V Power Supply.
E1 Evaluation Board C TDC1048 Performance Equivalent.
THC1068 8 25 44 S7 24 Pin DIP (") Complete A/D System, with Input Amplifier, A191
E1 Evaluation Board C Reference, and Output Register.

Notes: 1. Guaranteed. See product specifications for test conditions.
2. A=High Reliability, To=—55°C to 125°C.
B =Industrial, TC: ~25°C to 85°C.
C=Commercial, Ty=0°C to 70°C.
F=Extended Temperature Range, Tp=—-55°C to 125°C.
V=MIL-STD-883 Compliant, Tp=—55°C to 125°C
SMD = Available per Standardized Military Drawing, TC: —55°C to 125°C.

3. A=High Reliability, To=—20°C to 95°C.

TRW LSI Products Inc. ' 1



A/D Converters -

Conv RMS/RMS
Resolution Rate 2  SNR'

Product (Bits) {Msps) (dB) Package Grade ? Notes Page
TMC1175 8 30 45 N2 24 Pin DIP cV Low Power CMOS Video A/D . A251
. R3 28 Lead PLCC C with Integral Track/Hold.
E1 Evaluation Board C
TDC1049 9 30 48 Jo 64 Pin DIP C, vV, SMD ECL Interface. A147
. C1 68 Contact CC C, V, SMD
G8 68 Pin PGA C Vv
E1 Evaluation Board C
THC1069 9 37 47 S5 32 Pin DIP B,V Complete A/D System, with Input Amplifier, ~ A207
E1 Evaluation Board C Reference, and Output Register.
TMC1061 10 0.56 - B3, N3 20 Pin DIP B F Monolithic CMOS Sampling A/D Converter A179
M3 20 Pin SOIC B with Integral Track/Hold.
E1 Evaluation Board c
TDC1020 10 20 55 J 64 pin DIP cVv Monolithic Video A/D, TTL Interface, A31
GO 68 Pin PGA [ +2V Input Range.
E1 Evaluation Board C
TAC1028 10 20 55 P3 Module C Low Power Replacement for MOD-1020. A19.
THC1070 10 25 54 S5 32 Pin DIP B,V Complete A/D System with Input Amplifier A223
E1 Evaluation Board C and Reference. TTL Interface. .
TAC1025 10 25 55 P3 Module C Low Power Replacement for ZAD 1025. A19
THC1200 12 8 62 S3 46 Pin DIP B,V Complete A/D System with T/H and A253
E1 Evaluation Board C Reference. High-Speed Selectable Dual Input
Range (+£0.167V and +2.5V). )
THC1201 12 10 62 S3 46 Pin DIP BV Complete A/D System with T/H and A211
E1 Evaluation Board C Reference. +1.0V Input Range.
THC1202 12 10 62 S3 40 Pin DIP B,V Low Cost Complete A/D System with T/H A287
E1 Evaluation Board c and Reference. Smallest Available at
10Msps.
TMC1241 12 +Sign 0051 - B6 28 Pin CERDIP B, F Monolithic CMOS A/D with Integral © A305
E1 Evaluation Board C Track/Hold.
TMC12441 12+Sign 0051 76.5 B6 28 Pin CERDIP B, F Specified and Tested for DSP Applications. A337
E1 Evaluation Board C
TMC1251 12 +Sign 0083 - B7 24 Pin CERDIP B, F Monolithic CMOS A/D with Integral A319
E1 Evaluation Board c Track/Hold. 8-Bit Microprocessor Interface.
TMC12451 12+Sign 0083 735 B7 24 Pin CERDIP B, F Specified and Tested for DSP Applications. A355
E1 Evaluation Board c

Notes: 1. Guaranteed. See product specifications for test conditions.
2. A=High Reliability, Tc=—55°C to 125°C.
B=Industrial, To=—25°C to 85°C.
C=Commercial, Tp=0°C to 70°C.
F=Extended Temperature Range, To=—55°C to 125°C.
V=MIL-STD-883 Compliant, To=-55°C to 125°C
SMD =Available per Standardized Military Drawing, To=—55°C to 125°C.
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TDC1001 (400ns 73w

Successive Approximation A/D Converter
8-Bit, 2.5Msps

The TRW TDC1001 analog-to-digital converter is a high-  Features

speed, 8-bit successive approximation device. This bipolar, 8-Bit Resoluti
maonolithic converter offers significant advantages in size, -Bit Hesolution

cost, and performance, as well as high reliability and e Binary Output Coding
low-power consumption. TTL Compatible

+1/2 LSB Linearity

Parallel Qutput Register

600mW Power Dissipation

Available In An 18 Pin CERDIP Package

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

Applications
The‘ TDC1001 consists of a comparator, ref'erence‘ buffer, Microprocessor Systems
8-bit D/A converter, successive approximation register, )
output register, and control circuitry. ‘ * Numerical Control Interface

e Data Acquisition Systems

Functional Block Diagram

COMP Ve Vecc Aenp  Dgnp
VREF » BUFFER
8 8 8
DAC [«—#—] SAR |——| REGISTER /—» Dy_y
* * —— BUSY
v > | > < START CONVERT
N COMPARATOR CONTROL
-< CLOCK
3
TRW LS| Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990
PO. Box 2472 FAX: (619) 455-6314 40600272 Rev. H—11/90

La Jolla, CA 92038 Printed in the US.A.
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a rxwy

Pin Assignments

Vee 1 18 CLK
SC 2 17 Vg
(MSB) D; 3 16 Viy
Dg 4 15 Agnp
Dg 5 14 comp
Dy 6 13 REF
D3 7 12 BUSY
Dy 8 11 Dg (LSB)
Dy 9 10 Dgnp

18 Pin CERDIP — B8 Package

Functional Description

General Information

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

Power

The TDC1001 operates from separate analog and digital
power supplies. Analog power (VEE) is —50VDC and
digital power Vgl is +50VDC. All power and ground
pins must be connected.

Separate decoupling for each supply is recommended.
The return for Igg, the current drawn from the VEg
supply, is AgNnD. The return for Igc, the current drawn
from the Vg supply. is DGND-

Reference

The TDC1001 accepts a nominal input reference voltage
of —0.5VDC. The voltage should be supplied by a
precision voltage reference, as the accuracy of this
voltage will have a significant effect on the overall
accuracy of the system. The reference voltage input pin
should be bypassed to Agnp as close as possible to the
device terminal.

Analog Input

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

Conversion Timing Description*

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

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

Data Outputs

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

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 VEE. A tantalum capacitor greater than
10uF is recommended for proper operation.

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.

TRW LSI Products Inc.
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7 I<wy
Package Interconnections
Signal Signal
Type Name Function Value B8 Package Pins
Power VEE Analog Supply Voltage —-5.0vDC 17
Vee Digital Supply Voltage +5.0vDC 1
AGND Analog Ground 0.0vDC 15
Dgnp Digital Ground 0.0VDC 10
Reference VRer Reference Voltage Input —-0.5vDC 13
Analog Input VIN Analog Input 0to -05V 16
Conversion Timing Description SC Start Convert Input TTL 2
BUSY Busy Flag Output TTL 12
CLK Convert Clock Input TTL 18
Outputs Dy MSB Output TTL 3
Dg TTL 4
Dg TTL 5
Dy TTL 6
D3 TTL 7
D, TTL 8
D, TTL 9
Dy LSB Output TTL "
Compensation COMP Compensation Pin >10uF 14
Figure 1. Timing Diagram
cLocK
PERIOD _’| 0 | ! | 2 | 3 | N l 5 | s | ! l 8 | ' l
INPUT
cLocK
!s_..1 ‘
L] PwH L— tPwi
START
CONVERT /_\

ANALOG \

INPUT SIGNAL STABLE

SIGNAL

‘ INPUT
L=\ smaBLE

INPUT /

|
4_‘(0 -

DATA

OUTPUT Dy_q DATA VALID (PREVIOUS CONVERSION) :l‘ign""l
| —

LSB DATA NEW DATA

OUTPUT Do LSB DATA VALID (PREVIOUS CONVERSION) bR

s

BUSY
OuTPUT _______/

TRW LSI Products Inc.
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Figure 2. Simplified Analog Input Equivalent Circuit
/—9 ¢ 7 AcND
Vin DAC OUT
/ ® —7 VEe
Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits
+Vee
Ve © * > Vee
25K 3802 T0 % 8102
115K OUTPUT )
PIN ]
INPUT o
% OUTPUT 40pF 1N3062

OUTPUT EQUIVALENT
CIRCUIT

1 [lAlAIA
i B AL B

TEST LOAD FOR DELAY
MEASUREMENTS

TRW LSI Products Inc.



TDC1001 ey

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

Supply Voltage

Ve (measured to Dgyp) 0 to +6.0V

Vg (measured to Agnp) 0 to -6.0V

Agnp ! d to Dgp! -05to + 05V
Input Voltages

CLK, SC (measured to Dgpp) -05to +55V

Vine Vm:; (i d to AGND] +0.5V to VEEV
Output

Applied voltage (measured to Dgyp) -05 to +55v?

Applied current, externally forced. -10 to +6.0mA34

Short circuit duration (single output in high state to Dgyp) 1 sec
Temperature

f"_ ing, 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 to specified range.
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
Vgc  Positive Supply Voltage 45 5.0 55 45 5.0 55 v
Veg  Negative Supply Voltage -4.75 -5.0 -525 -475 -5.0 -5.25 v
Agnp  Analog Ground Voltage (Measured to Dgyp) -0.1 0.0 +0.1 -01 0.0 +0.1
tpwL  Clock Pulse Width, LOW 20 20 ns
tpwy Clock Pulse Width, HIGH 2 20 ns
tg Start Convert, Set-Up Time 7 1 ns
tq Start Convert, Hold Time 16 16 ns
ViL Input Voltage, Logic LOW 0.8 08 v
Viy  Input Voltage, Logic HIGH 20 20 v
lo.  Output Current, Logic LOW 40 40 mA
lgy  Output Current, Logic HIGH -400 -400 UA
VRer  Reference Voltage -04 -05 -0.6 -04 -05 -08 v
Vin  Analog Input Voltage - 00 -06 00 -06 v
Ta Ambient Temperature, Still Air 0 +70 . °C
Tc Case Temperature -20 +95 °C

~J

TRW LSI Products Inc.
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Electrical characteristics within specified operating conditions

’ Temperature Range

: Standard Extended
Parameter Test Conditions Min Max Min Max Units
loc  Positive Supply Current Veg = MAX, Static L) L] mA
lgg Negative Supply Current Vgg = MAX, Tp = -20°C to +85°C -80 -80 mA
Igias  Analog Input Bias Current 10 10 MA
Irer  Reference Current VRer = NOM 25 25 LA
Rper  Total Reference Resistance 200 200 kGhms
Ry Analog Input Equivalent Resistance VRer = NOM 50 50 kOhms
Cpy  Analog Input Capacitance 10 ' 10 pF
i Input Current, Logic LOW Voo = MAX, V; = 05V -10 ~10 mA
™ Input Current, Logic HIGH Voo = MAX, V) = 24V 75 75 uA
VgL Output Voltage, Logic LOW Voo = MIN, Igp = MAX 05 05 v
Vgy  Output Voltage, Logic HIGH Voo = MIN, lgy = MAX 24 24 v
lgs  Output Short Circuit Current -25 -25 mA

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

Switching characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fs Maximum Clock Rate Voo Veg = MIN - 25 25 MHz
tc Conversion Time Voo Vee = MIN 400 400 ns
tp Digital Qutput Delay Ve, Veg = MIN 60 60 ns

Note
1. Only the faling edge of BUSY 1s tested

System performance characteristics within specified operating conditions

o ’ Temperature Range
Standard Extended

Parameter i Test Conditions Min Max Min Max Units
E;;  Linearity Error Integral, Independent Ve Vee = NOM 02 02 %
Eyg  Linearity Error Differential 02 02 %
Tog  Gain Temperature Coefficient Voo Vee = NOM +10 +10 ppm/°C
Eg Offset Voltage +7 17 mV
Tgg  Offset Temperature Coefficient Veg, Ve = NOM -10 -10 pviee
Eg Gain Error 18 20 %
Tcg  giag Temperature Coefficient Vee, Vee = NOM -10 -10 %/°C

8 TRW LS! Products Inc.
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Application

The TDC1007 is a high—speed, TTL compatible, SAR type AID
converter. The combination of very small analog signals and
high-speed digital circuitry requires careful design of
supporting analog/digital circuitry. Proper physical component
layout, trace routing, and provision for sizeable analog and
digital grounds are as important as the electrical design.

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

Proper Design Practices Include:

o 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).

TRW LSI Products Inc.

I N AL

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 Ohmsl. This will minimize the possibility of
picking up extraneous noise.

Ceramic high frequency bypass capacitors (0.001 to 0.01uF)
should be used at the input pins of Vgg, Vgg, and REF. Al
pins should be bypassed to AgNp except VeC.

A tantalum capacitor of greater than 10uF should be
connected from COMP (pin 14) to Vgg.
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TDC1001 7130w
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Figure 5. Typical Interface Circuit
>— » O +5VDC
] | ) O
LS04 BUSY Vee I I
2 1 2 = =
—| SC
10 9 10 3
u3
7 D, Dy F—»
el L] Pomo drmal
3 Dg F—>
+5V A 5
s D5 —»
—1B g1 TDC1001 6
H 0y b—> L
c. v Ul 7 Dg-D;
[] D3 |—>
D 8
-!—"_- 0 —>
CLK 15 9
INPUT >__T_z> T ® i P
CLK ppF—> .
ANALOG A a1,
INPUT /7 ) IN
15
Aghp Rer comP  VEE
& DIGITAL  ANALOG
) Bl u ) GROUND  GROUND
R1
Y <4 p 1 _|_ J,
c5 c4 =
R3 R2 ;
[ . — c6
R4 $ +_[ o %
“Full Scale Adjustment % T
- 8- O -5VDC
Parts List
Resistors
R 909 Ohms 1% 18W
R2 100 Ohms Multi-Turn Cermet Pot
R3 133 kOhms 1% 18W
R4 249 kOhms 1% 18W
Capacitors
€1,C3,C5 1W0uF 2V
C2, c4 0001 uF 50V
cs 0005 uF 50V
Integrated Circuits
Ut TDC1001J8 TRW 8-bit AID Converter
u2 7415161 TTL 4-bit Counter
U3 74LS04 TTL Hex Inverter
D1 IM113-1.22 1.22V Bandgap Voltage Reference
10 TRW LS! Products Inc.
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1001B8C STD—Tp=0°C to 70°C Commercial 18 Pin CERDIP 1001B8C
TDC1001B8A EXT—Tg=—55°C to 125°C High Reliability 18 Pin CERDIP 1001B8A

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

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

TRW LSI Products Inc. 1
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Discontinued - Use TDC1001 for New Designs

Successive Approximation
A/D Converter
8-Bit, 2.5MSPS

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

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

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

N A

Features

© §-Bit Resolution
 Binary Output Coding

® TTL Compatible

® +1/2 LSB Linearity

© Parallel Qutput Register
® G500mW Power Dissipation
® Available In 18 Lead DIP

Applications

® Microprocessor Systems
® Numerical Control Interface
® Data Acquisition Systems

Functional Block Diagram

comP Vee Vcc  Acnp  Donp
VRer > BUFFER
8 8 8
DAC f—/— SAR }|—/—>| REGISTER A—» Dy_7
f * ——— BUSY
VN ——] ConTROL START CONVERT
COMPARATOR < cLocK

TRW LSI Products Inc.
P.0. Box 2472
La Jolla, CA 92038
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TDC1007

Use TDC1048, TDC1038, TDC1058,
TMC1175 for New Designs

YA

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

The TDC1007 is an 8-bit fully parallel (flash) analog-to-
digital converter, capable of digitizing an input signal at
rates up to ZG0Misps {iviegaSampies Per Secondj. it
will operate accurately without the use of an external
sample-and-hold amplifier, with analog input signals
having frequency components up to 7MHz

A single CONVert (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 20ns. Control inputs are provided to format the
output in binary, two's complement, or inverse data
coding formats.

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

Features

¢ 8-Bit Resolution
e Conversion Rates Up To 20Msps

e Sample-And-Hold Amplifier Not Required a

* Bipolar Monglithic Construction

TTL Compatible Inputs And Qutputs -
Binary Or Two's Complement Mode

Differential Phase=1.0 Degree

Differential Gain=1.7%

Applications

o Video Systems 3x Or 4x Subcarrier, NTSC Or PAL
Radar Systems

High-Speed Multiplexed Data Acquisition

Digital Signal Processing

Functional Block Diagram

NMINV )-
NLINV
CONV >-
VN >————
Ry >
ng ..‘\(
1
(‘ /
33
b ‘z/ .
. ® $ [
. * L4
L ]
RTE\ ¢ 1 * L] T‘—)D
< y > 1
e 1 Ehcdoeh e 7 o
RO (44 b s
23 r—'\<
> &
"i: . . Dy_g _/J
° . .
[ ]
™) >
> /
RS
< m/ >
\. 3 DIFFERENTIAL
i 2 COMPARTORS (255) 15
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990
PO. Box 2472 FAX: (619) 455-6314 40G00276 Rev. F—11/30

La Jolla, CA 92038
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TDC1014
Use TDC1046 for New Designs

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

The TRW TDC1014 is a 256 MegaSample Per Second (MSPS)
full-paralle! (flash) analog-to-digital converter, capable of
converting an analog signal with full-power trequency
components up to 12MHz into 6-bit digital words. A
sample-and-hold circuit is not necessary. All digital inputs and
outputs are TTL compatible.

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

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

Features

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

e TTI Comoatible

L wuinipdaui

® 25MSPS Conversion Rate
® Selectable Output Format
® Available In 24 Lead CERDIP

Applications

® Low-Cost Video Digitizing
® Medical Imaging

 Data Acquisition

® TV Special Effects

® Video Simulators

® Radar Data Conversion

Functional Block Diagram

NMINV -
NLINV )
cONV > *
Vin > l
Ry > b
M 0—'%
1 >
!
>
& _'\(
2 >
R 63706 y
[ ] [
. o | encooer :) LATCH i} Dy-g
[ ] ®
B
RS
9 —>
>
RS
< lsa/ >
Ry
DIFFERENTIAL
Rg >— COMPARATORS 17
63

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

©TRW Inc. 1988
40600278 Rev. G-4/88
Printed in the USA.

Phone: (619) 457-1000
Telex: 697-957
TWX: 910-335-1571
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TAC1020 and TAC1025

Complete 10-Bit, 20 and 25 Msps
Analog-To-Digital Converter Boards

The TAC1020 and TAC1025 are A/D converter boards Applications
complete with voltage reference, input amplifier, track/ R
hold, timing generator, and output registers. They are * Medical Imaging Systems

High Quality Video
Data Acquisition Systems

direct replacements for the Analog Devices MOD-1020 and
offer significant performance improvements while reducing
power consumption by more than 50%. Based on TRW's :
TDC1020 10-bit flash A/D converter, the TAC1020 achieves E‘?S.t E,qg'pme”t. |

a 20 Msps (Mega samples per second) conversion rate and Igital Lommunications
the TAC1025 converts at 25 Msps. e Spectrum Analysis

The TAC1020 has the exact timing and output Pin Assi t
characteristics of the MOD-1020. The TAC1025 employs In Assignments

simple pipeline timing which results in a higher conversion Pin | Functi Pin | Functi
rate. All outputs of the TAC1020 are differential ECL 0 | function n ﬂc fon
compatible and the output format is unsigned magnitude. 1 | GND 19 | Bit8
2 | ENCODE 20 | Bit7
Features 3 | ENCODE 2 | Bit7
' 4 | GND 22 | Bite
® Direct Replacement For MOD-1020 5 | Ve 23 | Bite
¢ 10-Bit Resolution 6 | N/C(Seenote 1) 2% | Bits
o 20 Msps Conversion Rate For TAC1020 7 | N/C(Seenote1.) % | Bits
e 25 Msps Conversion Rate For TAC1025 z f\ND ;3 ::::
e Only Two Power Supplies Required: +5 And —5.2 Volts 10 A:x; 28 | Bit3
e Power Consumption Reduced By More Than 50% 1 |vee 29 |Bit3
¢ Adjustable Input Range And Offset 12 | GND 30 |Bit2
e 500 Or 1k Input Impedance :i ET?O(LSB) ;; %(M_S.B)
. I I
o Complgte With Voltage Reference And Track/Hold Stage 15 | 576 (38) 3 | Bit1(MsB)
e Bandwidth Greater Than 60MHz 16 | Bit9 34 | DR
e Differential ECL Input And Outputs 17 | Bit9 35 | GND
18 | Bit8 3 |DR

Note: 1. 215V supplies are not required with the TAC1020 and
TAC1025. For compatibility with the MOD-1020, pins 6
and 7 may be connected to +15 and -15 Volts without
damage.

19
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Functional Block Diagram, TAC1020
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Functional Block Diagram, TAC1025
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Functional Description

General Information

The TAC1020 and TAC1025 are complete Analog-to-Digital
converter boards that are based upon TRW's TDC1020
monolithic flash converter integrated circuit. A wideband
input amplifier, track/hold, voltage reference, timing and
output circuits are included on the boards to make the
TAC1020 and TAC1025 complete and very easy o use.

The TAC1020 is rated at 20 Msps and has been designed
to match the timing and output characteristics of the MOD-
1020 board. The TAC1025 achieves 25 Msps by using a
simplified pipeline data output design.

Analog Inputs

The analog input to the TAC1020 and TAC1025 has an
equivalent circuit as shown in the Functional Block
Diagram. Input impedances and voltage ranges are
selected by using combinations of the two analog inputs,
AlN1 and AjN2. A 1kQ input impedance with a 2 Volt
peak-to-peak input range is available from either AjN1 or
Ajn2. A 500€2 input impedance with a 1 Volt peak-to-peak
input range is achieved by connecting both input pins
together. These inputs may also be used to sum two
analog signals.

The GAIN potentiometer affords a +25% adjustment to the
input range. The analog input range is factory-adjusted for
.5 Volts with input signals applied to AjN1 and AjN2
simultaneously. The OFFSET adjustment is factory-
adjusted for 0.0 Volts. The OFFSET control has sufficient
adjustment range to allow the board to be used with a
unipolar input ranges of either polarity.

The on-board reference voltages for the TAC1020 and
TAC1025 are calibrated at the factory to optimize linearity.
Fixed and variable resistors are used to set voltage levels.
Changing these resistors is discouraged because AC and
DC performance will degrade.

TRW LSI Products Inc.

Encode Command

The ENCODE input to the TAC1020 and TAC1025 is
differential 10K ECL-compatible with a 100 input
impedance between ENCODE and ENCODE (pins 2 and 3).
The on-board track/hold goes into HOLD after the rising
edge of ENCODE. In the TAC1020, the on-board timing
generator then takes over the rest of the conversion cycle
and data emerges from the outputs according to the
Timing Diagram of the TAC1020.

The TAC1025 is also controlled by the rising edge of
ENCODE, but data progresses through the TAC1025 and
emerges at its outputs synchronously with respect to
ENCODE. The Timing Diagram of the TAC1025 shows the
simple pipeline data flow. There are minimum pulse width
requirements (tpywH., tPwL) for the ENCODE signal for
both TAC1020 and TAC1025.

Outputs and Timing

The outputs of the TAC1020 and TAC1025 are differential
10K ECL-compatible, capable of driving 75 to 1002 loads
connected from each data output to its complement. Data
skew between bits is held to within 5 nanoseconds. The -
output data from the TAC1020 is valid at the falling edge of
DR (pin 36). Data from the TAC1025 is synchronous with
respect to the rising edge of ENCODE.

Power and Thermal Considerations

The TAC1020 and TAC1025 operates from only two supply
voltages, +5 and —5.2 Volts. The two N/C terminals (pins 6
and 7) have no electrical connection to circuitry on the
board. These pins are used for +15 and —15 Volt power
supplies on the MOD-1020 board, but have no function on
the TAC1020 and TAC1025. They may be connected to +15
Volt power supplies but no current will be drawn from the
board.

All power and ground pins must be connected. The
TAC1020 and TAC1025 are rated for use at up to 70°C in
still air. They may be used at temperatures up to 85°C with
500 LFPM of moving air.

21
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TAC1020 and TAC1025

y 4 | { 4
Board Interconnections

Signal Signal

Type Name Function Value Pin

Power vVee +5 Volt Supply +5.0V n
VEE -5.2 Volt Supply 5.2V 5

Ground GND Ground 0.0V 1,4,8,12,13,35

Inputs AIN1 Analog Input see text 9
AIN2 Analog Input see text 10
ENCODE Convert Clock ECL 2
ENCODE Convert Clock ECL 3

Outputs DR Data Ready ECL 36
DR Data Ready ECL 34
Bit 1 MSB ECL 33
Bit1 ‘MSB ECL 32
Bit2 ECL 30
Bit2 ECL 31
Bit3 ECL 28
Bit3 ECL 29
Bit4 ECL 27
Bit4 ECL 26
Bit 5 ECL 25
Bit5 ECL 24
Bit 6 ECL 23
Bit6 ECL 2
Bit7 ECL 20
Bit7 ECL 2
Bit8 ECL 18
Bit8 ECL 19
Bit 9 ECL 16
Bit9 ECL 17
Bit 10 LSB- ECL 14
Bit 10 [SB ECL 15
NC Not Connected open 6,7

TRW LSI Products Inc.
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Figure 1. Timing Diagram, TAC1020
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AL/

Output Coding Table
[)1 oee [)10
VIN MSB LSB
>1.000V -
1.000V 1
0.998V 111111110
. L]
0.002V 1000000000
0.000V LIRERVERTE!
-0.002V 0111111110
* 0
L] L]
-0.998V 0000000001
-1.000V 0000000000

Notes: 1. .2 Volt peak-to-peak input range, A|N1 or AIN2.

2. Voltages are at code centers.

Figure 3. ENCODE Input Equivalent Circuit

10116

511K
ENCODE O >
ENCODE O >
511K
52V

%

Figure 4. Digital Output Equivalent Circuit
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v
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Absolute maximum ratings (beyond which the board may be damaged)’
Supply Voltages
vee -0.5t0 +7.0V
VEE +0.5 to -7.0V
Input Voltages
VN VINZ ceverereemmmmeesmmmeeeesmsseeessmseesssssessesssessssssssssesssns oesseesssssses st sssssessssssee esssssesess s sessssenssesessoess o sevessssssessssesessssnnssessaees Vee to VEE
ENCODE, ENCODE Vegto VEE
Digital Outputs
APPHEA VORBGEZ ... +0.5V to VEE
APPIEA CUITENT3 oo e . 50mA
Short-circuit duration (single output to GND) ... 1sec

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

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

Operating conditions'

Parameter Conditions Min Nom Max Unit
vee Positive Supply Voltage 4.75 5.0 5.25 \
VEE Negative Supply Voltage -5.0 -5.2 -55 v
VIN Analog Input Voltage Range AINT = AIN2 +0.5 v
AINT or AjN2 1.0 Vv
tPWL ENCODE Pulse Width,LOW 15 ns
tPWH ENCODE Pulse Width, HIGH 10 ns
ENCODE Signal Duty Cycle 70 %
tRT ENCODE Pulse Rise Time 5 ns
T ENCODE Pulse Fall Time 5 ns
ViL Input Voltage, Logic LOW -1.7 \
ViH Input Voltage, Logic HIGH 0.9 v
RL Output Load Resistance Line-to-Line 75 Q
TA Ambient Temperature 0 70 °C

TRW LSI Products Inc.
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Electrical characteristics'
Parameter Conditions Min Typ Max Unit
RIN Analog Input Resistance? AINT = AIN2 495 500 505 Q
AIN1 or A|N2 990 1000 1010 Q
CIN Input Capacitance ANt AIN2 15 pF
VoH Output Voltage, Logic HIGH 75Q Line-to-Line 0.9 v
VoL Output Voltage, Logic LOW 75Q Line-to-Line 17 v
TAC1020
Icc Positive Supply Current? 800 1100 mA
IEE Negative Supply Current? 750 1000 mA
Pp Power Dissipation Vee, VEE = Max 79 11.3W
TAC1025
Icc Positive Supply CurrentZ 700 800 mA
IEE Negative Supply Current? 825 900 mA
PD Power Dissipation Vce, VEE = Max 78 9.2W
Notes: 1. Unless otherwise specified, parameters are guaranteed for TA = 0°C to +70°C, V¢ = +5.0 Volts, VEE = —5.2 Volts.
2. Ta=25°C only.
3. Factory potentiometer adjustment.
Switching characteristics!
Parameter Conditions Min Typ Max Unit
tDo Data OQutput Delay Time? CLOAD =50pF 5 ns
R Digital Output Rise Time 5 ns
tF Digital Output Fall Time 5 ns
TAC1020
fs Maximum Conversion Rate Vee=VEE=Min 20 Msps
tSTO Sampling Time Offset 3 5 -7 ns
tDRH Data Ready Pulse Width 20 Msps 22 25 28 ns
TAC1025
fs Maximum Conversion Rate Vee=VEe=Min 25 Msps
tSTO Sampling Time Offset 2 25 3 ns
tDRH Data Ready Pulse Width 25 Msps 17 20 26 ns
Notes: 1. Unless otherwise specified, parameters are guaranteed for Ta = 0°C to +70°C, V¢ = +5.0 Volts, VEE =—5.2 Volts.

2. Ta=25°Conly.
3. Factory potentiometer adjustment.

TRW LS| Products Inc.
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System performance characteristics'
Parameter Conditions Min Nom Max Units
LSB LSB Weight 1V Input Range 1 mV
2V Input Range 2 mV
ELp Differential Linearity2 +.6 +1.0 LSB
ETC Linearity Tempco 5 ppm/°C
Eg Gain Error3 +2 %FS
ATC Gain Tempco 150 ppm/°C
Vos Offset Voltage3 +15 mv
TCoF Offset Tempco 100 ppm/°C
EAP Aperture Error 2 5 ps
tTR Transient Response to 1%, FS step 20 ns
tOVR Overload Recovery to.1% 2xFS step 20 ns
BW -3dB Input BW Full-Scale Input 60 MHz
-40dBc Input 70 MHz
TAC1020
SFDR Spurious Free Dynamic Range,
fg = 20 Msps?
fIN = 500kHz 64 68.9 dB
fIN = 5.0MHz 58 61.3 dB
SINAD Signal-to-Noise and Distortion
Ratio, fg = 20 Msps?
fIN = 500kHz 55 58.1 dB
fiN = 5.0MHz 50 55.7 dB
TAC1025
SFDR Spurious Free Dynamic Range,
fg = 20 Msps?
fIN = 500kHz 64 68.9 dB
fiN = 5.0MHz 53 60.7 dB
fIN = 10MHz 49 53.2 dB
SINAD Signal-to-Noise and Distortion
Ratio, fg = 20 Msps2
fIN = 500kHz 55 58.2 dB
fIN = 5.0MHz 51 55.4 dB
fiN = 10MHz 46 49.1 dB
Notes: 1. Unless otherwise specified, parameters are guaranteed for Tp = 0°C to +70°C, V¢ = +5.0 Volts, VEE =—5.2 Volts.

2. Ta=25°Conly.
3. Factory potentiometer adjustment.

TRW LS| Products Inc.
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Figure 5. Mechanical Configuration
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Ordering Information
Product Number Description Order Number
TAC1020P3C 20 Msps A/D Converter Board TAC1020P3C
TAC1025P3C 25 Msps A/D Converter Board TAC1025P3C

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

Life Support Policy

TRW LSI Products Inc. components are nct designed for use in life support applications, wherein a failure or malfunction of the component can reasonably be expected
to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of such use and indemnifies TRW LSI Products
Inc. and TRW Inc. against all damages.

TRW LSI Products Inc. 29
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High-Speed Monolithic A/D Features
Converter ¢ 10-Bit Resolution
10-Bit, 20Msps e 20Msps Conversion Rate
e QOverflow Fla
The TRW TDC1020 is a 20Msps (MegaSamole Per . S ie_And_?_ioi § Cirouit Not Reauied a
Second) full-parallel (flash) analog-to-digital converter, p. . g
capable of converting a video signal into a stream of * TTL Digital Interface

10-bit digital words. Selectable Qutput Format
All outputs of the device are TTL compatible, and will Applications

provide the conversion in unsigned magnitude, or twa's . .
complement format, and either inverted or noninverted. ° Medwal Imaging Sy;tems
An output signal indicating overflow condition is also Video Data CO”VG'S'P”
provided for added flexibility. Al digital inputs to the  Radar Data Conversion
device are TTL compatible. High-Speed Data Acquisition

Process Control

Functional Block Diagram
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Fimctional Description

General Information

The TDC1020 is a flash analog-to-digital (A/D) converter
in which each of the 1024 comparators has one input
biased at one of the transition points of the transfer
function and all of the other comparator inputs are
connected to the analog input signal. The output of the
comparator array is sometimes referred to as a
“thermometer” code as all of comparators biased at
voltages more positive than the input voltage will be off
and the rest will be on. The thermometer code from the
comparator array is encoded into an 11-bit code (10 data
bits plus an overflow bit). The format of the code that is
encoded is determined by the format controls NMINV
and NLINV so that the data presented to the output
latches is in binary, two's complement or inverted data
format.

Power and Thermal Management

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

The power dissipation decreases with increasing
temperature. TRW specifies the absolute maximum |gp
and Igg specifications in the Electrical Characteristics
Table. The worst case conditions are Vge=5.25Y,
VEg=—-55V and the case temperature equal to 0°C.
The case temperature of 0°C is, however, a transient
condition since the device immediately warms up and
decreases its power dissipation, upon power up. For
typical steady state power dissipation as a function of
ambient temperature, please see Figure 7.

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

32
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The bias voltages for the comparator. array are provided
by use of a serial chain of 1024 equal-valued resistors
across which the reference voltage is applied. Seven
equally separated mid-point adjustment taps are provided
to allow the user to optimize the integral linearity of the
device. In addition, there are sense leads on the top and
bottom of the resistor chain which allow the user to
minimize the offset and gain errors of the device. It is
recommended that the user drive Rp2, Rpg4 and Rpg
in order to obtain optimal device performance. One
method for driving the references is shown in the
Typical Interface Circuit. The reference top and
reference bottom sources must be able to source or sink
the reference current and since noise on these leads will
lead to inaccurate conversions, they should be bypassed
with a-capacitor to AgNp. There are in addition 4 more
reference taps, the use of which-is not required to obtain
0.1% integral linearity. It is recommended that these pins
be left open (no connection).

Format Control

There are two inputs provided on the TDC1020 which
control the output format of the device. When NMINV is
connected to a logic LOW, the MSB is inverted. When
NLINV is connected to a logic LOW Dy through D1g will
be inverted. By using various combinations of these
commands the user can select any of the following
output data formats: binary, inverted binary, two's
complement, inverted two's complement. The Output
Coding Table shows the output formats generated for
each of the control states.

Convert

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

TRW LSI Products Inc.
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Analog Input

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

TTL (54/74 LS) unit loads. The outputs hold the previous
data a minimum time tHQ after the rising edge of the
CONV signal. New data becomes valid after a maximum
delay time, tp.

No Connects
There are several pins labelled No Connect (NC} which

hatin ma Alantriaal aammantiae +4 s Akl Thana wieo
Havo U cicuuival LUHIGULUTE W LG UHITY. 11HEdE PHiD

should be connected to AgNp for best noise

On

Outputs
performance.
The data and overflow outputs of the TDC1020 are TTL
compatible, capable of driving four low power Schottky
TDC1020 Package Interconnections
Signal Signal
Type Name Function Value J1 Package Pins GO0 Package Pins
Power Vee Positive Supply Voltage 5.0V 13, 14, 19, 20, 40, 58 | K4, K5, L7, K8, C11, B1
VEE Negative Supply Voltage -52V 12, 15, 16, 17, 18, 21 | L3, L5, K6, L6, K7, L8
DgND Digital Ground 0.0V 10, 11, 22, 23 L2, K3, L10, K10
AgND Analog Ground 0.0V 43, 55 A10, A3
Reference Ry Reference Resistor, Top 2.0V 59 C2
Rors Overflow Sense 2.0V 57 B2
Rts Reference Resistor, Top Sense 2.0V 60 C1
Rm1 Reference Resistor, 1/8 Tap 1.5V1 54 B3
Rz Reference Resistor, 2/8 Tap 1.0v? 53 A4
Rms Reference Resistor, 3/8 Tap 05V 51 A5
Rma Reference Resistor, 4/8 Tap 0.0V!? 49 B6
Rms Reference Resistor, 5/8 Tap -05V1 47 A8
Rme Reference Resistor, 6/8 Tap —-1.0V17 45 A9
Rmz Reference Resistor, 7/8 Tap —-15V1 44 B9
Rg Reference Resistor, Bottom -2.0V 39 C10
Rgs Reference Resistor, Bottom Sense -2.0V 41 B11
Format Control | NMINV Not MSB Invert TTL 63 E2
NLINV Not LSB Invert TTL 28 J1
Convert CONV Convert TTL 36 D11
Analog Input ViN Analog Signal Input +2to —2V | 46, 48, 50, 52 B8, B7, B5, B4
Outputs OVF Overflow TTL 1 E1
OVF Overflow Complement TTL 2 F2
Dy MSB | Most Significant Bit TTL 3 F1
Dy TTL 4 G2
D3 TTL 5 G1
Dy TTL 29 H10
Dy TTL 30 H11
Dg TTL 31 G11
Note: 1. Measured values.

TRW LSI Products Inc.
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TDC1020 Package Interconnections (cont.)
Signal Signal
Type Name Function Value J1 Package Pins GO Package Pins
Outputs Dy TTL 32 F10
Dg TTL 33 Fil
Dg TTL 34 Ell
Dqg LSB Least Significant Bit TTL 35 D10
No Connects NC No Connection Open 6, 7,8, 9, 24, 25, 26, 27, H2, H1, J2, J1, K1, K2, L4,
37, 38, 42, 56, 61, 62, 64 K9, L9, K11, J10, G10, E10,
B10, A7, A6, A2, D2, D1
Output Coding Table
Binary Offset Two's Complement
True Inverted True Inverted
NMINV=1 NMINV =0 NMINV=0 NMINV =1
Input NLINV=1 NLINV=0 NLINV=1 NLINV=0
MSB —LSB (OVF) '
>>2.000V 0000000000(1) M11111111(1) 1000000000(1) o111111111(1)
2.000V 0000000000(0) 1111111111(0) 1000000000(0) 0111111111(0)
1.996V 0000000001(0) 1111111110(0) 1000000001(0) 0111111110(0)
L] L] L] L] L]
L] L] L] L] L]
L] L] L] L] L]
0.004V 0111111111(0) 1000000000(0) 1111111111(0) 0000000000(0)
0.000V 1000000000(0) 0111111111(0) 0000000000(0) 1M111111111(0)
—0.004V 1000000001(0) 0111111110(0) 0000000001(0) 1111111110(0)
L] L] L] L] L]
L] L] L] L] L]
L] L] L] L] L]
—1.996V 1111111110(0) 0000000001(0) 0111111110(0) 1000000001(0)
—2.000V 1111111111(0) 0000000000(0) 0111111111(0) 1000000000(0)
Note: Input voltages are at code centers.
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device may be damaged)
Supply Voltages
Vg (measured to Dgp) -05to +6.0V
VEE (measured to Agnp) +5.0 to -6.0V
Agnp (measured to Dgyp) —-1.0to +1.0V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp) —05to +5.5V
VN (measured to Agnp) Vee to VgV
Any reference (measured to Agyp) Ve to VggV
VRt (measured to VRp) -10to +4.4V
Output
Applied voltage measured to Dgyp 2 -05 to +5.5V
Applied current, externally forced 34 ~1.0 to +6.0mA
Short-circuit duration (single output in HIGH state to ground) 1 Second
Sense lead current —1.0 to 1.0mA
Temperature
Operating, ambient —55to +90°C
junction +175°C
Lead, soldering {10 seconds) +300°C
Storage —65 to +150°C
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.

Functional operation under any of these conditions is NOT implied.
2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as conventional current flowing into the device.

Operating conditions

36

Temperature Range
Commercial Extended

Parameter Min Nom Max Min Nom Max | Units
Vee Positive Supply Voltage 4.75 5.0 5.25 4.75 5.0 525) V
VEE Negative Power Supply Voltage -49 -52 -55 -49 -52 -55 \'
VAGND Analog Ground Voltage (measured to Dgnp) -0.1 0.0 0.1 =01 0.0 0.1 v
tPWL CONV Pulse Width, LOW 22 22 ns
tPWH CONV Pulse Width, HIGH 18 20 ns
ViL Input Voltage, Logic LOW 0.8 08 | V
VIH Input Voltage, Logic HIGH 2.0 2.0 \'
IoL Output Current, Logic LOW 4.0 4.0 mA
loH Output Current, Logic HIGH ~400 -400 pA
VRm2 Reference Tap, 1/4-Scale 0.8 1.0 12 0.8 1.0 1.2 Vv
VRM4 Reference Tap, 1/2-Scale -0.2 0.0 0.2 -0.2 0.0 0.2 Vv
VRms Reference Tap, 3/4-Scale -08 -1.0 -12 1 -08 =10 121V
VRT Most Positive Reference Voltage 18 2.0 2.2 18 2.0 22 1V
VRB Most Negative Reference Voltage -1.8 -2.0 -22 -1.8 -2.0 -22 |V
VRT—VRg  Reference Voltage Differential 3.6 4.0 44 3.6 4.0 a4 1 v

TRW LSI Products Inc.
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Operating conditions (cont.)

Temperature Range

Commercial Extended
Parameter Min Nom Max Min Nom | Max | Units
ViN  Input Voltage Range VRB +2.0 VRT VerB +2.0 VRT \
Tpn  Ambient Temperature, C-Grade 0 70
Tc Case Temperature, V-Grade —55 125
Electrical characteristics within specified operating conditions
Temperature Range
Commercial Extended
Parameter Test Conditions Min Max Min Max | Units
lec Total Positive Supply Current Vee=Veg=Max 850 850 mA
IEE Total Negative Supply Current | Vpp=Max -500 —500 mA
IgReg  Reference Current Vg1, VRg=Nom 50 50 mA
Rrer  Reference Chain Resistance VRT: VRg=Nom 80 80 Ohms
RiN Analog Input Resistance VRT. VRg=Nom, Vin=VRp 3000 2000 Ohms
CiN Analog Input Capacitance Vg1, VRg=Nom, Viy=Vgp 300 300 pF
IcB Input Constant Bias Vgg=Max 2 3 mA
i Input Current, Logic LOW Veg=Max, V|=0.5V 50 50 rA
m Input Current, Logic HIGH Voo =Max, Vj=2.4V 100 100 A
I Input Current, Maximum Vee=Max, V|=5.25V 100 100 A
VgL Output Voltage, Logic LOW Vee=Min, lg =Max 0.5 05| V
Voy  Output Voltage, Logic HIGH Vee=Min, lg = Max 24 24 v
los Short-Circuit Output Current Vee=Max, output HIGH, one pin to -35 ~-35 mA
ground, one second duration max.
G Digital Input Capacitance Tp=25°C, f=1MHz 15 15 pF
Switching characteristics within specified operating conditions
Temperature Range
Commercial Extended
Parameter Test Conditions Min Max Min Max Units
Fg Maximum Conversion Rate Vgg=Min, Vpc=Min 20 20 Msps
tstg  Sampling Time Offset Vpg=Max, Vg =Max 3 17 3 17 ns
tp Output Delay Veg=Max, Voo =Max 37 43 ns
tHo Output Hold Time Vgg=Max, Voo=Max 5 5 ns
TRW LSI Products Inc. 37
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System performance characteristics within specified operating conditions
Temperature Range
Commercial Extended
Parameter Test Conditions Typ Min Max Min Max | Units
Eyy Linearity Error, Integral Reference Taps Open +0.1 +0.2 +02 | %
“Ey Linearity Error, Integral Reference Taps Adjusted +0.05 +0.1 +01 ] %
Elp Linearity Error, Differential Reference Taps Open +0.05 +0.1 +01 ]| %
cs Code Size 5 225 5 225 % Nominal
EoT Offset Error, Top 25 - 30 | mV
Eg Offset Error, Bottom -30 =35 | mV
Tco Offset Error Tempco +10 +20 wA/°C
tTR Transient Response Full-Scale Input Step, 20 30 30 ns
Settling to +32 LSBs
BW Full-Power Bandwidth Full-Scale Input 10 5 MHz
SNR Signal-to-Noise Ratio ‘Note 1
Fin=1.0MHz 60 58 58 dB
Fin=2.0MHz 59 56 56 dB
FiN="5.0MHz 56 52 52 dB
Fin=8.0MHz 54 47 dB
Fin=10.0MHz 52 43 dB
SINAD  Signal-to-Noise And Distortion | Note 1 o .
Fin=1.0MHz 59 - 55 52 dB
FiN=2.0MHz 58 52 52 dB
Fin=5.0MHz 54 48 45 dB
Fin=8.0MHz 48 41 ‘ dB
Fin=10.0MHz 43 39 dB
THD Total Harmonic Distortion Note 1
Fin="1.0MHz - 66 -58 -53 dBe
Fin=2.0MHz —64 56 -53 dBc
FIN="5.0MHz ~58 -52 ~46 dBc
Fin="8.0MHz -50 -13 dBc
Fin=10.0MHz —44 -4 dBc
SFDR Spurious-Free Dynamic Range | Note 1
: Fin=1.0MHz 70 53 53 dB
Fin=2.0MHz 68 54 54 dB
Fin=5.0MHz 63 48 48 dB
Finy=8.0MHz 55 40 [ dB
Fin=10.0MHz 48 35 dB
Epp Aperture Error 50 ps
DP Differential Phase Fg=4x NTSC Subcarrier, 03 0.5 Degree
Reference Taps Adjusted
DG Differential Gain Fg=4 x NTSC Subcarrier, 0.8 1.0 %
Reference Taps Adjusted
Note: 1. Fg=20Msps, Reference Taps Adjusted, Vpg=Vgp=Nom, Ty=25°C.

38

TRW LSI Products Inc.



TDC1020 7wy

Typical Performance Curves

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

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

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

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

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

Typical Interface

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

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

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

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

TRW LSI Products Inc.
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Figure 5. Typical Interface Circuit
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Evaluation Board
The TDC1020E1C is a Eurocard-style printed circuit board

designed to optimize the performance of, and to aid in- .~

the evaluation of the TDC1020 A/D converter. The board
dimensions are 100mm x 160mm with a standard 64 pin
double-row DIN male connector ‘installed. A comple-
mentary 64 pin double-row DIN female connector is
included with the board. The circuitry on the board
includes reference voltage generators, wideband video
input amplifier, and a TDC1012 12-bit D/A converter
which may be used in evaluating certain parameters

of the TDC1020.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the tap is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
I/0 and clocks. The board is calibrated and tested at the
factory and is supplied complete with TDC1020 and
TDC1012 installed.

Power and Ground

Four power supply voltages are required for the
operation of the TDC1020E1C: Vgg=+5V, VEg=-5.2V,
V+ =415V and V- = —15V. All power inputs are
decoupled to a single solid ground plane. All GND pins
of the board are connected to the ground plane and it is
recommended that all GND pins be used.

Voltage Reference Generator

The TDC1020E1C has two voltage reference generator
circuits for driving the RT and RB terminals of the
TDC1020. A variable +2.0V is applied to RT from U3A
and Q2. A variable —2.0V is supplied to RB from U3B
and Q1. The GAIN potentiometer, R11, provides +10%
adjustment range to both RT and RB voltages.

Video Input Amplifier

The input amplifier of the TDC1020E1C, U4, is a
THC4231 current-feedback amplifier and has been
designed to accept a +0.5V input range and translate
that signal to the +2 to —2V range of the TDC1020.
The output of this amplifier can be monitored at the P6
SMA connector which is connected to the V| terminals
of the TDC1020 through a 470Q resistor. The OFFSET
potentiometer, R10, gives a +0.5V offset adjustment
range to the board.

42

A/D Converter Inputs

- The clock to the TDC1020, CONV, is normally brought

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

The analog signal input to the TDC1020E1C is brought
onto the board by way of the SMA connector labeled
“P3" through J9 and J10. A terminating resistor, R7, is
included on the board for terminating a 509 analog
input signal cable. Jumpers J10 and J11 permit the
analog input signal to enter the board from edge-
connector pin B28.

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

The ten data outputs of the TDC1020 are brought to
edge-connector pins B5 through B14. These pins are
located directly across the edge-connector from the
corresponding data inputs of the TDC1012 D/A converter
to simplify connection of A/D outputs to D/A inputs.

D/A Converter Inputs

The clock to the TDC1012 is normally brought onto the
board through an SMA connector labeled “P9" This
signal may also be brought onto the board from edge-
connector pin B29 by installing jumper J21. A location
for a terminating resistor, R57 is provided for clock cable
termination. ‘

D/A converter outputs are brought to SMA connectors

labeled “OUT+ P7" and “OUT— P8." Load resistors of
51.1Q are provided on the board to facilitate 509 cable
connection to the board.

Potentiometer R58 is used to adjust the reference
voltage to the TDC1012. This voltage is adjusted to
—1.0V as part of the factory test and calibration
procedure.

Removing jumper, J20, will put the TDC1012 into
feedthru (unclocked) mode. This eliminates the require-
ment for a D/A clock signal, but will degrade the fidelity
of the TDC1012 reconstruction.

TRW LSI Products Inc.
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THC4940 Track/Hold Option

The TDC1020E1C has been designed to accomodate the  The Track/Hold timing signal is configured for TTL
THCA4940 Track/Hold amplifier in the analog signal path  compatibility with the use of J2 and J8 which bias pin 2
prior to the THC4231 wideband input amplifier. To install ~ of the THC4940 to TTL threshold. J5 applies the

the THC4940 on the board jumper connections outlined  Hold/Track timing signal to pin 1 of the THC4940. The
on the Jumper Options Table should be followed. The ~ Hold/Track timing signal can be routed from SMA P2 or
TDC1020E1C can be configured to accept the analog the edge-connector.

input from either the edge-connector or the P3 SMA.

TDC1020E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1020E1C
GND A32 B32 V- (-15V) AMP 532507-2 Wire-wrap
GND A31 B31 V+ (+15V) AMP 532507-1 Solder tail
::g ::g ::g g)’: CLK INPUT Robinson-Nugent ~ RNE-64BS-W-TG30 Wire-wrap
GND A28 B28 ANALOG INPUT Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
GND A27 B27 NC Souriau 8609-264-6115-7550E1  Wire-wrap
GND  A26 B26 NC Souriau 8609-264-6114-7550E1  Solder tail
g:g :ﬁ ::i :/cA oK Souriau 8609-264-6813-7550E1  Solder tail,
GND A23 B23 NC Eg:gangle
GND A22 B22 NC
GND A21 B21 NC
GND A20 B20 NC
GND A19 B19 NC
GND A18 B18 Vgg (+5V)
GND A17 B17 NC
GND A16 B16 NC
GND A15 B15 NC
D/A Dy MSB  A14 B14 A/D D; MSB
DA D, A13 B13 A/D D,
DA D3 A12 B12 A/D Dy
DA Dy AN B11 A/D Dy
D/A D5 A10 B10 A/D Dg
D/A Dg A9 B3 A/D Dg
D/AD; A8 B8 A/DDy
D/ADg A7 Bl A/DDg
D/A Dg A6 B6 A/D Dg
DA Dyg A5 B5 A/D Dy LSB
DA Dyy A4 B4 OF
D/A Dy LSB A3 B3  A/D CONV
GND A2 B2  T/H DIGITAL INPUT
GND A1 Bl Vg (-52V)

TRW LSI Products Inc. 43



TDC1020 Ty
” | / 4
Jumper Options Table
Function SMA-Connector Edge-Connector Termination
Analog Input Signal for P3, use J9, J10 for B28, use J10, J11 R7
A/D Converter CONV for P5, use J13 for B3, use J12, J13 R25
D/A Converter CLK P9 for B29, use J21 R57
for B3, use J12, J13, J14 . R25
T/H Analog Input for P3, remove J9, J10, J11 for B28, use J9, J11 R7
T/H Timing Input for P2, use J4 for B2, use J3 J6, R1
TDC1020E1C Silkscreen Layout
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TDC1020E1C Component Side Layout
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TDC1020E1C A/D Converter Schematic Diagram
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1020J1C STD-Tp=0°C to 70°C Commercial 64 Pin Hermetic Ceramic DIP 1020J1C
TDC1020J1V EXT-Tg=-55°C to 125°C Military 64 Pin Hermetic Ceramic DIP 102041V
TDC1020G0C STD~Tp=0°C to 70°C Commercial 68 Pin PGA 1020G0C
TDC1020GoV EXT-Tp=-55°C to 125°C Military 68 Pin PGA 1020GOV
TDC1020E1C STD-TA=0°C to 70°C - Eurocard Format Board With A/D Converter TDC1020E1C

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

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

Pin Assignments
68 Pin Grid Array — GO Package}

Pin | Name | Pin | Name Pin | Name | Pin | Name
A2 | NC BS | Ruy FIo | Dy Ké | Vee
A3 AgND B10 | NC F11 Dg K5 Vee
A4 | Ryp | B11 | Rgg Gl | Dy K6 | VEE
A5 Rmis C1 R1s G2 | Dy K7 VEE
A6 | NC c2 | Ry 610 | NC K8 | Vg
A7 | NC C10 | Rg - GI1 | Dg kg | NC
A8 | Rys | C11 | Ve H1 | NC K10 | Dgnp
A9 | Ryg | D1 | NC H2 | NC K11 | NC
A10 | AgnD D2 NC H10 Dy L2 DgND
B1 VCC D10 Dm LSB H1 D5 L3 v VEE
B2 | Rgrg | D11 | CONV JI | NC L4 | NC
B3 | R El | OVF J2 |'NC L5 | Vg
B4 | Viy E2 | NMINV | J16 | NC L6 | Vgg
B5S | VN E10 | NC JITO[NUNV | L7 | Ve
B6 | Rma | EM | Dg K | NC 18 | Vg
BT | iy Fi | DyMSB| K2 | NC L9 | NC
B8 ViN F2 OVF K3 Dgnp L10 DenD
Ul | R SISISISISISISISe
0 OQOOOOOO0O0O
| e
|15 | 0
7 T [ A WY
\: :l \: :l 1 TOP 1 ::I \: ’I
sl VIEW NG
s e
1SR L0
Key 3 Vi Wathe !_______,_____,____I Ty ey
(See bottom NN T T PRAN
of package) —_ 2 [« OO OO
Tl IISISISIGIGISISIGIe)
AB CDETFGHUJK.ILL
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B
oredl | [
OVF 2 163 NMINV
Dy(MsB 3] 162 NC
D, 4[] [ 61 NC
Dy 5[] 160 Rrg
NC 6] 59 Ry
NC 7] ] 58 Vee
Ne 8] 157 Rors
NC of] 56 NC
Dgnp 10[] 155 Agnp
Deno 1101 154 Ry
Vg 1200 153 Ry,
Vee 1801 52 Viy
Vcc 14[ ] 51 RM3
Vg 1510 150 Viy
Vg 1601 149 Ry
Veg 1711 148 Vi
Vee 1810 47 Ry
Vee 1900 146 iy
Vee 201 [ 45 Ryg
Vee 210 14 Ry
‘DGND 22[ ] 43 ‘AGND
Dgnp 230 142 NC
NC 24 ] 141 Rgg
NC 25 ] 140 Ve
NC 26} 139 Ry
NC 27] 138 NC
NLINV 28] EI|37 Ne
Dy 201] 36 CONV
D5 30[] gllss Dyq (LSB)
Dg 31 3 Dy
o7 32[] 33 D 21385A

64 Pin Hermetic Ceramic DIP — J1 Package
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Use TDC1044 for New Designs AL [/

Monolithic A/D Converter
4-Bit, 25MSPS

The TRW TDC1021 is a 25 MegaSample Per Second (MSPS) Features
full-parallel (flash) analog-to—digital converter, capable of e 1 Bit Resolution
converting signals with full-power trequency components up to T Ei TEeuIEE

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

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

e TTL Compatible
® 25MSPS Conversion Rate

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

signal controls the conversion operation. The unit can be ® Selectable Output Format

connected to give either true or inverted outputs, in binary or  ® Available In 16 Lead DIP

offset two’s complement coding. ® Standard/Extended Temperature Range
Note: TRW recommends the use of the TDC1044 for new Applications

designs.

e Video Special Effects

® Radar Data Conversion

 High-Speed Multiplexed Data Acquisition
e Medical Imaging

® |mage Processing

Functional Block Diagram
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Monolithic A/D Converter Features
8-Bit, 50Msps * 8-Bit Resolution

The TRW TDC1025 is a 50Msps [MegaSample P ® 50Msps Conversion Rate
e isa sps (MegaSample Per And - .
Second) full-parallel (flash) analog-to-digital converter, Sample-And-Hold Circuit Not Required m

Differential Or Single-Fnded FCI Compatihle
Single —5.2V Power Supply
Available In 68 Contact Or Leaded Chip Carrier

ranahla A annuartine An analan cianal caith £l e
uu'.luul\.a vt uul»vuluna ui UIIUIUB \)IHIIUI vviuE tuii PUVVCI

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

Applications
The TDC1025 consists of 255 latching comparators, ) .
combining logic, and an output register. A differential ECL ® Medical Electronics

convert signal controls the conversion operation. The ® Fluid Flow Analysis
digital outputs will interface with differential or single- e Seismic Analysis
ended ECL. The device requires a single —5.2V power e Radar/Sonar

supply. e Transient Analysis

¢ High-Speed Image Processing

Functional Block Diagram
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Functional Block Diagram
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68 Contact Or Leaded Chip Carrier — C1, L1 Package
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Functional Description

General Information

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

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

Power

The TDC1025 operates from a single -5.2V power supply. The
separate analog and digital power pins, VEga and VEED, both
require -5.2V, and may be connected to the same power
supply. However, separate decoupling of the analog and digital
power pins is recommended (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 Agnp. The analog and digital
ground planes should be separated to minimize ground noise
and prevent ground loops, and connected back at the power
supply. All power and ground pins must be connected.

Name Function Value C1, L1 Package
VeeD Digital Supply Voltage -5.2V Pins 7, 29

VEEA Analog Supply Voltage -5V Pins 13, 14, 16, 18, 20, 22, 23
Denp Digital Ground 0.0v Pins 8, 28, 39, 64

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

Reference

The TDC1025 converts analog signals in the range

VRB << VN <X VRT into digital form. VRg (the voltage applied
to the pin at the bottom of the reference resistor chain} and
VRT Ithe voltage applied to the pin at the top of the reference
resistor chain) should be between +0.1V and -2.1V. VRT
should be 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, VR = -2.0V.

Two sense points, RTg and Rgs, 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
EpBs. can be eliminated by the calibration method discussed
under Calibration. The temperature sensitivity of this remaining
offset error is specified by tggs, Temperature Coefficient,
Sensed. The sense resistors, R3 and Ry (as shown in the
Functional Block Diagram) are approximately 1 kOhm. These
resistors are not designed to carry the total reference current,
and should not be used as reference inputs. If the sensed
points are not used, these pins should be left open. The circuit
in Figure 5 shows a typical sensing configuration.

TRW LSI Products Inc.

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 non-linear transfer function. The circuit shown in Figure 7
will provide approximately 1/2 LSB adjustment of the linearity
midpoint. The characteristic impedance at this node is
approximately 75 Ohms, and should be driven from a
low-impedance source. Note that any load applied to this
node will affect linearity. Noise introduced at this point, as
well as the reference inputs and sense points may degrade the
quantization process, resulting in encoding errars.

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) 0.0v Pin 62
Rrs Reference Resistor Sense (Top) Pin 63
Rm Reference Resistor (Middle) -l Pin 49
Rg Reference Resistor (Bottom) =20V Pin 41
Rgs Reference Resistor Sense (Bottom) Pin 40

Convert

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

is held valid at the output register for at least tyg, Output
Hold Time, after the rising edge of CONV. New data becomes
valid after a Digital Output Delay, tp. This permits the previous
conversion result to be acquired by external circuitry on that
rising edge, i.e. data for sample N is acquired by the external
circuitry while the TDC1025 is taking input sample N + 2.
Note that there are minimum pulse width {tpyy and tpyyH)
requirements on the waveshape of the CONV signal. (Refer to
Figure 1)

Name Function Value C1, L1 Package
CONV Convert ECL Pin 54
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
TDC1025 if it remains within the range of +0.5V to Vgga. If
the input signal is between the VRT and VRg references, the
output will be a binary number between 0 and 255,
proportional to the magnitude of the analog input. A signal
outside this range will indicate either full -scale positive or
full-scale negative, depending on whether the signal is
off-scale in the positive or negative direction. All eight analog
input pins should be connected through resistors near the chip

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

Vin Analog Signal Input

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

54
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Outputs

The outputs of the TDC1025 are both differential and
single—ended ECL compatible. The outputs should be

terminated with a 1.5 kGhm impedance into a -5.2V source to

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

Name Function Value C1, L1 Package
0 MSB Output, Complement ECL Pin 66
Dy MSB Output ECL Pin 67
D, ECL Pin 68
) ECL Pin 1
03 ECL Pin 2
Dy ECL Pin 3
0, ECL Pin 4
Dy ECL Pin 5
D5 ECL Pin 30
Dg ECL Pin 31
Dg ECL Pin 32
Dg ECL Pin 33
0 ECL Pin 34
0; ECL Pin 35
Dg LSB Output, Complement ECL Pin 36
Dg LSB Output ECL Pin 37

No Connects

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

Function

Value

C1, L1 Package

NC

No Connect

Open

Pins 6, 8, 10, 11, 12, 15, 17, 19, 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
for the standard temperature range and 125°C for the
extended temperature range. For ambient temperatures above

TRW LSI Products Inc.

45°C, 500 L.F.P.M. moving air is required for specified
performance. In addition to moving air, heat sinking is an
efficient method to optimize thermal management.
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Figure 1. Timing Diagram
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Figure 4. Output Circuits
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Figure 5. CONVert, CONVert Switching Levels
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Absolute maximum ratings (beyond which the device will be damaged) !

Supply Voltages

Veep | | to Dgnp! +05 to -7.0V

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

Agnp | i to Dgyp! +05 to -05V

VEEA ( d to VEEU) +05 to -05V
Input Voltages

CONV, CONV d to Dgnp) +05 to VggpV

ViN: VRT. VgB (measured to Agyp) +0.5 to VggaV

VRr (measured to Vpg) 0 to +25V
Output

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

Operating, ambient -55 to +125°C

junction +175°C

Lead, soldering (10 seconds) +300°C

Storage -65 to +150°C
Note

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

Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max Units
Veep Digital Supply Voltage -49 -52 -55 -49 -52 -55 v
VEEA Analog Supply Voltage -49 -52 -55 -49 -5.2 -55 v
Veea-Veep  Supply Voltage Differential -01 00 +0.1 -0.1 0.0 +0.1 v
VAGND Analog Ground Voltage (measured to Dgyp) -01 00 +0.1 -0.1 0.0 +0.1 v
tpwL CONV Pulse Width, LOW 8 8 ns
tPwH CONV Pulse Width, HIGH 12 12 ns
Vicm CONV Input Voltage, Common Mode -05 -25 -05 -25 v
Vior CONV Input Voltage, Differential 03 12 03 12 v
VRt Most Positive Reference Input -0.1 0.0 +0.1 -0.1 0.0 +0.1 v
VR Most Negative Reference Input’ -19 -20 -21 -19 -20 =21 v
VRr-VRg  Voltage Reference Differential 18 20 22 18 20 22 v
Vin Input Voltage VR VRT Vpg VRT )
Ta Ambient Temperature 0 70 °C
Te Case Temperature? 0 100 -55 +125 °C

1. Vg7 Must be more positive than Vgg, and voltage reference differential must be within specified range.
2. 500 LF.P.M. moving air required above 45°C ambient.

Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
e Supply Current Vega Vegp = MAX

Tp = 0°C to 70°C -125 mA

Tp = 70°C -575 mA

Tg = -55°C to 125°C -1000 mA

Tg = 125°C -500 mA
IREF Reference Current VRT' Vpg = NOM 10 3% 10 45 mA
Rper  Total Reference Resistance 57 200 L) 200 Ohms
RN Input Equivalent Resistance VRT. VRB = NOM, Vi = VgB 4 4 kOhms
Cin Input Capacitance 160 160 pF
Icg  Input Constant Bias Current Veea VEep = MAX, Viy = 0.0V 750 1200 uh
I Digital Input Current Veea Veep = MAX, V) = -0V 160 240 uA
Vg Output Voltage, Logic LOW Vega, VEgp = NOM, Igy = Test Load! -18 -15
VUH Output Voltage, Logic HIGH VEEA' VEED = NOM, Igy = Test Load! -0.95 -11
Cy Digital Input Capacitance Tp = 25°C, F = 1MHz 2 2 pF
Note:

1. Test Load = 1.5 kOhms to -5.2V, C = 40pF.
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Switching characteristics within specified operating conditions
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units

Fg Maximum Conversion Rate Veea Veep = MIN 50 50 MSPS

tgrg  Sampling Time Offset Veea Veep = MIN 10 10 ns

tp Digital Output Delay Vega Vgep = MIN, Load' 20 2] ns

tho _ Digitel Output Hold Time Vee, Vegp - MIN, Load! 2 2 ns a

Note:

System performance characteristics within specified operating conditions

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

Temperature Range

Standard Extended
Parameter Test Conditions Min Max Min Max Units
Ey Linearity Integral, Independent VRT. VRB = NOM 03 03 %
Elp Linearity Differential 0.3 0.3 %
a Code Size Vet VRg = NOM 15 185 15 185 % Nominal
Egr Offset Error  Top VIN = VRT +40 +45 mV
Egrg  Offset Error  Top, Sensed +10 £10 mV
Egg  Offset Eror  Bottom Vin = VR8 -40 -45 mV
Eggg  Offset Error  Bottom, Sensed +10 +15 mV
Tcos  Offset Emor  Temperature Coefficient,
Sensed 80 80 (1N
BW Bandwidth, Full Power Input 125 125 MH:z
trR Transient Response, Full Scale Input Change 10 10 ns
SNR Signal-to-Noise Ratio 20MHz Bandwidth,
50MSPS Conversion Rate
Peak SignallRMS Noise 1.25MHz Input 53 53 dB
5.34MHz Input 51 51 dB
10.0MHz Input 47 dB
12.0MHz Input 47 dB
RMS Signall/RMS Noise 1.25MHz Input L) “ dB
5.34MHz Input 1Y) 2 dB
10.0MHz Input 38 dB
12.0MHz Input 38 dB
EAP Aperture Error 40 40 ps
TRW LS| Products Inc. 59
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Figure 6. Typical Interface Schematic
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Notes for Figure 6

62

All resistor values are in Ohms.

All resistors are 1/8W unless otherwise noted.

All capacitor values are in microFarads unless otherwise noted.

All capacitors are 50WVDC unless otherwise noted.

Al diodes are 1N4148 unless otherwise noted.

R58 is a quad 220/330 Ohm terminator SIP.

Z1 is a digital delay line, 2ns per tap, 20ns total Rhombus TZB12-5.
L1 is a ferrite bead inductor, Fair-rite part number 2743001112.
Agnp pins on the TDC1025L1 are: 46, 50, 55, 58.

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

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

. VEgp pins on the TDC1025L1 are: 7, 28.

. Values for components C5, R15, R62, R65, R6G are determined during the

manufacturing process.

Component designators C32, R49, R57, R63, R64, J1 are not used on the TDC1025E1C
board. :

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

and are not included with the board.

TRW LSI Products Inc.
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Typical Interface

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

The top reference, Ry, is grounded, with the sense point, Rys,
left open. The offset error introduced at the top of the
reference chain is cancelled by the offset adjustment. The
bottom reference valtage, VRp is supplied by an amplifier, and
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
overshoot. The convert clock is delayed by approximately
5-10ns 1o latch the data at the cutput. The data sutouts are
terminated with 1.5 kOhms to -5.2V. The standard Thevenin
equivalent (220 Ohms-330 Ohms to -5.2V) is used where

additional termination is required.

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

Figure 7. Power Decoupling and Input Network
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Figure 8. Typical Reference Midpoint Adjust Circuit
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Output Coding
Binary k Offset Two's
Complement )

Step Range True Inverted True Inverted

-2.0000V FS -2.0480V FS ' All Outputs D, Dy-Dg

78431 mV Step 8.000 mV Step Inverted Inverted Inverted
000 0.0000V 0.0000V 000000000 nmmn 100000000 o
001 -0.0078V -0.0080V 000000001 111110 100000001 0111110
L L] L] L] L] L R L)
L] L] L] L] o L] L]
L] L L] L] L L] L
127 -09%61V -1.0160v 0NN 100000000 munm 000000000
12 -1.003V -1.0240V 100000000 01N 000000000 nnmm
12 -10118V -1030V — 100000001 011111110 000000001 o
L L] L] L] L] L] L]
L] L] O‘ L] L] L] L)
L L] L] L] L] L] L]
54 -18821v -20392v 1M 000000001 0111110 100000001
5 ~2.0000V -2.0400V mmm 000000000 0N 100000000
Note:

1. Voltages are code midpoints after calibration.

2. Any output may be inverted by interchanging connections to the true (Dy} and complement (ﬁﬁb output pins.

Calibration

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

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

. Diagram. Calibration will cancel all offset voltages, eliminating

offset and gain errors.

The above method of calibration requires that both ends of the

resistor chain, Ry and Rp, are driven by buffered operational

amplifiers. Instead of adjusting VRT, RT can be connected to
analog ground and the OV end of the range calibrated with a
buffer offset control. The offset error at the bottom of the
resistor chain results in a slight gain error, which can be
compensated for by varying the voltage applied to Rg. The
bottom reference is a convenient point for gain adjust that is
not in the analog signal path. These techniques are employed
in Figure 5.

TRW LSI Products Inc.
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1025C1C STD-T=0°C to 80°C Commercial 68 Contact Chip Carrier 1025C1C
TDC1025C1A EXT-Tg=-55°C to 125°C High Reliability 68 Contact Chip Carrier 1025C1A
TDC1025L1C STD-T=0°C to 80°C Commercial 68 Contact Chip Carrier 1025L1C
TDC1025L1A EXT-Tg=-55°C to 125°C High Reliability 68 Leaded Chip Carrier 1025L1A

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

Life Support Policy — TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LS| Products Inc. components in life support applications assumes all risk of

such use and indemnifies TRW LSI Products Inc. against all damages.

TRW LSI Products Inc.

65

(A_



A/D Converters Y72 </

66 TRW LSI Products Inc.



TDC1029 "-’ ""'

Monolithic A/D Converter
6-Bit, 100Msps

The TRW TDC1029 is a 100Msps (MegaSample Per 1/2 LSB Linearity

Second) fully-parallel (flash) analog-to-digital converter, e Sample-And-Hold Circuit Not Reauired
capable of converting an analog signal with full power v Ihput Range '

frequency components up to 50MHz into 6-bit digital
ey q b ’ Binary Or Two's Complement Qutput Format

words. A sample-and-hold circuit is not required. All

digital inputs and outputs are ECL compatible. 1/4, 1/2 And 3/4 Scale Reference Resistor Taps
On J6 Package

The TDC1029 consists of 63 latching comparators, e Available In A 24 Pin CERDIP

combining logic, and an output register. A differential

convert (CONV) signal controls the conversion operation.  Applications

The digital outputs are single-ended ECL with the

exception of the MSB which is differential enabling

binary or offset two's complement output format.

Transient Digitizers

Direct Digital Receivers

Radar Data Conversion

e Data Acquisition

e §-Bit Resolution ¢ Telecommunications

¢ 100Msps Conversion Rate Medical Imaging

e 50MHz Input Bandwidth High-Energy Physics Experimentation
e low Cost

Features

Functional Block Diagram
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Pin Assignments

Veen 10} 124 Ve

Rg 2[] 123 Dg(LSB)
Dano 304 122 D5

vy 4l 121 p,
A 5L 120 Dgyp
CONV  6[] 119 Vgea
conv 7] 118 Vgea
Ao 8(] 117 Dgnp
vy o[ 116 D,
Denp 1000 115 D,

Rr 110 114 D, (MSB)
Vegp 12[] 113 D, (MSB)

24 Pin CERDIP — B7 Package

Functional Description

General Information

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

Power

The TDC1029 operates from separate analog and digital
power supplies, VEEA and VEgD. Since the required
voltage for both VEga and VEpp is —5.2V, these should
ultimately be connected to the same power source, but
separate decoupling for each is recommended. A typical
decoupling network is shown in the Typical Interface
Circuit. The return path for Iggp, the current drawn
from the VEgp supply is Dgnp. The return path for
IEgA. the current drawn from the VEEA supply, is AGND-
All power and ground pins must be connected.

Thermal Design

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

68

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

Reference

The TDC1029 reference voltage is applied between Rt
and Rg. TDC1029 converts analog signals in the range
VR =V|N = VRT into digital form. The voltage applied
across the reference resistor chain (VRT-VRB) must be
between 0.9V and 1.1V. VRR (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. VR should be more positive than VRB within
that range. The nominal voltages are: VRT=—0.3V,
VRe=—1.3V. These voltages may be varied dynamically
up to 25MHz. Due to slight variations in the reference
current with changes in clock and input signals, Ry and
Rp should be low-impedance points. For circuits in which
the reference is not varied, a bypass capacitor to AGND
is recommended. If the reference inputs are varied
dynamically (as in an AGC circuit), a low-impedance
reference source is required.

Convert

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

Analog Input

The TDC1029 uses latching comparators which cause the
input impedance to vary slightly with the signal level. For
optimal performance, the source impedance driving the
device must be less than 25 Ohms. The input signal will
not damage the TDC1029 if it remains within the range
of +0.5V to 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 either full-scale positive or full-
scale negative, depending on whether the signal is off-
scale in the positive or negative direction. Both analog
input pins MUST be connected through 15 Ohm resistors
as shown in the Typical Interface Circuit.

TRW LSI Products Inc.
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Outputs

The outputs of the TDC1029 are ECL compatible. Outputs cross-wiring the MSB, i.e., interchanging D1 and D_1 The

Dy.g are single-ended, while the MSB (D1) is differ-
ential. Offset two’s complement format is available by

outputs should be terminated with a 100 Ohm (or
greater) impedance into a —2.0V source.

Package Interconnections

Signal Signal
Type Name Function Value B7 Package Pins
Power VEEA Analog Supply Voltage -52V 18,19, 24
VEED Digital Supply Voltage -5.2V 1,12
DgnD Digital Ground 0.0v 3,10, 17,20
AGND Analog Ground 0.0V 58
Reference R Reference Resistor (Top) -0.30V "
Rg Reference Resistor (Bottom) -1.30V 2
Convert CONV Convert ECL 7
CONV Convert Complement ECL 6
Analog Input VIN Analog Signal Input See Text 4,9
Outputs D MSB Output Complement ECL 13
Dy MSB Output ECL 14
D, ECL 15
D3 ECL 16
Dy ECL 21
Dg ECL 22
Dg LSB Output ECL 23
Figure 1. Timing Diagram
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N
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TDC1029 7130w
Figure 2. Simplified Analog Input Equivalent Circuit
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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 Agnp 05 to -7.0V

AGNU ( d to Dgyp) 1.0 to -1.0V

VEgp (measured to Vggp) 05 to -05V
Input Voltages

CONV, CONV { d to Dgnp) +0.5 to VggpV

VlN' VRT, VRB (measured to AGND) +0.0 10 VEEAV

Vgt (measured to Vpg) +15t0 ~1.5V
Output

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 -85 to +150°C
Note:

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

Operating conditions
L

Temperature Range
Standard

Parameter Min Nom Max Units
Veep Digital Supply Voltage -49 -52 -55 v
VEEA Analog Supply Voltage -49 -52 -55 v
Veea-Veep  Supply Voltage Differential -0.1 0.0 0.1 v
VaGhD Analog Ground Voltage (Measured to Dgpp) -0.1 0.0 0.1 v
towL CONV Pulse Width, LOW 3 4 ns
tPWH CONV Pulse Width, HIGH 5 6 ns
Vicm CONV Input Voitage, Common Mode Range (Figure 6) -05 -25 v
Vipr CONV Input Voltage, Differential (Figure 6) 04 12 v
Var Most Positive Reference Input! -0.2 -03 -04 v
Vg Most Negative Reference Input ! -12 -13 -14 v
Vgr-Vgg  Voltage Reference Differential 0.9 10 11 v
Vin Input Voltage VR VRt v
Ta Ambient Temperature? 0 70 °C

1. VRy must be more positive than Vg, and voltage reference differential must be within specified range.
2.500 LF.P.M. moving air required above 40°C.

TRW LS| Products Inc. n
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Electrical characteristics within specified operating conditions :
“

Temperature Range

Standard

Parameter Test Conditions Min Max Units
leea*leep Supply Current Veea. Veep = MAX

Tp = 0°C to 70°C -450 mA

Tp = 70°C -315 mA
IREf Reference Current Vg1 VRg = NOM 10 3 mA
RReF Total Reference Resistance 2 100 Ohm
Rin ~ Input Equivalent Resistance Vg1, VR = NOM, Vi = Vgg, Vg = MAX 6 kOhm
Cin Input Equivalent Capacitance VRt VRg = NOM, Vi = Vgg 2 pF
lcB Input Constant Bias Current Veea VEep = MAX, Viy = -0.3V 500 UA
i Input Current Veea Vegp = MAX, Vp = 0.5V 250 uh
VUL Output Voltage, Logic LOW VEEA' VEED = NOM, Test Load 1 -1.650 v
Vou Output Voltage, Logic HIGH Veea Vepp = NOM, Test Load 1 -0.950 v
C Digital Input Capacitance Tp = 25°C 15 pF

Switching characteristics within specified operating conditions
Temperature Range

: Standard
Parameter Test Conditions Min Max Units
Fs Maximum Conversion Rate Veea Vep = MIN 100 MSPS
tgrg  Sampling Time Offset Veea Veep = MIN ns
tp  Output Delay Veea. Veep = MIN, Load 1 ns
tyg  Output Hold Time Veea, Veep = MIN, Load 1 15 ns

TRW LSI Products Inc.
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System performance characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
E Linearity Error Integral, Terminal Based Vg, VRg = NOM %
Elp Linearity Error Differential + %
ol Code Size Vgt VRg = NOM 50 150 % Nominal
Egr Oftset Error  fop VIN = VRT 20 i
EDB Offset Error Bottom V'N = VRB -8 +8 mv
Tco Offset Error  Temperature Coefficient +35 UVI°C
BW Bandwidth, Full Power Input’ Fg = 100MSPS 50 MHz
R Transient Response, Full-Scale Input Change 6 ns
SNR Signal - To - Noise - Ratio 100MSPS Conversion Rate
Peak SignallRMS Noise 25MHz Input 4 dB
50MHz Input 3 dB
RMS Signal/RMS Noise 25MHz Input ] dB
50MHz Input 0 dB
Epp Aperture Error 30 ps
Notes

Output Coding '

1. Beat frequency sinusoidal reconstruction producing no errors greater then 3 LSBs, tpyy = 6ns.

2. Single frequency sinusoidal input attenuated 3dB at 1/2 sampling frequency lanti-alias prefilter].

Step Range Binary Dffset Twe'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]
N -0.7921V -0.7960V 011in mm
32 -0.8079v -0.8120v 100000 000000
33 -0.8238V -0.8280vV 100001 000001
L] L] L] L] L]
L] L] L] L] L]
L] L] . L] L]
62 -1.28841V -1.2920v 1M110 011110
63 -1.3000V -1.3080v 1mm 0mn
Note:

1. Voltages are code midpoints after calibration.

TRW LSI Products inc.
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Calibration

To calibrate the TDC1029, adjust VRT and VRp to set 1st  1uF non polar capacitor, then offset by —0.8V with a
and 63rd thresholds to the desired voltages. Assuming a 741 type operational amplifier and an emitter follower.
—0.3V to —1.3V desired range, continuously strobe the ~ System offset is adjusted via a variable resistor which
converter with —0.3079V (1/2 LSB from —0.300V) on alters the gain of the amplifier that provides the offset

the analog input, and adjust VRT for output toggling to the analog input signal. The reference voltages for the
between codes 00 and 01. Then apply —1.2921V (1/2 TDC1029 are both supplied by 741 type operational
LSB from —1.300V) and adjust VRp for toggling amplifiers configured as inverting amplifiers with emitter
between codes 62 and 63. Instead of adjusting VRT, followers. The reference bottom is adjustable via a
RT can be connected to a fixed voltage and the most variable resistor to allow the system gain to be adjusted.
positive end of the range calibrated with an offset The power supply to the TDC1029 has been regulated
control. Rg is a convenient paint for gain adjust that is  with an LM337 three-terminal regulator, then VEga has
not in the analog signal path. These techniques are a ferrite bead inductor in series with the supply and a
employed in Figure 6. parallel bypass capacitor to ground. The purpose of the
inductor is to isolate the analog supply from the noise
Typical Interface Circuit and voltage spikes that might be present on the digital

. , - - supply. The digital data that is generated by the
Figure 6 shows an example of a typical interface circuit TDC1029 is latched with a 100151 ECL latch.

for the TDC1029. The analog input is AC coupled with a

Figure 6. Typical Interface Circuit
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Typical Interface Circuit

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

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

Applications

The TDC1029J6 (28 lead DIP) has three additional reference
resistor taps available. These may be used in a variety of
ways. Below are depicted two possible applications of these
taps (Figures 7 and 8). In Figure 7 the potential at the
reference middle point is sensed and fed back as an offset to
the input amplifier so that the input voltage is automatically

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

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

16

Product Temperature Range Screening Package Package
Number Marking
TDC1029B7C STD-Tp=0°C to 70°C Commercial 24 Pin CERDIP 1029B7C

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

Life Support Policy — TRW LSI Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LSI Products Inc. components in life support applications assumes all risk of

such use and indemnifies TRW LS| Products Inc. against all damages.

TRW LSI Products Inc.
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Monolithic Peak Digitizer
8-Bit, 30ns Full Respanse Peak Width

The TDC1035 is a unique variant of the full-parallel
(“flash”) analog-to-digital converter, capable of capturing
the maximum peak amplitude of one or more pulses
applied to its input between asynchronous reset pulses.
Multiple “peak read” operations can be performed
between resets. Peaks are detected digitally, so operation
is stable and predictable. Packaged in a 24 pin CERDIP,

Multiple Read Operations Between Resets
1/2 LSB Linearity

e Narrow Ambiguity Region Around Reset
Detects Pulses As Small As 12ns Wide
Guaranteed Maonotonic
Selectable Data Format

the TDC1035 features lower power consumption and e Available In A 24 Pin CERDIP Package

smaller size than an analog peak detector/ADC
combination. All digital inputs and outputs are TTL

e 1.0W Power Consumption

compatible, and all outputs are registered and e Three-State Registered Outputs

three-state. L.
Applications

Features

8-Bit Resolution
Full DC Linearity For Pulses ~ 30ns Wide

Radar Pulse Classification
Electronic Countermeasures
Radiation Measurement

e Does Not Require Analog Peak-Hold Circuit e |nstrumentation
e Continuous Peak Capture Between Resets
Functional Block Diagram
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TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990
PO. Box 2472 FAX: (619) 455-6314 40G06460 Rev. A—11/90

La Jolla, CA 92038

Printed in the US.A.
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Pin Assignments 4
Dy (MsB) 1[] []24 WINV
D, 2] 123 OF
D 3[] 122 Rg
D 4[] 121 Agyp
Denp 50 120 Rypp
vee 6[] 119 vy
ek 7] 118 Agyp
vee 801 117 Ry
vee 0[] 116 RESET
Dgnp 1001 15 pg(LsB)
O 1] 114 D,
D5 12(] 113 Dg
21220A
24 Pin CERDIP — B7 Package

Functional Description

General Information

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

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

To permit accurate, repeatable characterization, the
TDC1035 is tested with a slew-rate limited “square”
pulse. It will digitize (to its DC accuracy) the peak value
of a square pulse having a minimum duration of 30ns.
The accuracy degrades gracefully as the duration
decreases from 30 down to 12ns, where it understates
the applied amplitude by 15% (Figure 7). Production
characterization of the TDC1035 uses “square” pulses
with controlled rise and fall times of 8ns.

78

Performance of the TDC1035 with other pulse shapes
(such as Gaussian or bandwidth-limited square pulse) can
be estimated by applying an energy above threshold
model, with area of 120 picoVolt-seconds.

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

As shown in Figure 3, the TDC1035's comparator inputs
have emitter-follower buffers, which limit the permissible
input signal slew rate to 250V/us. This corresponds to a
full-scale transition time of 8ns.

TRW LSI Products Inc.
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Power

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

Reference
The reference for the TDC1035 is a negative voltage

GppiET acioss a cniain of 255 resistors. The ©p o this
chain is connected to the RT pin, and the voltage
applied to the R pin (VRT) should be within 0.1V of the
analog ground. Note that the difference between the
voltage applied to the pin and the voltage at the
reference chain is the offset specification {EgT and Eqgg).
The bottom of the reference resistor chain is connected
to the RB pin, and the voltage applied to the Rp pin
(VRB) should be between 1.8 and 2.2V negative with
respect to the Ry pin for full-specification operation.
Reduced reference voltage operation is possible at
reduced accuracy (for example, for generating a non-
linear transfer function). The RT—Rg reference source
should be able to deliver at least 45mA.

Due to the variation in the reference currents with clock
and input signals, RT and Rg should be connected to
circuit nodes with a low impedance to ground. For
circuits in which the reference is not varied at a high
rate, a bypass capacitor to ground is recommended. If
the reference inputs are exercised dynamically (e.g., for
AGC or nonlinear operation), a low-impedance reference
source is required. The reference voltages may be varied
dynamically; contact the factory for information on
limitations when the device is used in this mode. The
performance of the TDC1035 is specified with DC
references of VRT=0.0V and VRg=—2.0V.

Control

Two function control pins, MINV and LINV, are provided.
These names stand for active-LOW Most significant bit
INVert and active-LOW Least significant bits INVert,
respectively. These controls are for DC fie., steady-
state), not dynamic, use. They permit the output coding
to be either straight binary or offset two’s complement,
in either true or inverted sense, according to the Output
Coding Table. A single output state control pin, OE, is
provided. The three-state outputs may be placed ina
high-impedance state by applying a logic HIGH to the O
control pin, and enabled by driving OE LOW.

TRW LSI Products Inc.

The function control pins may be tied to Vg for a logic
HIGH, and Dgnp for a logic LOW; however, a 2.2 kOhm
pull-up resistor is preferred over direct connection to
Ve If a pull-up resistor is not used, the absolute
maximum voltage rating for the part becomes that of the
TTL input, 5.5V, rather than the higher value for the Vg
terminal.

Command

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

Analog Input

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

Outputs

The outputs of the TDC1035 are TTL compatible, capable
of driving four low-power Schottky TTL (54LS/74LS) unit
loads or the equivalent. The outputs hold the previous
data a minimum time tyQ after the rising edge of the
CLK input, and are guaranteed to have the new output
value after a maximum time tpg. Under light DC load
conditions (such as driving CMOS loads or base-input
low-power Schottky such as the 74L5374) 2.2k pull-up
resistors to +5.0V are recommended.

19
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Package Interconnections

Name Function Value B7 Package Pins
Vee Positive Supply Voltage +5.0V 8
VEE Negative Supply Voltage -5.2V 6,9
DgnD Digital Ground 0.0V 5,10
AGND Analog Ground 0.0v 18, 21
R Reference Resistor, Top 0.0v 17
Rg Reference Resistor, Bottom -2.0V 22
MINV MSB Invert TTL (Active LOW) 24
LNV LSB Invert TTL (Active LOW) 1
OE Output Enable TTL (Active LOW) 23
RESET Resets Peak Value to Zero TTL (Active HIGH) 16
CLK Loads QOutput Register TTL (Rising Edge) 7
VIN Analog Input Signal 0.0V to —2.0V 19
D, MSB Output TTL 1

Dz TTL 2

D3 TTL 3

Dy TTL 4

D5, TTL 12
Dg TTL 13
Dy TTL 14
Dg LSB Output TTL 15

Figure 1. Timing with Separate RESET and CLK
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Figure 3. Simplified Analog Input Equivalent Circuits
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Figure 7. Variation of Accuracy as a Function
of Width, “Square” Input Pulse
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Output Coding

Binary Offset Two's Complement
, Range True ““Inverted True Inverted
~20000V FS |  —2.0480V FS CMINV =1 0 0 1
Step 7.8431mV Step 8.000mV Step’ TINV =1 0 1 0
000 0.0000V " 0.0000V 00000000 1mim 10000000 01111111
001 ~0.0078V —0.0080V 00000001 1111110 10000001 01111110
L] L] L] L] L] [ ] L[]
L] L] L] L] L] L] L]
L] L] L] L] L] [ ] L]
127 —0.9922V —1.0160V 01111111 10000000 nmmnmn 00000000
128 —1.0000V ' —1.0240V 10000000 0111111 00000000 mmnn
129 —1.0078V —1.0320V 10000001 01111110 00000001 11111110
L] L] L] L] L] L] (]
L] L] L] . L] L] .
° L] L] L] L] L] o
254 —1.9844V —2.0240V 11111110 00000001 01111110 10000001
255 —1.9922v —2.0320v M 00000000 0111111 10000000
Absolute maximum ratings (beyond which the device may be damaged) !
Supply Voltages
Ve (measured to Dgnp) —05to +7.0V
VEg (measured to Dgyp) —7.0 to +0.5V
Agnp (measured to Dgyp) —-05to +0.5V
Input Voltages : - @ s
RESET, CLK, OE, MINV, LINV (measured t6 Agyp) ~05to +5.5V
ViN. VRT. VRB (measured to Agyp) (Vgg — 0.5) to +0.5V
VR (measured to Vgp) —221to0 +22V
Outputs .
Applied voltage (measured to Dgyp) —05to +0.5V2
Applied current (externally forced) ~1.0 to 6.0mA 34
Short-circuit duration (single output HIGH to shorted to ground) 1 Second
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.
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Functional operation under any of these conditions is NOT implied. Device performance is guaranteed only if specified operating conditions

are met.

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

3. Forcing voltage must be limited to specified range.

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

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Vee Positive Supply Voltage 4.75 5.0 5.25 450 5.0 55 v
Ve Negative Supply Voltage -4.90 -52 -55 -4.90 -52 -55 \'
VAGND Analog Ground Voltage -0.1 0.0 0.1 -0.1 0.0 0.1 \
tPWHR Reset Minimum Pulse Width, HIGH 20 ] 2 ns
tpwiLC CLK Minimum Pulse Width, LOW 20 20 ' ns
tPWHC CLK Minimum Pulse Width, HIGH 20 20 ns
Sg Input Signal Slew Rate 250 250 ViuS
ViL Input Voltage, Logic LOW 0.8 0.8 '
Vi Input Voltage, Logic HIGH 2.0 2.0 Vv
loL Output Current, Logic LOW 4.0 40 mA
IgH Output Current, Logic HIGH —400 —400 wA
VRT Reference Voltage, Top -0.1 0.0 0.1 -0.1 0.0 0.1 Vv
VRB Reference Voltage, Bottom -1.8 -20 -22 -18 -20 -22 Vv
VRT-VRB Reference Voltage Span 1.8 2.0 2.2 1.8 2.0 22 v
V|N Input Voltage Range VRT VRB VRT VRB \
Ta Ambient Temperature, Still Air 0 70 °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
Icc  Positive Supply Current Voo =Max, Static 35 35 | mA
Ieg Negative Supply Current VEgg =Max, Static —160 -160 | mA
IRer  Reference Current VRT - VRg=Nom 35 3 | mA
RRep  Reference Resistance Total, Ry to Rg 57 57 Ohms
RIN Input Equivalent Resistance (DC) VRT. VRB=Nom, VIN=VRB 50 50 kOhms
Cin  Input Capacitance, Analog VRT: VRg=Nom, Viy=VgB 50 50 | pF
Icg  Input Constant Bias Current Vgg=Max 250 350 | pA
n Input Current Logic LOW Vee=Max, V) =04V -500 -500 | uA
iy Input Current Logic HIGH Vee=Max, Viy=2.4V 50 50 | pA
im Input Current, Vjy=Max Vee=Max, Vjy=5.5V 1 1 mA
lgzL  Hi-Z Output Leakage Current, Output LOW | Vcp=Max, Vg=0V -30 30 | -30 30 |pA
lgzy Hi-Z Output Leakage Current, Output HIGH | Veg=Max, Vg=5V -30 30 | -30 30 | pA
lgs  Short-Circuit Output ! Ve =Max, Output HIGH, one -50 —50 mA
output tied to Dgyp for 1 second.

VoL  Output Voltage, Logic LOW Vee=Max, Igp =Max 0.5 05V
Vgy Output Voltage, Logic HIGH Vee=Min, lgy=Max 24 24 v
CiN  Input Capacitance, Digital 10 10 | pF

Note: 1. Worst case, all digital inputs and outputs LOW.
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Switching characteristics within specified operating conditions
Temperature Range
. Standard Extended
Parameter Test Conditions Min Max Min Max Units
tpg CLK Setup Time Vee=Min, Vgg=Min, Load 1 30 30 ns
tRp RESET Delay Vee=Min, Vgg=Min, Load 1 5 5 ns
tpg Output Delay VCC=Min, VEE=Min, Load 1 35 35 ns
tHo Output Hold Time Ve =Min, VEg=Min, Load 1 5 5 ns
tpis Output Disable Time Ve =Min, Vgg=Min, Load 1 20 20 ns
tgya Output Enable Time Ve =Min, Vgg=Min, Load 1 70 - 90 ns
Note: 1. tgp and tpg are the guaranteed maximum lengths of the ambiguity periods.
System performance characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
|y Linearity Error, Integral, Independent VRT, VRg=Nom 0.2 0.2 %FS
E p Linearity Error, Differential VRT, VRg=Nom 0.2 0.2 %FS
CS Code Size VRT: Vgg=Nom 30 170 30 170 % Nominal
tpin Analog Input Pulse Width Square Pulse,
15% Accuracy 12 12 ns
~ DC Accuracy 30 30 ns
Egt Offset Error, Top ViN=VRT +8 +8 mV
Egg  Offset Error, Bottom Vin=VRB +15 +15 mV
Tcg.  Offset Error, Temperature Coefficent VRT VB Voo VEp=Nom +20 +20 uVi°C

Applications Discussion

Under certain conditions, the real component of the
input impedance may go negative at frequencies near
100MHz. To prevent oscillation at the input signal port,
TRW recommends connecting the input signal to the
TDC1035 via a series-connected resistor of at least

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

Ordering Information

Product Temperature Range Screening Package Package
Number : Marking
TDC1035B7C STD-Tp=0°C to 70°C Commercial 24 Pin CERDIP 1035B7C
TDC1035B7V EXT—Tg=-55°C to 125°C MIL-STD-883 24 Pin CERDIP 1035B7V

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

Life Support Policy — TRW 18I Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LS| Products Inc. components in life support applications assumes all risk
of such use and indemnifies TRW LS| Products Inc. against all damages.
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Monolithic Video A/D Converter
8-Bit, 20Msps, Low Power

The TRW TDC1038 is a flash analog-to-digital converter
capable of converting a video-speed signal into a stream
ui B-vil digilai wurds al ZGivisps (iviegaSampies Per
Second). It is pin-for-pin compatible with the industry-
standard TDC1048 but uses half the power. Since the
TDC1038 is a flash converter, a sample-and-hold circuit
is not required.

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

Features

8-Bit Resolution

DC To 20Msps Conversion Rate

7MHz Full-Power Bandwidth

30MHz Small Signal —3dB Bandwidth
1/2 LSB Linearity

e 700mW Power Dissipation

e +5V, =50V (Or —5.2V) Supply Operation
e low Cost

e Drop-In Replacement For TDC1048

¢ Sample-And-Hold Circuit Not Required

¢ Analog Input Range 0 To —2V

o Differential Phase 0.3°

o Differential Gain 0.7%

e Selectable Data Format

e Available In Plastic DIP, CERDIP, And PLCC

Applications

e Digital Television

Electronic Warfare

Low Power Upgrade For TDC1048

Video Digitizing

Medical Imaging

High Energy Physics

Low Cost, Low Power, High-Speed Data Conversion

Pin Assignments

Dy(MsB) 1[0 ] 28 NMINV
D, 20 127 Ry
Dy 310 126 Rp
Dy 4[] 125 Agnp
Dexp 5 1 24 NC
Vcc 6 [ ] 23 VIN
Vee 70 122 NC
Vee 800 21 Viy
Veg 9 01 1 20 NC
Vcc 10 [ 119 AGND
Dexp 11 118 Ry
NLINV 12 [] 1 17 CONV
35 13 E % 1: gs (LSB)
6 14 15 D4
21201A

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

[=] [=]
= =
o 2o =20 O
< =ZFS=2>5=<a
RIRISS
N e e W s W e W e W e W e
Rp 26 18 Ry
Ry 27 17 CONV
NMINV 28 116 Dg (LSB)
D4 (MSB) 1 115 D,
Dy 2 114 Dg
D3 3 113 Dy
Dy 4 112 NLINV
e e e e
200 www oo
FSMMH O F
(=] (=)

21202A

28 Lead Plastic J-Leaded Chip Carrier — R3 Package
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Functional Block Diagram
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Rg > (255)
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'Functional Description

General Information

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

Power

The TDC1038 operates from two supply voltages: +5.0V
and —50V. —5.2V may be used with a slight increase
in power dissipation. The return path for Igg, the current
from the +5.0V supply, is DgNp. The return for path
Igg, the current from the —5.0V supply, is Agnp. Al
power and ground pins must be connected.

Reference

The TDC1038 converts analog signals in the range
VRB<V|N=SVRT into digital form. The specifications of

TRW LSI Products Inc.
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Reference (cont.)

the TDC1038 are guaranteed with VRT (the voltage
applied to the top of the reference resistor chain) at
00 + 0.1V and VRR (the voltage applied to the bottom
of the reference resistor chain) at —2.0 + 0.1V.

Linearity is guaranteed with no adjustment; however, a
midpaint tap, Ry, allows trimming of converter integral
linearity as well as the creation of a nonlinear transfer
function. This is explained Iin the Application Note TP-19
“Non-Linear A/D Conversion”. The circuit shown in
Figure 6 will provide approximately a 1/2 LSB adjust-
ment of the linearity at midscale. The characteristic
impedance seen at this node is approximately 220 Ghms
and should be driven from a low-impedance source. Note
that any load applied to this node will affect linearity,
and any noise introduced at this point will degrade the
overall quantization SNR. Due to the slight variation in
the reference current with clock and input signals, Ry
and Rp should be low-impedance-to-ground points. For
circuits in which the reference is not varied, a bypass
capacitor (0.01 to 0.1uF) 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; however, device performance is
specified with fixed reference voltages as defined in the
Operating Conditions Table.

Analog Input

For precise quantization, the TDC1038 uses latching
comparators. For optimum overall system performance the
source impedance of the driving circuit must be less than
25 Ohms. If the input signal is between the VRT and
VRRB references, the output will be a binary number from
0 to 255. When a signal outside the recommended input
voltage range (0 to —2V) is applied, the output will
remain at either full-scale value. The input signal will not
damage the TDC1038 if it remains within the range

TRW LSI Products Inc.

specified in the Absolute Maximum Ratings Table.
Both analog input pins are connected together internally
and therefore either one or both may be used.

Convert

The TDC1038 requires an external convert (CONV) signal.
Because the TDC1038 is a flash converter it does not
sample is taken lthe
outputs of the comparators are latched) within tgTQ
(Sampling Time Offset) after a rising edge on the CONV
pin. The result is encoded and then transferred to the
output registers on the next rising edge. The digital
output for sample N becomes valid tp after the rising
edge of clock N+1 and remains valid until t4q after the
rising edge of clock N+2. (See Figure 1, Timing
Diagram.)

ranitira a track-and_hald circuit A
TeQuIre 2 Tack-ant-nCi CICuit. A

Output Format Control

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

Outputs

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

Not Connected

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

~ Signal Signal B6, N6, R3
Type ) Name Function Value Package Pins
Power Vee Digital Supply Voltage +5.0V 6, 10
VEE Analog Supply Voltage -5.0V 7,89
AGND Analog Ground 0.0V 19, 25
DeND Digital Ground 0.0v 5 11
Reference R Reference Resistor (Top) 0.0v 18
' Rm Reference Resistor (Middle) -1.0V 27
) ) Rg Reference Resistor (Bottom) -2.0V 26
Analog Input VIN Analog Signal Input 0V to -2V 21,23
Convert CONV Convert TTL 17
Format Control NMINV Not Most Significant Bit Invert TTL 28
NLINV Not Least Significant Bit Invert TTL 12
Data Output 0 Most Significant Bit Output TTL 1
Dy TTL 2
Dy TTL 3
Dy TTL 4
Dy 7L 13
Dg TTL 14
Dy TTL 15
~ Dg Least Significant Bit Output TTL 16
Not Connected | NC Not Connected Open 20,22, 24

Figure 1. Timing Diagram

Fs

1

CONV SAMPLE ) SAMPLE SAMPLE
N = N+1 l l N+2 ’

ANAL.OG INPUT
—

—>»| |« 1510

€— tp —>>|

o~

DIGITAL OUTPUT )(XXX

XX

X0

N+1

—>»| tHo |je—

21190A
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Figure 2. Simiplified Input Circuits
Vin .
CNT Rin
Vino
VEEA Vgg VEE
x
Cin 'S A NONLINEAR JUNCTION CAPACITANCE
VRB iS A VOLTAGE EQUAL TG THE VOLTAGE ON PIN R % :
B v vo REFERENCE O
EE EE RESISTOR EE
CHAIN 21191A

Figure 3. Convert Input Equivalent Circuit

Figure 4. Output Circuit

Vec® - - - °Vee
000> 0 """
O?JTPUT
quTPuT ONTPY
INPUT © -—
% 40pF 5
1 LOAD 1
VEE = . = TEST LOAD
21192A
OUTPUT EQUIVALENT ﬂ%ﬁg&kéﬁms
CIRCUIT 21193A
Output Coding Table
Binary Offset Two's Complement
True Inverted True Inverted

Input NMINV =HIGH NMINV =LOW NMINV=LOW NMINV =HIGH
Voltage NLINV =HIGH NLINV=LOW NLINV=HIGH NLINV=LOW
0.0000V 0000 0000 M1 1n 1000 0000 0111 1M1
—0.0078V 0000 0001 1111 1110 1000 0001 0111 1110

L] L] L] L] L]

L] L] L] L] L]

L] L] L] L] L]
—0.9922v o1t 1 1000 0000 1M1 11 0000 0000
—1.0000V 1000 0000 011 1N 0000 0000 111 111
—1.0078V 1000 0001 0111 1110 0000 0001 111 1110

L] L] L] L] L]

L] L] L] L] L]

L] L] L] L] L]
—1.9844V 1111 1110 0000 0001 0111 1110 1000 0001
-1.9922v mmam 0000 0000 0111 1M 1000 0000
Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logic 1 or tied to ground for a logic 0.

2. Voltages are code midpoints.
TRW LSI Products Inc. 89
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Absolute maximum ratings (beyond which the device may be damaged) '
Supply Voltages
Ve (measured to Dgyp) -051t0 +70V
Vgg (measured to Agnp) +05t0 —7.0V
AgND (measured to Dgp) -05to +05V

90

Input Voltages 2
CONV, NMINV, NLINV (measured to Dgnp!

-05 to (Vgg + 0.5Y)

VN VRT VRB (measured to Agnp) VEg to +0.5V
VRT (measured to VRg) —-22to +2.2V
Input Currents 3
CONV, NMINV, NLINV —50 to +50mA
V|N, VRT' VRB —100 to +100mA
Output )
Applied voltage 2 (measured to Dgnp) -05to (Voo + 0.5V)
Applied current 3, externally forced —20 to +20mA
Short circuit duration (single output in HIGH state to ground) 1 Second
Temperature
Operating, ambient (all packages except N6 and R3) —55 to +125°C
(N6 and R3 packages only) —20 to +90°C
junction. (all packages) +175°C
Lead, soldering, all packages (10 seconds) +300°C
Storage, all packages —65 to +150°C
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.

Functional operation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are

guaranteed only if the Operating Conditions are not exceeded.
2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
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Operating conditions

Temperature Range
Standard
Parameter Min Nom Max Units
Vee Digital Supply Voltage 4.75 5.0 5.25 v
VEe Analog Supply Voltage -4.75 -5.0 -55 v
VAGND Analog Ground Voltage (Measured to Dgnp) =01 0 +0.1 \
teyi CONVert Pulse Width, LOW 19 ns
tpwH CONVert Pulse Width, HIGH 27 ns
ViL Input Voltage, Logic LOW 0.8 \
\um Input Voltage, Logic HIGH 2.0 v
oL Output Current, Logic LOW 4.0 mA
loH Output Current, Logic HIGH —400 A
VRT Most Positive Reference Input ' -0.1 0.0 0.1 v
VRrB Most Negative Reference Input ' -19 -2.0 -2.1 \
VRT—VRB Voltage Reference Differential 1.8 20 22 \
VIN Input Voltage VRB VRT Y
Ta Ambient Temperature, Still Air 0 70 °C
Note: 1. VRT must be more positive than Vgp, and voltage reference differential must be within specified range.
Thermal characteristics (approximate)

Parameter Package Typical Units
eia Thermal Resistance, Junction to Ambient N6 45 °C/IW

R3 65 °CIW

B6 50 °CIW
eic Thermal Resistance, Junction to Case N6 17 °C/W

R3 14 °CIW

B6 12 °CIW
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Electrical characteristics within specified operating conditions
Temperature Range
Standard
Parameter Test Conditions Min Max Units
Ice Positive Supply Current Vee=Max ! 45 mA
Ieg Negative Supply Current Vgg=Max —165 mA
IRgg  Reference Current VRT, VRg=Nom 30 mA
Rrep  Total Reference Resistance 67 Ohms
RN Input Equivalent Resistance VRT, VRB=Nom, V|N=VRge 80 kOhms
Cin Input Capacitance VRT, VRg=Nom, V|N=VRgp 50 pF
IcB Input Constant Bias Current Veea=Max 250 uA
L Input Current, Logic LOW Voo =Max, V=04V -0.6 mA
IH Input Current, Logic HIGH Veg=Max, V=24V —200 50 A
I Input Current, Max Input Voltage Ve =Max, V|=Vge=Max 1.0 mA
VgL Output Voltage, Logic LOW Ve =Min, Ig| =Max 0.5 \
VoH Output Voltage, Logic HIGH Vee=Min, lgy=Max 24 Vv
los Short-Circuit Output Current Ve =Max, Output HIGH, one pin to —-40 mA
ground, one second duration max.
G Digital Input Capacitance Tp=25°C, F=1MHz 15 pF
Note: 1. Worst case, all digital inputs and outputs LOW.
Switching characteristics within specified operating conditions
Temperature Range
Standard
Parameter Test Conditions Min Max Units
Fg Maximum Conversion Rate 20 Msps
tsTO Sampling Time Offset -2 10 ns
tp Output Delay Veo=Min, Load 1, Figure 4 30 ns
tHo Output Hold Time Vee=Max, Load 1, Figure 4 5 ns
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System performance characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
E Linearity Error Integral, Independent VRT, VRg=Nom 0.2 %
Eip Linearity Error Differential 0.2 %
CS Code Size 25 175
EOT Offset Enor, Tup V|N =‘v'RT +15
Egs Offset Error, Bottom ViN=VRB -15
Tco Offset Error, Temperature Coefficient -20 +20 uvi°C
BW Bandwidth, Full Scale Input No Spurious or Missing Codes 7 MHz
BWgg  —3dB Bandwidth, Small Signal —20dBFS Input 30 MHz
tTR Transient Response, Full Scale 40 ns
SNR Signal-to-Noise Ratio 10MHz Bandwidth,

20Msps Conversion Rate

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

2.438MHz Input 44 dB
Epp Aperture Error 60 ps
DP Differential Phase Error Fg=4xNTSC 10 Degree
DG Differential Gain Error Fg=4xNTSC 20 %

Figure 5. Typical Interface Circuit
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Figure 6. Optional Midscale Linearity Adjust Figure 7. Typical SINAD vs. Input Frequency
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Typical Interface Circuit

The Typical Interface Circuit (Figure 5) shows a wide-
band operational amplifier driving the A/D converter
directly. Bipolar inputs to the op amp can be accom-
modated by adjusting the offset control. TRW's TDC4611
provides a stable reference for the offset and gain
controls. All V| pins are connected close to the ‘device
package and the input amplifier's feedback loop should
be closed at that point. The buffer has an inverting gain
of two, increasing a 1Vp-p video input signal to the

recommended 2Vp-p input for the TDC1038. Proper
decoupling is recommended for all systems.

The bottom reference voltage (VRp) is- supplied by an
inverting amplifier or the TDC4611, buffered with a PNP
transistor. The transistor provides a low-impedance source
and is necessary to sink the current flowing through the
reference resistor chain.

Evaluation Board

The TDC1038E1C is a Eurocard-style printed circuit board
designed to optimize the performance of, and to aid in
the evaluation of, the TDC1038 A/D converter. The board
dimensions are 100mm x 160mm with a standard 64 pin
double-row DIN male connector installed. A
complementary 64 pin double-row DIN female connector
is included with the board. The circuitry on the board
includes reference voltage generator, wideband video
input amplifier, and a TDC1012 12-bit D/A converter
which may be used in evaluating certain parameters of
the TDC1038.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the top is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
I/0 and clocks. The board is calibrated and tested at the
factory and is supplied complete with TDC1038 and
TDC1012 installed.

94

Power and Ground

Four power supply voltages are required for the opera-
tion of the TDC1038E1C: Vo= +5V, VEg=-5.2V,
V+=+15V and V- = —15V. All power inputs are
decoupled to a single solid ground plane, GND. All GND
pins of the board are connected to the ground plane and
it is recommended that all GND pins be used.

Voltage Reference Generator

The TDC1038E1C has a voltage reference generator
circuit for driving the RB terminal of the TDC1038. With
RT grounded, a variable —2V is supplied to RB from U2
and Q2. The GAIN potentiometer provides +10%
adjustment range on the RB voltage. Diodes D3 through
D6 act as clamps which protect the TDC1038 from
power-on conditions that might violate absolute
maximum ratings and damage the TDC1038.
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Video Input Amplifier

The input amplifier of the TDC1038E1C, U3, has been
designed to accept a +0.5V input range and translate
that signal to the OV to —2V range of the TDC1038.
The output of this amplifier can be monitored at the
AOUT SMA connector which is connected to the Vi
terminals of the TDC1038 through a 470Q resistor. The
OFFSET potentiometer, R29, gives a + 0.5V offset
adjustment range to the board.

A/D Converter Inputs

The clock to the TDC1038, CONV, is normally brought
onto the board through the SMA connector labeled
“CONV." By installing jumper J1, this signal is routed
through the edge connector pin B2. A lacation for a
terminating resistor, R14 is available on the board for
terminating a clock cable. The NMINV and NLINV inputs
to the TDC1038 are pulled HIGH with resistors and may
be pulled LOW by installing jumpers J2 and J3.

The analog signal input to the TDC1038E1C is brought
onto the board by way of the SMA connector labeled
"AIN" near pin 28 of the TDC1038. A terminating
resistor, R23, is included on the board for terminating a
50Q analog input signal cable.

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

The eight data outputs of the TDC1038 are brought to
edge connector pins B13 through B21 (excluding B18).

TRW LSI Products Inc.

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

D/A Converter Inputs

The clock to the TDC1012, CLK, is normally brought onto
the board through an SMA connector fabeled “CLK”
near pin 16 of the TDC1012. A location for a terminating
resistor, R6 is provided for clock cable termination. The
clock to the TDC1012 is also brought to the edge
connector pin B24.

D/A converter outputs are brought to SMA connectors
labeled QUT+ and OUT- as well as edge connector
pins B28 and B27. Load resistors of 51.1Q are provided
on the board to facilitate 509 cable connection to the
board.

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

Removing the jumper in the location labeled “FT" will
put the TDC1012 into feedthrough (unclocked) mode. This
eliminates the requirement for a D/A clock signal, but
will degrade the fidelity of the TDC1012 reconstruction.
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TDC1038E1C Silkscreen Layout
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TDC1038E1C Circuit Side Layout

b‘

TDC1038E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1038E1C
GND A32 B32 V- (-15V) AMP 532507-2 Wire-wrap
GND A31 B31 V+ (+15V) AMP 532507-1 Solder tail
GND A30 B30 NC . ‘
glu\lg ﬁzs ggg gl(;‘ our Robinson-Nugent ~ RNE-64BS-W-TG30 Wire-wrap
28 + i i
oND A2 B27 DIA OUT- Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
gxg Rgg ggg mg Souriau 8609-264-6115-7550E1  Wire-wrap
Souriau 8609-264-6114-7550E1  Solder tail
ND A24 : :
GND Ass Bos ne o Souriau 8609-264-6813-7550E1  Solder tail
GND A22 B22 NC right-angle
D/A Dy MSB  A21 B21 A/D Di MSB bend
D/A Dy A20 B20 A/D Dy
D/A D3 A19 B19 A/D D3
GND A18 B18 V(e (+5V)
D/A Dy A17 B17 A/D Dy
D/A D5 A16 B16 A/D D5
D/A Dg A15 B15 A/D Dg
D/A D7 Al4 B14 A/D Dy
D/A Dg LSB A13 B13 A/D Dg LSB
NC A12 B12 NC
NC AN B11 NC
NC A10 B1I0 NC
NC A9 B9 NC
NC A8 B8 NC
NC A7 B7 NC
NC A6 B6 NC
NC A5 B5 NC
GND A4 B4 NC
GND A3 B3 NC
GND A2 B2 A/D CONV
GND A1 Bl  VEE (-52V)
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Figure 8. TDC1038E1C A/D Converter Schematic Diagram
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Figure 9. TDC1038E1C D/A Converter Schematic Diagram
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1038B6C STD-Tp=0°C to 70°C Commercial 28 Pin CERDIP 1038B6C
TDC1038N6C STD-Tp=0°C to 70°C Commercial 28 Pin Plastic DIP 1038N6C
TDC1038R3C STD-Tp=0°C to 70°C Commercial 28 Lead Plastic J-Leaded Chip Carrier 1038R3C
TDC1038E1C STD-Tp=0°C to 70°C -— Eurocard PC Board TDC1038E1C

100

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

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

TRW LS! Products Inc.



A/D Converters 73wy

TRW LSI Products Inc. 101



A/D Converters - Teww

102 TRW LSI Products Inc.



TDC1044

N A4

Monolithic Video A/D Converter
4-Bit, 25Msps

The TRW TDC1044 is a 25Msps (MegaSample Per
Second| fully parallel analog-to-digital converter, capable
i culverling an digivy signai with Tuli-powei fiequency
components up to 12.5MHz into 4-bit digital words. Use
of a sample-and-hold circuit is not necessary for oper-
ation of the TDC1044. All digital inputs and outputs are
TTL compatible.

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

Features

4-Bit Resolution
114 LSB Non-Linearity
Sample-And-Hald Circuit Not Required

® 7ENene MNanuarcinn Rata
LSNPS LONVEISICN nate

Selectable Output Format
e Available In A 16 Pin DIP

Applications

Video Special Effects
Radar Data Conversion
Medical Imaging
Image Processing

Functional Block Diagram
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Pin Assignments

Agnp 1 [0 116 CONV
vy 2 [0 115 D, (LSB)
ne 3 [] 114 0,
Rra ] 113 D,

Rg 5 [ 112 D, msB)
Vee 6 [ ] 11 Dap

NLINV 7 [] 110 vge

Ry 8 [ 1o Nm

16 Pin DIP — B9 Package
16 Pin Plastic DIP — N9 Package

Functional Description

General Information

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

Power

The TDC1044 operates from two power supply voltages,
+50V and —5.2V. The return for Igg (the current
drawn from the +50V supply) is Dgnp. The return for
IEg (the current drawn from the —5.2V supply) is AGND.
Al power and ground pins must be connected.

104

Reference

The TDC1044 converts analog signals in the range
VRB<XV|N<VRR into digital form. VRg (the voltage
applied to Rp at the bottom of the reference resistor
chain) and VRT (the voltage applied to Ry at the top of
the reference resistor chain) should be between +0.1V
and —1.1V. VRT should be more positive than VRg
within that range. The voltage applied across the
reference resistor chain (VRT-VRB) must be between
0.4V and 1.3V. The nominal voltages are VRT=0.00V
and VRg=—1.00V. These voltages may be varied
dynamically up to 10MHz. Due to slight variation in the
reference currents with clock and input signals, R and
Rp should be low-impedance points. For circuits in which
the reference is not varied, a bypass capacitor to ground
is recommended. If the reference inputs are varied
dynamically (as in an Automatic Gain Control circuit), a
low-impedance reference source is required. A reference
middle, R, is also provided; this may be used as an
input to adjust the mid-scale point in order to improve
integral linearity. This point may also be used as a tap to
supply a mid-scale voltage to offset the analog input. If
VRM is used as an output, it must be connected to a
high input impedance device which has small input
current. Noise at this point may adversely affect the
performance of the device.

Controls

Two function control pins, NMINV and NLINV are
provided. These controls are for DC (i.e., steady state)
use. They permit the output coding to be either straight
binary or offset two's complement, in either true or
inverted sense, according to the Output Coding Table.
These pins are active LOW as signified by the prefix “N”
in the signal name. They may be tied to V¢ for a logic
“1" and Dgnp for a logic "0

Convert

The TDC1044 requires a CONVert (CONV) signal. A
sample is taken (the comparators are latched) within
tgT after a rising edge of CONV. The coded result is
translated to the output latches on the next rising edge.
The outputs hold the previous data a minimum time
{tHo) after the rising edge of the CONV signal. New
data becomes valid after a maximum delay time, tp.

TRW LSI Products Inc.
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Analog Input

The TDC1044 uses latching comparators which cause
the input impedance to vary slightly with the signal level.
For optimal performance, the source impedance of the
driving circuit must be less than 25 Chms. The input
signal will not damage the device if it remains within
the range of Vg to +0.5V. If the input signal is at a
voltage between VRT and VRB, the output will be a

Outputs

binary code between 0 and 15 inclusive. A signal

outside this range will indicate either full-scale positive
or full-scale negative, depending on whether the signal
is off-scale in the pasitive or negative direction.

No Connects

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

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

Package Interconnections

Signal Signal
Type Name Function Value B9, N9 Package Pins
Power Vee Positive Supply Voltage +5.0V 10
VEE Negative Supply Voltage -52V 6
DgND Digital Ground 0.0V 1"
AGND Analog Ground 0.0v 1
Reference Rt Reference Resistor Top 0.0V 4
Rm Reference Resistor Middle -0.5V 8
Rg Reference Resistor Bottom -1.0V 5
Controls NMINV Not Most Significant Bit INVert TTL 9
NLINV Not Least Significant Bit INVert TTL 7
Convert CONV Convert TTL 16
Analog Input VIN Analog Signal Input 0Vt -1V 2
Outputs Dy Most Significant Bit Output TTL 12
Dy TTL 13
D3 TTL 14
Dy Least Significant Bit Output TTL 15
No Connects NC No Connect AGND 3

TRW LSI Products Inc.
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device may be damaged)
Supply Voltages
Ve (measured to Dgyp) -05 to +7.0V
Vie d to Agnp) +05 to -7.0V
AGND (m d to Dgnp! -05 to +0.5V
Input Voltages
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
viN' VRT' \[RB (measured tn AGNS\ +05 to VEEV
VRT { d to VRB) -22 to +2.2V
Output
Applied voltage ( d to Dgp) -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 -85 to +125°C
junction +150°C
Lead, soldering (10 ds) +300°C
Storage -65 to +150°C
Notes:

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

Functional operation under any of these conditions is NOT implied.
2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
4. Current is specified as positive when flowing into the device.

Operating conditions

—

Temperature Range
Standard Extended

Parameter Min Nom Max Min Nom Max Units
Vee Positive Supply Voltage (Measured to Dgyp) 475 50 5.28 45 50 55 )
Vie Negative Supply Voltage (Measured to Agyp) -49 -52 -55 -49 -52 -55 v
VaGND Analog Ground Voltage (Measured to Dgyp) -01 0.0 0.1 -0.1 0.0 0.1 v
tpwL CONV Pulse Width, LOW 17 17 ns
tPWH CONV Pulse Width, HIGH 17 17 ns
iL Input Voltage, Logic LOW 08 ) 08 )
Viy Input Voltage, Logic HIGH 20 20 )
loL Output Current, Logic LOW 40 20 mA
loy Output Current, Logic HIGH -400 -400 UA
Vet Most Positive Reference -19 00 0.1 -19 0.0 0.1 v
Vs Most Negative Reference -21 -10 -0.1 -21 -10 -01 v
VRT-VRB Reference Differential 0.2 10 20 0.2 10 20 )
Vin Input Voltage VRe VRt VrB VRT v
Ta Ambient Temperature, Still Air 0 70 °C
Te Case Temperature -55 125 °C

TRW LSI Products Inc.
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Electrical characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min- | Max Min | Max Units
Iec Positive Supply Current Vg = MAX, static! 15 2 mA
e Negative Supply Current Vg = MAX, static’
Tp = 0°C to 70°C -50 mA
Ty = 70°C -40 mA
Tg = -55°C to 125°C -65 mA
Tg = -125°C -3 mA
IREF Reference Current VRT. Vgg = NOM 2 2 mA
RRer Total Reference Resistance 500 500 Ohms
Rin Input Equivalent Resistance VRT. YRg = NOM, Vi = Vpg 300 100 kOhms
Cin Input Capacitance 25 25 pF
Ics Input Constant Bias Current Ve = MAX 25 50 uA
I Input Current, Logic LOW Voo = MAX, V) = 0.5V CONV -04 -0.6 mA
NMINV, NLINV -06 -08 mA
[ Input Current, Logic HIGH Vog = MAX, V) = 24V 50 50 UA
] Input Current, Max Input Voltage Voo = MAX, V) = 55V 10 10 mA
VoL Output Voltage, Logic LOW Voo = MIN, Igp = MAX 05 05 v
Vou Output Voltage, Logic HIGH Voo = MIN, Igy = MAX 24 24 v
los Short Circuit Output Current Veg = MAX, One pin to ground, one second -30 -30 mA
duration, Output HIGH.
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 Vog = MIN, Vge = MIN 2% 25 MSPS
tsT0 Sampling Time Offset Vog = MIN, Vge = MIN 10 15 ns
tg Digital Output Delay Voe = MIN, Vge = MIN, Load 1 KUl 3 ns
tHo Digital Output Hold Time Voo = MAX, Vge = MAX, Load 1 5 5 ns

TRW LSI Products Inc.



TDC1044

7 7wy
System performance characteristics within specified operating conditions
Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
E, Linearity Error Integral, Independent Vgg = NOM 16 16 %
Ep Linearity Error Differential 16 16 %
CS Code Size VRT. VRg = NOM 75 125 7 125 % Nominal
Egr Offset Error Top ViN = VRT +30 +30 mV
Egg Offset Error Bottom Vin = VRB +40 +40 mV
Tco Offset Error Temperature Coefficient 20 +20 uVi°c
BW Bandwidth, Full Power Input 125 125 MHz
YR Transient Response, Full Scale 10 10 ns
Epp Aperture Error 30 30 ps

Output Coding Table !

S

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

0.000v 0000 m 1000 om
-0.067v 0001 110 1001 0110
-0.133v 0010 101 1010 0101
-0.200v 0011 1100 m 0100
-0.267V 0100 1M 1100 oon
-0.333v 0101 1010 101 0010
-0.400v 0110 1001 110 0001
-0467V 01 1000 m 0000
-0533v 1000 onmn 0000 m
-0.600v 1001 0110 0001 110
-0.667v 1010 0101 0010 1nn
-0.733v m 0100 001 1100
-0.800V 1100 0011 0100 101
-0.867v 101 0010 0101 1010
-0.933v 110 0001 0110 1001
-1.000V 1 0000 om 1000
Note:

1. Input voltages are at code centers.

TRW LSI Products Inc.
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Calibration

To calibrate the TDC1044, adjust VRT and VRR to set
the 1st and 15th thresholds to the desired voltages.
Assuming a OV to —1V desired range, continuously
strobe the converter with —0.0033V (1/2 LSB from
0.000V) on the analog input, and adjust VRT for output
toggling between codes 0000 and 0001. Then apply
—0.967V (1/2 LSB from —1.000V) and adjust VRg for
toggling between codes 1110 and 1111. Instead of
adjusting VRT, RT can be connected to analog ground
and the OV end of the range calibrated with an amplifier
offset control. Rg is a convenient point for gain
adjustment that is not in the analog signal path.

Typical Interface Circuit

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

However, many driver circuits lack sufficient offset
control, drive current, or gain stability. The Typical
Interface Circuit in Figure 5 shows a simple amplifier
and voltage reference circuit that may be used with the
device. U2 is a wide-band operational amplifier with a

110

gain factor of —1. A small value resistor, R12, serves to
isolate the small input capacitance of the A/D converter
from the amplifier output and insure frequency stability.
The pulse and frequency response of the amplifier are
optimized by variable capacitor C12. The reference
voltage for the TDC1044 is generated by amplifier U3.
System gain is adjusted by varying R3 which controls the
reference voltage level to the A/D converter.

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

1

Ay
ZIN 1000

{1000 R1
R2 =2 (1000+m)

Rl =

and

where VR is the input voltage range of the circuit, Z|\ is
the input impedance of the circuit, and the constant
1000 comes from the value of R3. As shown, the circuit
is set up for 1Vp-p 75 Ohm video input.

TRW LSI Products Inc.
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Figure 5. Typical Interface Circuit
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1044B9C STD-Tp=0°C to 70°C Commercial 16 Pin DIP 1044B9C
TDC1044B9V EXT-Tg=-55°C to 125°C MIL-STD-883 16 Pin DIP 1044B9V
TDC1044N9C STD-Tp=0°C to 70°C Commercial 16 Pin Plastic DIP 1044N9C

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

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

The TRW TDC1046 is a 25Msps (MegaSample Per e Sample-And-Hold Circuit Not Required

Second) full-parallel (flash) analog-to-digital converter, e TTL Compatible
Capabie Of COnverting an analog Signai with fuli-power
frequency components up to 12.5MHz into 6-bit digital
wards. Use of a sample-and-hold circuit is not necessary ~ ® Selectable Output Format

e 25Msps Conversion Rate

for operation of the TDC1046. All digital inputs and ¢ Available In An 18 Pin CERDIP

outputs are TTL compatible. e Low Cost

The TDC1046 consists of 63 clocked latching compara-
tors, encoding logic, and an output buffer register. A
single convert signal controls the conversion operation.

The unit can be connected to give either true or Applications

inverted outputs in binary or offset two's complement e Low Cost Video Digitizing
coding. ¢ Medical Imaging
Features e Data Acquisition

e TV Special Effects
e Video Simulators
e Radar Data Conversion

® 6-Bit Resolution
e 1/4 LSB Linearity

¢ Low Analog Input Capacitance
¢ Available Per Standard Military Drawing

Functional Block Diagram
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(63)
TRW LSI Products Inc. Phone: (619) 457-1000 ©TRW Inc. 1990
PO. Box 2472 FAX: (B19) 455-6314 40601719 Rev. E—11/90

La Jolla, CA 92038

Printed in the US.A.
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Pin Assignments

VN 1 18 Rg
Ry 2 17 AgnD
Dgnp 3 16 Dgnp
NMINV 4 15 CONV
(MSB) Dy 5 14 Dg (LSB)
Dy 6 13 Dy
D3 7 12 Dy
Vee 8 11 NLINV
Vee 9 10 Vee

18 Pin CERDIP — B8 Package

Functional Description

General Information

The TDC1046 has three functional sections: a comparator
array, encoding logic, and output latches. The comparator
array compares the input signal with 63 reference
voltages to produce an N-of-63 code (sometimes referred
to as a "thermometer” code, as all the comparators
referred to voltages mare positive than the input signal
will be off, and those referred to voltages more negative
than the input signal will be on). The encoding logic
converts the N-of-63 code into binary or offset two's
complement coding, and can invert either output code.
This coding function is controlled by DC signals on pins
NMINV and NLINV. The output latch holds the output
constant between updates. '

Power

The TDC1046 operates from two supply voltages, + 5.0V
and —5.2V. The return for 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.

Reference

The TDC1046 converts analog signals in the range
VRB<V|N<XVRT into digital form. VRp (the voltage -
applied to Rp at the bottom of the reference resistor
chain) and VRT (the voltage applied to Rt at the top of
the reference resistor chain) should be between +0.1V
and —1.1V. VRT should be more positive than VRg

14

within that range. The voltage applied across the
reference resistor chain (VRT—VRp) must be between
0.8V and 1.2V. The nominal voltages are VRT=0.00V and
VRe=—1.00V. These voltages may be varied dynamically
up to 12.5MHz. Due to variation in the reference
currents with clock and input signals, Rt and 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.

Controls

Two function control pins, NMINV and NLINV are
provided. These controls are for DC (i.e., steady state)
use. They permit the output coding to be either straight
binary or offset two's complement, in either true or
inverted sense, according to the Output Coding Table.
These pins are active LOW as signified by the prefix “N”
in the signal name. They may be tied to V¢ for a logic
“1" and DgNp for a logic "0

Convert

The TDC1046 requires a CONVert (CONV) signal. A
sample is taken (the comparators are latched) within 5ns
{tsTo) after a rising edge on the CONV pin. This time is
tsT0. Sampling. Time Offset. The 63 to 6 encoding is
performed on the falling edge of the CONV signal. The
coded result is transferred to the output latches on the
next rising edge. The outputs hold the previous data a

" minimum time (tyQ) after the rising edge of the CONV

signal.

Analog Input

The TDC1046 uses strobed latching comparators which
cause the input impedance to vary with the signal level,
as comparator input transistors are cut-off or become
active. For optimal performance, the source impedance of
the driving circuit must be less than 50 Ohms. The input
signal will not damage the TDC1046 if it remains within
the range of VEg to +0.5V. If the input signal is at a
voltage between VRT and VRg, the output will be a
binary number between-0 and 63 inclusive. A signal
outside this range will indicate either full-scale paositive
or full-scale negative, depending on whether the signal is

“off-scale in the positive or negative direction.

TRW LSI Products Inc.
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Outputs

The outputs of the TDC1046 are TTL compatible, and of the CONV signal. Data is guaranteed to be valid
capable of driving four low-power Schottky TTL (54/74 after a maximum delay time (tp) after the rising edge of
LS) unit loads or the equivalent. The outputs hold the CONV. For optimum performance, 2.2 kOhm pull-up
previous data a minimum time (tHq) after the rising edge resistors are recommended.

Package Interconnections

Signal Signal a
Type Name Function Value B8 Package Pins
Power Vee Positive Supply Voltage +5.0V 8,10

VEE Negative Supply Voltage -52V 9

Dgnp Digital Ground 0.0v 3,16

AGND Analog Ground 0.0v 17
Reference VRT Reference Resistor (Top) 0.0V 2

VRB Reference Resistor (Bottom) -1.0v 18
Controls NMINV Not Most Significant Bit INVert TTL 4

NLINV Not Least Significant Bit INVert TTL "
Convert CONV Convert TTL 15
Analog Input VIN Analog Signal Input 0Vito -1V 1
Outputs Dy MSB Output TTL 5

Dy TTL 6

D3 TTL 7

Dy TTL 12

D5, TTL 13

Dg LSB Output TTL 14

Output Coding Table '

Binary Two’s Complement
Range True Inverted True Inverted
NMINV=1 0 0 1
15.8730mV Step NLINV=1 0 1 0
0.0000V 000000 1m1m 100000 [ARRRNI
—0.0159V 000001 111110 100001 011110

L] L] L] L] L]

L] L] L] L] L]

L] L] L] L] L]
—-0.4921V [ARRRNI 100000 M 000000
—0.5079V 100000 011111 000000 ARRARAI
—0.5238V 100001 011110 000001 111110

L] L] L] L] L]

L] L] L] L] L]

L[] . L] L[] " °
—0.9841V 111110 000001 011110 100001
—1.0000V mm 000000 01111 100000
Note: 1. Voltages are code midpoints when calibrated (see Calibration section).

TRW LSI Products Inc. 115
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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 d to Dgnp) -05 to +7.0V
Vg (m d to Agnp! +05to0 -7.0V
Agnp d to Dgnp) -05to +05V
Input voltages
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
Vin: VRT. VRB (measured to Agnp) +05 to Vg
VR (measured to Vgg) +12t0 -1V
Output
Applied voltage (measured to Dgyp) -05 to 5.5V2
Applied current, externally forced -10 to 6.0mA34
Short circuit duration (single output in high state to ground) 1 sec
Temperature
Operating, case -55 to +125°C
junction +175°C
Lead, soldering (10 seconds) +300°C
Storage ~65 to +150°C
Notes:

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

2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be 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
Voo Positive Supply Voltage (measured to Dgyp) 475 50 5.25 45 50 55 v
Ve Negative Supply Voltage (measured to Agyp) -49 -52 -55 -49 -52 -55 v
VAGND Analog Ground Voltage (measured to Dgyp) -0.1 00 0.1 -0.1 00 0.1 v
tPwL CONV Pulse Width (LOW) 15 . 15 ns
PWH CONV Pulse Width (HIGH) 17 17 ns
Vi Input Voltage, Logic LOW 08 08 v
Vin Input Voitage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 40 20 mA
loH Output Current, Logic HIGH -04 -04 mA
VRt Most Positive Reference Input -01 0.0 01 -01 00 AN
VR Most Negative Reference Input1 -09 -10 -11 -09 -10 -11 v
Vrr-Vgg Voltage Reference Differential 08 12 08 12 v
Vin Input Voltage VR VRT VR VRT v
Ta Ambient Temperature, Still Air 0 70
Tc Case Temperature -55 125 °C

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

TRW LSI Products Inc. 17
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Electrical characteristics within specified operating conditions
S p— ———————
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
lcc  Positive Supply Current Vg = MAX, static ! 20 25 mA
lgg Negative Supply Current Vg = MAX, static |
Tp = 0°C to 70°C -95 mA
Ty = 70°C -75 mA
Tg = -55°C to 125°C -150 mA
Tg = 125°C -75 mA
Ingr Reference Current Vg, Vgg = NOM 10 15 mA
Rpgp  Total Reference Resistance VRt - VRg = MAX 100 66 Ohms
Ry Input Equivalent Resistance VR VRg = NOM, Vi = Vg 40 a0 kOhms
Cpy  Input Capacitance 30 30 pF
Icg  Input Constant Bias Current Vgp = MAX 105 180 uh
I Input Current, Logic LOW Voo = MAX, V) = 0.5V CONV -04 -0.6 mA
NMINV, NLINV -06 -08 mA
IIH Input Current, Logic HIGH Voe = MAX, V) = 24V 50 50 uA
| Input Current, Max Input Voltage Voo = MAX, V) = 55V 1.0 10 mA
Vi Output Voltage, Logic LOW Vgg = MIN, Igp = 2 mA 05 05 v
Vgy  Output Voltage, Logic HIGH Voo = MIN, lgy = MAX 24 24 v
lpg  Short Circuit Output Current Vgg = MAX, One pin to ground, -30 -30 mA
one second duration, output HIGH
G 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 con(iitions
R A A P G TRy

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fs Maximum Conversion Rate Veg = MIN, Vgg = MIN 25 25 MSPS
tgrg  Sampling Time Offset Veg = MIN, Vg = MIN 5 10 ns
tn Output Delay Vgg = MIN, Vgg = MIN, Load 1 30 35 ns
tyo  Output Hold Time Vg = MAX, Vg = MAX, Load 1 5 5 ns

TRW LSI Products Inc.
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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 Error Integral, Independent VRT. VRg=Nom 0.4 0.4 %
Elp Linearity Error Differential 0.4 04 | %
CS Code Size VRT. VRg=Nom 50 150 50 150 % Nominal
Eyj  Offset Error, Top Vin=V&i ) 58 i 50 mV
Egg  Offset Error, Bottom Vin=VRB -30 -30 mV
Tco  Temperature Coefficient (Offset Voltage) +20 +20 wV/°C
BW  Bandwidth, Full Power Input 125 12.5 MHz
tyg Transient Response, Full-Scale 10 10 ns
SNR  Signal-to-Noise Ratio 12.5MHz Bandwidth,
25Msps Conversion Rate
Peak Signal/RMS Noise 1MHz Input 42 36 dB
12.5MHz Input 40 32 dB
RMS Signal/RMS Noise 1MHz Input 33 33 dB
12.5MHz Input 31 29 dB
Epnp  Aperture Error 30 30 ps
Calibration

To calibrate the TDC1046, adjust VRT and VRp to set
the 1st and 63rd thresholds to the desired voltages. In
the Functional Block Diagram, note that Ry is greater
than R, ensuring calibration with a positive voltage on
RT. Assuming a OV to —1V desired range, continuously
strobe the converter with —0.0079V on the analog
input, and adjust VRT for output toggling between codes
00 and 01. Then apply —0.9921V and adjust VRg for
toggling between codes 62 and 63. Instead of adjusting
VRT. RT can be connected to analog ground and the QV
end of the range calibrated with a buffer offset control.
R is a convenient paint for gain adjust that is not in
the analog signal path. These techniques are employed
in Figure 5.

Typical Interface Circuit

The TDC1046 does not require a special input buffer
amplifier to drive the analog input because of its low
analog input capacitance. A terminated low-impedance
transmission line (<100 Ohms) connected to the VN
terminals of the TDC1046 is sufficient if the input
voltage levels match those of the A/D converter.

However, many driver circuits lack sufficient offset
control, drive current, or gain control. The Typical

TRW LSI Products Inc.

Interface Circuit (Figure 5) shows a simple buffer
amplifier and voltage reference circuit that may be used
with the TDC1046. U2 is a wide-band operational
amplifier with a gain factor of —2. A small value
resistor, R12, serves to help isolate the input capacitance
of the A/D converter from the amplifier output and
insure frequency stability. The pulse and frequency
response of the buffer amplifier are optimized by variable
capacitor C12.

The reference voltage for the TDC1046 is generated by
amplifier U3 and PNP transistor Q1 which supplies the
reference current. System gain is adjusted by varying R9
which controls the reference voltage level to the A/D
converter.

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

1

Rl= ——
R _ _1_
ZIN 1000

19
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Typical Interface Circuit (cont.)

and

_7 — (1000 I
RZ=IIN ("'Tmom 1)

where VR is the input voltage range of the circuit, Zj is
the input impedance of the circuit, and the constant
1000 comes from the value of R3. As shown, the circuit

is set up for 1Vp-p 75 Ohm video input.

Figure 5. Typical Interface Circuit
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Standard Military DraWing

These devices are also available as products manufac-

the sole contralling document defining the SMD product.

Standard Military

Nearest Equivalent

tured, tested, and screened in compliance with Standard ~ Drawing TRW Product No. Package
Military Drawings (SMDs). The nearest vendor equivalent  5962-87786-01vA TDC1046B8V 18 Pin CERDIP_
product is shown below; however, the applicable SMD is
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1046B8C STD-Tp=0°C to 70°C Commercial 18 Pin CERDIP 1046B8C
TDC1046B8V EXT-Tg=-55°C to 125°C MIL-STD-883 18 Pin CERDIP 1046B8V
5962-87786-01VC EXT-Tg=-55°C to 125°C Per Standard Military Drawing 18 Pin CERDIP 5962-87786-01VC

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

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

7-Bit, 20Msps

The TRW TDC1047 is a 20Msps (l\/legaASample Per Features

Second] flprll lash) anaog ot coniete o gy Resolor
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frequency components up to 7MHz into 7-bit digital ® 1/2 LSB Linearity

words. A sample-and-hold circuit is not necessary. All e Sample-And-Hold Circuit Not Required

digital inputs and outputs are TTL compatible.

20Msps Conversion Rate
e Selectable Output Format

The TDC1047 consists of 127 clocked latching compar-
com ng comp o Avalable In 24 Pin CERDIP

ators, combining logic, and an output buffer register. A
single convert signal controls the conversion operation.

The unit can be connected to give either true or Applications
inverted outputs in binary or offset two's complement * Low-Cost Video Digitizing
coding.  Medical Imaging

The TDC1047 is pin and function compatible with TRW's ® TV Special Effects
TDC1027, and offers increased performance with lower ® Video Simulators

power dissipation. e Radar Data Conversion
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Pin Assignments

Vin 11 24 Viy
Ry 21 23 Ry
Agnp 3§ ) 22 Agnp
Dgnp 40 121 Dgnp
NMINV 5 [ ) 20 CONV
(MSB) Dy 6 [ 118 Dy (LSB)
Dy 77 118 Dg
D3 81 117 Dy
Dy 9¢ U 16 Vee
Vee 10 ¢ 115 NLINV
Ve 111 14 Vg
Agnp 12§ 13 Agnp

24 Pin CERDIP — B7 Package

Functional Description

General Information

The TDC1047 has three functional sections: a comparator
array, encoding logic, and output latches. The comparator
array compares the input signal with 127 reference volt-
ages to produce an N-of-127 code (sometimes referred
to as a “thermometer” code, as all the comparators
referred to voltages more positive than the input signal
will be off, and those referred to voltages more negative
than the input signal will be on). The encoding logic
converts the N-of-127 code into binary or offset two's
complement coding, and can invert either output code.
This coding function is controlled by DC signals on pins
NMINV and NLINV. The output latch holds the output
constant between updates.

Power

The TDC1047 operates from two supply voltages, + 50V
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- Al
power and ground pins must be connected.

Reference

The TDC1047 converts analog signals in the range
VRB<V|N<XVRT 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 —1.1V. VRT should be more positive than
VRB within that range. The voltage applied across the
reference resistor chain (VRT-VRB) must be between 0.8V

122

and 1.2V. The nominal voltages are VRT=0.00V and
VRB=—1.00V. These voltages may be varied dynamically
up to 7MHz. Due to variation in the reference currents
with clock and input signals, RT and Rg should be low-
impedance-to-ground points. For circuits in which the
reference is not varied, a bypass capacitor to ground is
recommended. If the reference inputs are exercised
dynamically as in an Automatic Gain Control (AGC)
circuit, a low-impedance reference source is
recommended.

Controls

Two function control pins, NMINV and NLINV are
provided. These controls are for DC {i.e., steady state)
use. They permit the output coding to be either straight
binary or offset twao's complement, in either true or
inverted sense, according to the Output Coding Table.
These pins are active LOW as signified by the prefix “N"
in the signal name. They may be tied to V¢ for a logic
“1" and Dgnp for a logic 0"

Convert

The TDC1047 requires a CONVert (CONV) signal. A
sample is taken (the comparators are latched) within the
Sampling Time Offset (tgq) of a rising edge on the
CONV pin. The 127 to 7 encoding is performed on the
falling edge of the CONV signal. The coded result is
transferred to the output latches on the next rising edge.
The outputs hold the previous data a minimum time
{tHo! after the rising edge of the CONV signal. This
permits the previous conversion result to be acquired by
external circuitry at that rising edge, i.e., data for sample
N is acquired by the external circuitry while the
TDC1047 is taking input sample N+ 2.

Analog Input

The TDC1047 uses strobed latching comparators which
cause the input impedance to vary with the signal level,
as comparator input transistors are cut-off or become
active. For optimal performance, both V| pins must be
used and the source impedance of the driving circuit
must be less than 30 Ohms. The input signal will not
damage the TDC1047 if it remains within the range of
VEE to +0.5V. If the input signal is between the VRT
and VRp references, the output will be a binary number
between 0 and 127 inclusive. A signal outside this range
will indicate either full-scale positive or full-scale
negative, depending on whether the signal is off-scale in
the positive or negative direction.

TRW LSI Products Inc.
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Qutputs

The outputs of the TDC1047 are TTL compatible, and previous data a minimum time (tyq) after the rising edge
capable of driving four low-power Schottky TTL (54/74 of the CONV signal.
LS) unit loads or the equivalent. The outputs hold the

Package Interconnections

Signal Signal
Type Name Function Value B7 Package Pins
Power Vee Positive Supply Voltage +5.0V 10, 16

VEE Negative Supply Voltage -52V 1,14

DgnD Digital Ground 0.0v 4, 21

AGND Analog Ground 0.0V 3,12, 13, 22
Reference Rt Reference Resistor (Top) 0.00v 2

Rg Reference Resistor (Bottom) —1.00v 23
Controls NMINV Not Most Significant Bit INVert TTL 5

NLINV Not Least Significant Bit INVert TTL 15
Convert CONV Convert TTL 20
Analog Input ViN Analog Signal Input 0Vto -1V 1,24
Outputs D, MSB Qutput TTL 6

Dy 7L 7

D3 TTL 8

Dy TIL 9

DS TTL 17

Dg TTL 18

Dy LSB Output TTL 19

TRW LSI Products Inc. 123
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Figure 1. Timing Diagram
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Absolute maximum ratings (beyond which the device will be damaged)'
Supply Vohtages
Vge (measured to Dgyyp) -05 to +1.0V
Ve (measured to Agyp) +05 to -7.0V
Agnp (measured to Dgyp) -05 to +05V
Input Voitages
CONV, NMINV, NLINV (measured to Dgyp) -05 to +55V
VIN' Vm’. Vm (measured to AGND) +05 to VEE
Vm’ (measured to VRB’ +22 to -2.2V
Output
Applied voltage (measured to Dgyp) -05 to 5.5V
Appiied current, externally forced -10 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 voitage must be current limited to specified range.

3. Forcing voltage must be limited to specified range.
4. Current is specified as positive when flowing into the device.

Temperature Range
Standard Extended
Parameter Test Conditions Min Nom Max Min Nom Max Units
Vee Positive Supply Voltage (measured to Dgyp) 475 50 5.25 45 5.0 55 )
Ve Negative Supply Voltage (measured to Agnp) -49 -52 -55 -49 -52 -55 v
VAGND Analog Ground Voltage (measured to Dgyp) -0.1 0.0 0.1 -0.1 0.0 0.1 v
towlL CONV Pulse Width, LOW i) 1" ns
tPwH CONV Pulse Width, HIGH 16 16 ns
iL Input Voitage, Logic LOW 08 08 v
Vi Input Voitage, Logic HIGH 20 20 v
loL Output Current, Logic LOW 40 20 mA
loH Output Current, Logic HIGH -04 -04 mA
Vet Most Positive Reference Input! -0.1 00 0.1 -0.1 00 0.1 v
‘_’BE Most Negative Reference Input! -08 -10 -11 -09 -10 -11
VRr-Vrg | Voltage Reference Differential 08 10 12 08 10 12
Vin Input Voitage VR VRT VRB VRT v
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature -55 125 °C
Note:
1. Vg7 must be more positive than Vgg, and voltage reference differential must be within specified range.
TRW LSI Products Inc. 125
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Electrical characteristics within specified operating conditions

Temperature Rangeb

Standard Extended

Parameter Test Conditions Min _Max Min Max Units
Icc Positive Supply Current Vg = Max, static 25 30 mA
g Negative Supply Current Vg = Max, static !

Ty = 0°C to 70°C -170 mA

Ty = 70°C -135 mA

Tg = -55°C to 125°C -220 mA

Tp = 125°C -130 mA
IREF Reference Current Vgt Vpg = Nom 3 50 mA
Rrer  Total Reference Resistance 2 2 Ohms
Rin Input Equivalent Resistance VRr. VR = Nom, Vi = Vgg 100 40 kOhms
Cin Input Capacitance 60 60 pF
Ics Input Constant Bias Current Vgg = Max 150 300 UA
L Input Current, Logic LOW Vg = Max, V) = 0.5V CONV -04 -0.6 mA

. NMINV, NLINV -06 -08 mA
Iy Input Current, Logic HIGH Voo = Max, V= 24V 50 50 uA
| Input Current, Max Input Voltage Voo = Max, V| = 55V 10 1.0 mA
VoL Output Voltage, Logic LOW Voo = Min, Igp = Max 05 0.5 v
VoH Output Voltage, Logic HIGH Voo = Min, lgy = Max 24 24 v
lgs Short Circuit Output Current Vge = Max, one pin to ground, -30 -30 mA
one second duration.

Cy Digital Input Capacitance Tp = 25°C, F = IMH: 15 15 pF
Note: -

1. Warst case, all digital inpvuts 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 Vgg = Min, Vgg = Min 2 2 MSPS
g0 Sampling Time Offset Vgg = Min, Vgg = Min 1 10 ns
1 Output Delay Vgg = Min, Vg = Min, Load 1 0 3 ns
tHo Output Hold Time Vgc = Max, Vgg = Max, Load 1 5 5 ns

126
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System performance characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min Max Units
k) Linearity Error Integral, Independent V1. Vgg = Nom 04 04 %
Ep Linearity Error Differential 0.4 0.4 %
[ Code Size VRt VRg = Nom 30 170 30 170 % Nominal
Vgr  Offset Voltage Top ViN = VRT +50 +50 mV
VoB Offset Voltage Bottom VIN = VRe -30 -30 mV
Tco  Temperature Coefficient +20 +20 uvree
BW Bandwidth, Full Power Input 1 1 MHz
R Transient Response, Full Scale 10 10 ns
SNR  Signal-to-Noise Ratio TMHz Bandwidth,

20MSPS Conversion Rate

Peak SignallRMS Noise 1MHz input 48 46 dB
TMHz Input 46 L dB
RMS Signal/RMS Noise 1MHz Input 39 3 dB

TMHz Input 37 35 dB
Epxp Aperture Error 50 50 ps
P Differential Phase Error' Fg = 4 x NTSC 15 15 Degree
DG Differential Gain Error ' Fg = 4 x NTSC 25 25 %
Note:

Output Coding

1. In excess of quantization.

Binary Offset Two's
Complement
Step Range True Inverted True Inverted
-1.0000V FS NMINV = 1 0 0 1
1.874mV STEP NLINV = 1 0 1 0
000 0.0000vV 0000000 nmm 1000000 0
001 -0.0078vV 0000001 1110 1000001 0111110
L] . (] L] L] L]
L] L] L] L] L] L]
L] L] L] L] L] L]
063 -0.4960vV 0nm 1000000 mm 0000000
064 -0.5039v 1000000 o1nm 0000000 nmm
L] L] L[] L] L] L]
L] L] L) L] L] L]
L] L] e L] L] L]
126 -1.9921v 1111110 0000001 0111110 1000001
127 ~-1.0000V mnn 0000000 011N 1000000
Note:

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

TRW LSI Products Inc.
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Calibration

To calibrate the TDC1047, adjust VRT and VRR to set the st
and 127th thresholds to the desired voltages in the block
diagram. Note that Rq is greater than R, ensuring calibration
with a positive voltage on R7. Assuming a OV to -1V desired
range, continuously strobe the converter with -0.0033V on the
analog input, and adjust VRT for output toggling between

codes 00 and 01. Then apply -0.9961V and adjust VRg for

toggling between codes 126 and 127. Instead of adjusting VRT,

path. These techniques are employed in Figure 5.

R can be connected to analog ground and the OV end of the
range calibrated with a buffer offset control. Rp is a
convenient point for gain adjust that is not in the analog signal

Figure 5. Typical Interface Circuit

+5V D
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1 v %
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2
FAIR-RITE
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Notes:

1. Unless otherwise specified, all resistors are 1/4W, 2%.

1000 R2
2. H] = ZIN -

1
3. R -

1000 + R2

(Zvnﬂ)-unm
VReF ZIN

TRW LSI Products Inc.
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Ordering Information

Product Temperature Range Screening Package Package
Number Marking
TDC1047B7C STD-Tp=0°C to 70°C Commercial 24 Pin CERDIP 1047B7C
TDC1047B7V EXT-Tg=-55°C to 125°C MIL-STD-883 24 Pin CERDIP 1047B7V

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

Life Support Policy — TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal Injury. INe User of 1KV LdI Frogucts Inc. components In lite SUPPOrt appiications assumes @il risk of
such use and indemnifies TRW LSI Products Inc. against all damages.
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TDC1048

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

The TRW TDC1048 is a 20Msps (MegaSample Per
Second) 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 pin package. All
digital inputs and outputs are TTL compatible.

Differential Phase 1 Degree

Nifferantial (Gain 2%

112 LSB Linearity

Guaranteed Monotonic

TTL Compatible Outputs

Selectable Data Format

Available In 28 Pin Plastic DIP, CERDIP, Or LCC

The TDC1048 consists of 255 clocked latching compar- MIL-STD-883 Compliant Screening Available
ators, combining logic, and an output buffer register. A ® Available Per Standard Military Drawing

single convert signal controls the conversion operation. e Evaluation Board — TDC1048E1C

The unit can be connected to give either true or e Also Available As A Complete Hybrid — THC1068
inverted outputs in binary or offset two's complement

coding. Applications

Features e |ow-Cost Video Digitizing

e Radar Data Conversion
e Data Acquisition
e Medical Imaging

¢ 8-Bit Resolution
e 720Msps Conversion Rate
e Sample-And-Hold Circuit Not Required

Functional Block Diagram ww

NLINV 1
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c\lu: O ——— (L |

Ry

Ry

R

7

L
i:isw
n:, y

8
A2 255 108 Dy
1 ENCODER :> LaTeH I> 8
Am

VW
Rmvin
R2

y
\z ...\5

& L
K33 DIFFERENTIAL
s (258) 131
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Pin Assignments
\J o Q
Dy(MsB) 1 [} 28 NMINV Szzzzz58
D ) 27 R <> >>> >
2 M SIRVEK
D, 40 125 Agnp
Dgnp 5 L 124 Vi Rg 26 [} 118 Ry
Vee 601 1238 Viy Ry 275 117 CONV
Vgg 7100 22 Viy NMINV 28 116 Dg(LSB)
Vgg 810 121 Vi Dy (MsB) 1 [ 115 Dy
Vgg 9L 120 vy D, 2] 114 Dg
Vee 10 [ 119 Agnp Dy 3] 113 D
Dgnp 11 [ 18 Ry Dy 410 112 NLINV
NLINV 12 ] gw CONV
DS 13E 16 Ds(LSB) [ g e e
S8HEHEES
n(p> = > > > c(_"

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

28 Contact Chip Carrier — C3 Package
28 Leaded Plastic Chip Carrier — R3 Package

Functional Description

General Information

The TDC1048 has three functional sections: a comparator
array, encoding logic, and output latches. The comparator
array compares the input signal with 255 reference
voltages to produce an N-of-255 code (sometimes
referred to as a "“thermometer” code, as all the compar-
ators below the signal will be on, and all those above
the signal will be off). The encoding logic converts the
N-of-255 code into binary or offset two's complement
coding, and can invert either output code. This coding
function is controlled by DC signals on pins NMINV and
NLINV. The output latch holds the output constant
between updates.

Power

The TDC1048 operates from two supply voltages, +5.0V
and —5.2V. The return for 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. Al
power and ground pins must be connected.

Reference

The TDC1048 coﬁverts analog signals in the range
VRR<CV|N=<XVRT into digital form. VRg (the voltage
applied to the pin at the. bottom of the reference resistor

132

chain} and VRT (the voltage applied to the pin at the top
of the reference resistor chain) should be between
+0.1V and —2.1V. VRT should be more positive than
VRB within that range. The voltage applied across the
reference resistor chain (VRT-VRR) must be between 1.8V
and 2.2V. The nominal voltages are VRT=0.0V,
VRR=—2.0V.

A midpoint tap, Ry, allows the converter to be adjusted
for optimum linearity, although adjustment is not neces-
sary to meet the linearity specification. It can also be
used to achieve a nonlinear transfer function. The circuit
shown in Figure 5 will provide approximately 1/2 LSB
adjustment of the linearity midpoint. The characteristic
impedance seen at this node is approximately 2209,
and should be driven from a low-impedance source. Note -
that any load applied to this node will affect linearity,
and noise introduced at this point will degrade the
guantization process.

Due to the variation in the reference currents with clock
and input signals, RT and Rg should be low-impedance-
to-ground points. For circuits in which the reference is
not varied, a bypass capacitor to ground is recom-
mended. If the reference inputs are exercised dynami-
cally, (as in an automatic gain control circuit), a low-
impedance reference source is required. The reference
voltages may be varied dynamically up to 5MHz

TRW LSI Products Inc.
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Control

Two function control pins, NMINV and NLINV are
provided. These controls are for DC (i.e., steady state)
use. They permit the output coding to be either straight
binary or offset two's complement, in either true or
inverted sense, according to the Output Coding Table.
These pins are active LOW, as signified by the prefix
“N" in the signal name. They may be tied to V¢ for a
logic “1"" and Dinin for a logic "0

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
tsT0. 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 tHQ, Output Hold
Time, after the rising edge of CONV. New data becomes
valid after a Digital Output Delay, tp, time. This permits
the previous conversion result to be acquired by external
circuitry at that rising edge, i.e., data for sample N is

acquired by the external circuitry while the TDC1048 is
taking input sample N+ 2.

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 25Q.
The input signal will not damage the TDC1048 if it
remains within the range of VEg to +0.5V. If the input
signal is between the VRT and VRp references, the out-
put 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.

Outputs

The outputs of the TDC1048 are TTL compatible, capable
of driving four low-power Schottky TTL (54/74 LS) unit
loads or the equivalent. The outputs hold the previous
data a minimum time (tqp) after the rising edge of the
CONVert signal. For optimum performance, 2.2 kQ pull-
up resistors are recommended.

Package Interconnections

Signal Signal B6, N6, C3, R3
Type Name Function Value Package Pins
Power Vee Positive Supply Voltage +5.0V 6, 10

VEE Negative Supply Voltage —5.2V 7,89

DgND Digital Ground 0.0v 5 11

AGND Analog Ground 0.0v 19, 25
Reference Ry Reference Resistor (Top) 0.0V 18

Rm Reference Resistor (Middle) —0.996V 27

Rg Reference Resistor (Bottom) -2.0V 26
Controls NMINV Not Most Significant Bit INVert TTL 28

NLINV Not Least Significant Bit INVert TTL 12
Convert CONV Convert TTL 17
Analog Input VIN Analog Signal Input 0V to -2V 20, 21, 22, 23, 24

TRW LSI Products Inc.
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Package Interconnections (cont.)

Signal Signal B6, N6, C3, R3
Type Name Function Value Package Pins
Outputs Dy MSB Output TTL 1
D, TTL 2
D3 TTL 3
Ds TTL 4
D5 TTL 13
Dg TTL 1
D; TTL 15
Dg LSB Output TTL 16
Figure 1. Timing Diagram
1_ tPWH | (pwl_ — -
Fg ‘
CONV SAMPLE SAMPLE
'SuAMPlE N+1 l N+2

ANALOG 'NW

— -

’<— s10

—+

DIGITAL OUTPUT ‘

DATA
N-1

XOXXXXX_E™ XXXXXX

DATA
N+1

X

tHo —=

—

——+—1tp

Figure 2. Simplified Analog Input Equivalent Circuit

Vin
|
|
R
R
VEE c
134

|
EFERENCE
ESISTOR
HAIN

Vin &I

Cin

VEEA

Ica

Ves

Cjy IS A NONLINEAR. JUNCTION CAPACITANCE
Vgp IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rg
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Figure 3. Convert Input Equivalent Circuit Figure 4. Output Circuits
+Vee
Veo O —¢ * - - Vee
10K % » 1; 8109
10 )
ouTPUT o—I—k—ﬂ
INPUT - PIN
h 4
% OUTPUT WpF Y IN3062 a
A A
AD1 =
OUTPUT EQUIVALENT  YEST LOAD FOR DELAY
CIRCUIT MEASUREMENTS

Output Coding Table

Binary Offset Two's Complement
Step Range True Inverted True Inverted
—2.0000V FS —2.0480V FS NMINV=1 0 0

1.8431mV Step 8.000mV Step NLINV=1 0 1 0

000 0.0000V 00000V 00000000 minm 10000000 071411111

001 —0.0078V —0.0080V 00000001 11111110 10000001 01111110
. L] L] L] L] L] L]
L] L] L] L] L] L] L]
L] L] L] * . L] L]

127 —0.9961V —1.0160V [LARRRRRNI 10000000 mmm 00000000

128 —1.0039V —1.0240V 10000000 0111111 00000000 minm

129 —1.0118V —1.0320V 10000001 01111110 00000001 11111110
L] L] L] L] L] L] L]
L] L] L] L] L] L] L]
L] L] L] L] L] * L]

254 —-1.9921v —2.0320V 11111110 00000001 01111110 10000001

255 —2.0000V —2.0400V minnm 00000000 o111 10000000
Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V for a logical “1 and tied to ground for a logical 0"

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

TRW LSI Products Inc.
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Absolute maximum ratings (beyond which the device may be damaged) '
Supply Voltages . P .
Ve (measured to Dgyp) ; -05to +7.0V
VEg (measured to Agnp) -eeeveees: S ; +05to —7.0V
AgNpD {measured to Dgnp) -05to +0.5V
Input Voltages :
CONV, NMINV, NLINV {measured to Dgnp) .- -05to +55V
VIN: VRT: VRB (measured to Agnp) +0.5 to Vg
VRT (measured to Vpg) ’ +22t0 —-2.2V
Output
Applied voltage (measured to Dgp) -0.5to +5.5V?
Applied current, externally forced -1.0 to +6.0mA 34
Short circuit duration (single output in HIGH state to ground) 1 Second
Temperature
Operating, ambient : S ~55t0 +125°C
junction +175°C
Lead, soldering (10 seconds) o . +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
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Temperature Range

Standard Extended
Parameter Min Nom | Max Min Nom: | Max | Units
Vee Positive Supply Voltage 4.75 5.0 5.25 4.50 5.0 550 V
VEg Negative Supply Voltage -49 -52 -55 -49 -52 -55 |V
VAGND Analog Ground Voltage (Measured to Dgp) -01 0 +0.1 -01 0 +01 ]V
thwL . CONV Pulse Width, LOW 18 18 ns
tPWH CONV Pulse Width, HIGH : 22 22 ns
ViL Input Voltage, Logic LOW 0.8 08 | V
\um Input Voltage, Logic HIGH 2.0 20 v
loL Output Current, Logic LOW 4.0 40 | mA
IoH Output Current, Logic HIGH —-400 —400 uA
VRT Most Positive Reference Input ! -0.1 0.0 0.1 -0.1 0.0 +0.1 \
VRB Most Negative Reference Input ! -1.9 -2.0 -21 -19 -2.0 =21 v
VRT-VRg  Voltage Reference Differential 1.8 2.0 22 1.8 2.0 22 f Vv
VIN Input Voltage VRB VRT VRB VRT \
TA Ambient Temperature, Still Air 0 70 °C
Te Case Temperature -55 125 °C
Note: 1. VR Must be more positive than Vg, and voltage reference differential must be within specified range.

TRW LSI Products Inc.
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended

Parameter Test Conditions Min Max Min | Max | Units
lcc Positive Supply Current Vg =Max, static ! 35 40 mA
Igg Negative Supply Current Vg =Max, static !

Tp=0°C to 70°C —260 mA

TA=7ﬂ°f‘. —185 mA

Te=-55°C to 125°C —-320 mA

Te=125°C —-180 mA
IREF Reference Current VRT. VRg=Nom 40 50 mA
Rrer  Total Reference Resistance 50 40 Ohms
Rin Input Equivalent Resistance VRT: Vgg=Nom, ViNy=VRgg 10 10 kOhms
CiN Input Capacitance VRT: VRg=Nom, Vin=VRB 100 100 pF
IcB Input Constant Bias Current VEg =Max 200 550 A
L Input Current, Logic LOW Vee=Max, V=05V

CONV -04 -04] mA

NMINV, NLINV -0.6 -06] mA
IH Input Current, Logic HIGH Voo =Max, V=24V 50 50 A
I Input Current, Max Input Voltage | Vcc=Max, V|=5.5V 1.0 1.0] mA
VoL Output Voltage, Logic LOW Vee=Min, lg =Max 05 05 V
VoH Output Voltage, Logic HIGH Vee=Min, Igy=Max 24 2.4 \
los Short Circuit Output Current Ve =Max, Output HIGH, one pin to -30 -30 mA

ground, one second duration max.
Cy 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 Vee=Min, Vgg=Min 20 20 Msps
tgtg  Sampling Time Offset Vee=Min, Vgg=Min 0 10 0 15 ns
tp Digital Output Delay Vee=Min, Vgg=Min, Load 1 30 35 ns
tHo Digital Qutput Hold Time Ve =Max, Vgg=Max, Load 1 5 5 ns

TRW LSI Products Inc. 1317
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System performance characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
E|)  Linearity Error Integral, Independent VRt VRg=Nom 0.2 021 %
Elp Linearity Error Differential 0.2 02} %
cS Code Size 25 175 25 175 % Nominal
Egr  Offset Error, Top ViN=VRT +40 +40 mV
Egg  Offset Error, Bottom Vin=VRB -30 -30 mV
Tco  Offset Error, Temperature Coefficient +20 +20 uVi°C
BW  Bandwidth, Full Power Input 7 5 MHz
tytp  Transient Response, Full-Scale 20 20 ns
SNR  Signal-to-Noise Ratio 20Msps Conversion Rate,
10MHz Bandwidth
Peak-Signal/RMS Noise 1.248MHz Input 54 53 dB
2.438MHz Input 53 52 dB
RMS Signal/RMS Noise 1.248MHz Input 45 44 dB
2.438MHz Input 44 43 dB
Epnp  Aperture Error 60 60 ps
DP Differential Phase Error Fg=4xNTSC 1.0 1.0 | Degree
DG  Differential Gain Error Fg=4xNTSC 2.0 20 %
NPR  Noise Power Ratio DC to 8MHz White Noise 36.5 36.5 dB
Bandwidth 4 Sigma Loading
1.248MHz Slot
20Msps Conversion Rate
Calibration

To calibrate the TDC1048, adjust VRT and VRR 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 RT. Assuming a 0V 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 Vgp for toggling between codes 62 and 63.

The degree of required adjustment is indicated by the
offset error, EQT and Egp. 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
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in the Functional Block Diagram. Calibration will cancel
all offset voltages, eliminating offset and gain errors.

The above method of calibration requires that both ends
of the resistor chain, RT and Rp, are driven by buffered
operational amplifiers. Instead of adjusting VRT, RT can
be connected to analog ground and the OV end of the
range calibrated with a buffer offset control. The offset
error at the bottom of the resistor chain results in a
slight gain error, which can be compensated for by
varying the voltage applied to Rg. The bottom reference
is a convenient point for gain adjust that is not in the
analog signal path. These techniques are employed in
Figure 6.

TRW LSI Products Inc.
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Typical Interface

Figure 6 shows an example of a typical interface circuit
for the TDC1048. The analog input amplifier is a bipolar
wideband operational amplifier, which is used to directly
drive the A/D converter. Bipolar inputs may be
accommodated by adjusting the offset control. TRW's
TDC4611 provides a stable reference for both the offset-
and gain control. All five V) pins are connected close to

can be adjusted to cancel the gain error introduced by
the offset voltage, Egp, as discussed in the Calibration
section.

Figure 5. Typical Reference Midpoint Adjust Circuit

R
the device package. and the buffer amplifier feedback . !
loop should be closed at that point. The buffer has a
gain of minus two, increasing a 1Vp-p video input signal 10K
to the recommended 2Vp-p input for the A/D converter.
Proper decoupling is recommended for all systems. x N A Tbc1048
The bottom reference voltage, VRB, is supplied by an -
inverting amplifier on the TDC4611, buffered with a PNP K
transistor. The transistor provides a low-impedance source
and is necessary to sink the current flowing through the N —e
reference resistor chain. The bottom reference voltage Rg
Figure 6. Typical Interface Circuit
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Evaluation Board

The TDC1048E1C is a Eurocard-style printed circuit board
designed to optimize the performance of, and to aid in
the evaluation of, the TDC1048 A/D converter. The board
dimensions are 100mm x 160mm with a standard 64 pin
double-row DIN male connector installed. A complemen-
tary 64 pin double-row DIN female connector is included
with the board. The circuitry on the board includes
reference voltage generator, wideband video input ampli-
fier, and TDC1048 8-bit A/D converter.

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

Power and Ground

Two power supply voltages are required for the operation
of the TDC1048E1C: Vgo=+5V and VEg=—5.2V. All
power inputs are decoupled to a solid ground planes,
AgNp and Dgnp- For best performance, all Agnp ad
DGND pins of the board are connected to power supply
ground and all ground pins be should be used.

Voltage Reference Generator

The TDC1048E1C has a voltage reference generator
circuit for driving the RB terminal of the TDC1048. With
RT grounded, a variable —2V is supplied to RB from U3
and Q1. The GAIN potentiometer provides +10%
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adjustment range on the RB voltage. Diodes D1 through
D4 act as clamps which protect the TDC1048 from
power-on conditions that might violate absolute
maximum ratings and damage the TDC1048.

Video Input Amplifier

The input amplifier of the TDC1048E1C, U2, has been
designed to accept a +0.5V input range and translate
that signal to the OV to —2V range of the TDC1048.
The output of this amplifier can be monitored at the J2
SMA connector which is connected to the Vy\ terminals
of the TDC1048 through a 4709 resistor. The OFFSET
potentiometer, R29, gives a +0.5V offset adjustment
range to the board.

A/D Converter Inputs

The clock to the TDC1048, CONV, is normally brought
onto the board through the SMA connector labeled
“CONV!" It is also routed to the edge connector pin B15.
The NMINV and NLINV inputs to the TDC1048 are
pulled HIGH with resistors R14 and R15 and are routed
to edge connector pins B13 and B6.

The analog signal input to the TDC1048E1C is brought
onto the board by way of the SMA connector labeled
"AIN” near pin 28 of the TDC1048. A terminating
resistor network, R1 and R2, is included on the board for
terminating analog input signal cable. The eight data
outputs of the TDC1048 are brought to edge connector
pins after registering data in U5.

TRW LSI Products Inc.
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TDC1048E1C Silkscreen Layout
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TDC1048E1C Circuit Side Layout
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TDC1048E1C Eurocard Edge Connector Pinout Mating Connectors for TDC1048E1C
AGND A32 B32 NC AMP 532507-2 Wire-wrap
AGND A31 B31 NC AMP 532507-1 Solder tail
AGND A30 B30 NC . .
:GND ﬁgg ggg :g Rob!nson-Nugent RNE-64BS-W-TG30 ere-wra.p
Agxg 27 il Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
AgNp A26 B26 NC Souriau 8609-264-6115-7550E1  Wire-wrap
:gxg PP B NGnp Souriau 8609-264-6114-7550E1  Solder tail
AgND A23 B23 NC Souriau 8609-264-6813-7550E1  Solder tai,
AgnD A22 B22 AgND right-angle
AgnD A21 B21 AN bend
AGND A20 B20 NC
NC A19 B19 NC
Dgnp Af8 B18 Vge
DgnD A17 B17 DgnD
DgNp A16 B16 DgND
DGND A15 B15 CONV
Dgnp A14 B14 D8 LSB
Dgnp  A13 B13 . NMINV
Dgnp A12 B12 Dq MSB
Dgnp AN B11 D
Dgnp A10 B10 DgnD
Dgnp A9 B9  DGND
DgnD A8 B8 D3
DgGND A7 B7 Dg
DGND A6 B6 - NLINV
DgnDp A5 . B5 Dg
DgnD A4 B4 Dg
Dgnp A3 B3 Dy
Dgnp A2 B2  DgND
DgnD Al B1  VEg
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Figure 7. Schematic of Evaluation Board
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Notes for Figure 7. Schematic of Evaluation Board

1. All capacitor values are in microfarads (uF).

All capacitor voltage ratings are 50WVDC unless otherwise noted.
All resistors are 1/8W unless otherwise noted.

All resistor values are in Ohms.

All diodes are 1N4001.

SIS N

Miscellaneous Evaluation Board Parts

Eurocard Connector Winchester 64P-6033-0430
DIN 41612B 2-Row 64-Contact
Board Mount Male

Eurocard Connector Winchester 64S-6033-0422-1
DIN 41612B 2-Row 64-Contact
Wire-Wrap Female

J1-J3 SMA Coax Connector Sealectro 50-651-0000-31 or

(J2, J3 not included) Omni-Spectra 2062-0000-00

L1, L2 Ferrite Bead Inductors Fair-Rite Products Corp.
2743001112
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Input Resistor Selection Table (Values in Ohms)

Input Voltage Range
N W v av 5V 10V
R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
50 0 523 .249 2.3 374 12.7 402 10 453 499
75 0 806 374 392 56.2 191 60.4 154 68.1 15
93 0 102 464 487 698 237 75 191 845 9.31
1k 0 Open 499 1k 750 332 806 249 909 110
For input voltage ranges and input impedances not and
covered by the Input Resistor Selection Table, the 1000 R2
following formulas may be used to calculate R1 and R2: Rl =2IN -
g Y N~ R2+1000
1
R2 = VR i where VR is the desired input voltage range of the
N * 1000 board, Zj\ is the desired input impedance of the board,

and the constant value 1000 is given by the value of R3.

Assembly for TDC1048E1C

6.600

vin _J_é_] 0 ?.'.“;‘.;3&”‘»3 ]

3840

g =

Note:

1. * not supplied.
2. Dimensions in inches.
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Ordering Information
Product Temperature Range Screening Package Package
Number Marking
5962-87600 01XC EXT-Tp=-55°C to 125°C Per Standard Military Drawing 28 Pin Ceramic DIP 5962-87600 01XC
TDC1048C3C STD-Tp=0°C to 70°C Commercial 28 Contact LCC 1048C3C
TDC1048C3V EXT-Tg=-55°C to 125°C MIL-STD-883 28 Contact LCC 1048C3V
5962-87600 013A EXT-Tg=-55°C to 125°C Per Standard Military Drawing 28 Contact LCC 5962-87600 013A
TDC1048R3C STD-T=0°C to 70°C Commercial 28 Leaded PLCC 1048R3C
TDC1048B6C STD-Tp=0°C to 70°C Commercial 28 Pin CERDIP 1048B6C
TDC1048B6V EXT-Tg=~-55°C to 125°C MIL-STD-883 28 Pin CERDIP 1048B6V
TDC1048N6C STD-Tp=0°C to 70°C Commercial 28 Pin Plastic DIP 1048N6C
TDC1048E1C STD-Tp=0°C to 70°C -- Eurocard Format Board TDC1048E1C

with A/D Converter

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

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

TRW LSI Products Inc.
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High-Speed A/D Converter
9-Bit, 30Msps

The TDC1049 is a flash (full-parallel) analog-to-digital
converter capable of converting analog signals with full-
nower frequency components un to 15MHz intg O bit
words at rates up to 30Msps (Megasamples Per
Second). A sample-and-hold circuit is not required. All
digital inputs and outputs are differential ECL.

The TDC1049 consists of 512 latching comparators,
encoding logic and an output register. A differential
convert signal controls the conversion operation. The
outputs can be connected to give either true or inverted
binary or offset two's complement formats.

Features

e 30Msps Conversion Rate, 15MHz Analog Bandwidth
e 9-Bit Resolution And Linearity

Ceramic Pin Grid Array
e Available Per Standard Military Drawing

Applications

e \/ideo Data Conversion
e Radar Data Conversion
¢ High-Speed Data Acquisition

Sample-And-Hold Circuit Not Required

Differential Phase 0.5 Degrees m
Differential Gain 1.0%

Overflow Flag

Single —5.2V Power Supply

Differential ECL Outputs
Available In A 64 Pin DIP, 68 Contact LCC And 68 Pin

Functional Block Diagram

512709
ENCODER

CONV }—— I'\
NV ) L~
v, \
N
Ry
Ry ) A
OFS - A
Ry <
b <
0 >
! v
Rg < A2
Prs ) M-
Swm q
Sk
b2 1 2 -
e 1./ A
[ ~ .
.
3R
25 >
‘b
Mo S
Fm ) M
>
3: RI2 = _
b L 7
T A .
3R e
51
>
<
Ry S 2 DIFFERENTIAL
Res ) AA COMPARATORS
/ Y 512)
e ) A
B ) Wy

LATCH

2
——— OVF, OVF
18

o

Di_g
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Pin Assignments

g 10 @

] 64
[ 63
[ 62
[ 6t

[

5
Dy L5
D (LSB)
DaNp
CONV
CoNV
Danp
Rrs
OFS
Ry

NC

YiN

Rgs
Denp

Danp
ovF

OVF

D, (MSB)
B (Ms8)
0y

64 Pin DIP — JO Package

5 10}
Dg(LsB) 2[]
DiLs8) 30}

Ogp 40}
cow 5]
conv 6]
ogno 70}
Rrs 80}
ofs o]

ovF 2]
Dy (MsB) 30[]
By (s8) 31 [}
0, %]

[33

64 Pin DIP — J3 Package

60 NC
59 Ry
58 iy
57 Agnp
56 NC
5 Agnp
5 iy
53 Vg
52 Ry
51 NC
50 Viy
43 Agnp
48 Agnp
47 NC
4% Viy
45 NC
4 Rg

OFS 61
R 62
CONV 63 r
CONV 64
DOgnp 65
Dg (LSB) 66
Dy (LSB) 67
[ ]

F&

B o NwDm e wN

Dy
D5
Dg
D5

D5
NC
AgNp

68 Contact LCC — C1 Package

43 Rgg
42 NC

41 Denp
0 OVF

33 OVF

38 Dy (MSB)
37 Dy (MSB)
* Dy

3% B,

n 0y
B0
2D,
31D,

3 NC

29 NC

28 NC

21 Agnp

Pin Assignments

68 Pin Ceramic Pin Grid Array, G8 Package

Pin | Name | Pin | Name | Pin | Name | Pin | Name
A2 NC B9 VEEA F10 Dg K4 AgnD
A3 | Vggp | B1O | NC F11 | Dy K5 | Vin
A4 | NC BT | Agnp | 61 | Dy K6 | VN
A5 | NC C1 | NC G2 | Dy K7 | NC
AB NC c2 NC G10 | Dg K8 AGND
A7 | NC C10 | D G11 | Dg K9 | Vin
A8 | NC C11 | NC H1 | OVF K10 | Ryg
A3 | NC DI | Dy H2 | OVF K11 | CONV
A0 | Vggp | D2 | D4 H0 | Dgnp | L2 | NC

BI | NC D10 | Dg H11 | Dg L3 | NC

B2 | Agnp | D11 | Dg Ji | NC L4 | Agnp
B3 VEEA E1 D3 J2 DgND L5 Rwm
B4 | Vgga | E2 | D3 Jio | CONV | L6 | NC

B5 VEEA E10 | Dy Ji DgND L7 VIN
B6 | Vega | E11 | Dg Ki | Rgg L8 | Agnp
B7 VEEA F1 Dz K2 RB L9 Rt

B8 | NC F2 | Dy K3 | VN Lo | ovs
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Functional Description

General Information

The TDC1049 has three functional sections: a comparator
array, encoding logic and output register. The comparator
array compares the input signal with 512 reference
voltages to produce an N-of-512 code or “thermometer”
code. The comparators referenced to voltages less than
the input signal will be on and those referenced to
voltages greater than the input signal will be off. The
encoding logic converts the N-of-512 code into 9-bit
binary data. The output register holds the output
between updates.

Power

For optimum performance, separate analog and digital
power, VEgA and VEED should be supplied to the
TDC1049. Separate analog and digital -power supplies or
a common supply with separate analog and digital paths
and high-frequency decoupling can be used. The return
path for the current drawn from VEga and VEED is
AgND and DgnD. respectively. The returns Agnp and
DGND should also be kept separate and connected
together at the power supply terminals. It is recom-
mended that provisions be made on the printed circuit
board for shorting jumpers between analog and digital
ground as close to the A/D converter as possible. The
installation of the jumpers depends upon the printed
circuit board layout and overall system performance once
the system is in operation. The voltage difference
between VEga and VEgp must be less than +0.1V. The
same voltage difference limit applies to the difference
between AgNnD and Dgnp. All power and ground inputs
to the converter must be connected.

Reference

The TDC1049 converts analog signals in the range
VRB<V|N<VRT into digital form. VRR [the voltage
applied to Rp) at the bottom of the reference resistor
chain, and VRT (the voltage applied to Ry) at the top of
the reference resistor chain, should both be between
+0.1V and —2.1V. Within that range, VRT must be
more positive than VRB. The linearity specification is
based upon a 2.0V difference between VRT and VRp.
The nominal voltages are VRT=0.0V and VRg=—2.0V.
To avoid damage to the converter, the voltage across
VRT and VRR must not exceed 2.2V. A decoupling
capacitor is recommended between Rg and Agnp. Noise
introduced at this point, as well as the other reference
inputs (RT, Rts, Rm. RRs. OFS), may result in encoding
errors.

TRW LSI Products Inc.

A midpoint tap, Ry, allows the converter to be adjusted
for optimum integral linearity. It can also be used to
achieve a nonlinear transfer function, but adjustment of
R\ s not required to meet 9-bit linearity. If this node is
driven by external circuitry, it should be driven from a
low-impedance source; if not used, it must be left open.

Parasitic resistances, R1 and R2, introduce offset errors
at the top and bottom of the reference resistor chain.
the effect of these offset errors. Overflow Sense (OFS)
may be used to reduce the effect of the offset at the
overflow (most positive) comparator whenever the
Overflow (OVF, OVF) flags are used. Sense points are not
required for 9-bit linearity and, if not used, they must be
left open.

Convert

The TDC1049 requires a differential ECL clock (CONV
and CONV) signal. The conversion occurs (the
comparators are latched) within. tgTg (Sampling Time
Offset) of the rising edge of CONV. The 512 to 9
encoding is performed on the falling edge of the CONV
signal. The coded result is transferred to the output
register on the next rising edge of CONV. Data for
sample N is available at the output tp (Output Delay
Time) after the rising edge of sample N+1.

Analog Input

The TDC1049 uses latching comparators which are
connected to the analog inputs V). For optimal
performance, the source impedance of the driver
amplifier should be less than 25Q. The input signal will
not damage the TDC1049 if it remains within the range
of VEga to +0.5V. If the input signal is between the
VRT and VRB, the output will be a binary number
between 0 and 511 inclusive. All five analog inputs must
be connected.

Outputs

The outputs of the TDC1049 are differential ECL. The
recommended pull-down resistance is 500Q to —2V,

or a 220/330% termination between Dgnp and VEED.
The OVF signal indicates that the analog .input has
exceeded the threshold of the most positive comparator.
Data is held valid at the output register for at least
tHo (Output Hold Time) after the rising edge of CONV.
New data becomes valid tpy after the rising edge of
CONV.
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No Connects

There are several pins labeled NC {No Connect). These
pins are not connected internally and may be either left
open or connected to analog ground to aid heat transfer
from the package and to reduce electrical noise.

Package Interconnections

gllag::a' Function Value | JO Package Pins | J3 Package Pins | C1 Package Pins | G8 Package Pins

VEEA | Analog Supply Voltage —52V ] 46,4851 14,17,19 14,16, 18, 20, 21 B9, B7, B6, B5, B4

VEgp | Digital Supply Voltage -52V 4354 11,22 13,22 ' A3, A10

DgND | Digital Ground 0.0V }4,7,2627 38, 39, 58, 61 41,65 J2,J11, H10

AGND | Analog Ground 0.0V ] 13,14,19,20,40,57 | 8,25,45,46,51,52 | 9,27,48,49,5557 | B2, K4, L4,K8, L8,

B11

Rt Reference Resistor, Top 0.0v 10 55 59 L9

RTS Reference Resistor, Top Sense 00V |8 57 62 K10

Rp Reference Resistor, Bottom —-20V |24 4 44 K2

RBS Reference Resistor, Bottom Sense] —2.0V |25 40 43 K1

Rm Reference Resistor, Midpoint -1.0v 17 48 52 L5

OFS Overflow Sense 0.0V |9 56 61 L10

CONV | Convert ECL 5 60 64 J10

CONV | Convert, Complement ECL |6 59 63 K11

VIN Analog Signal Input 0Vto —2V | 12,15, 16, 18,22 43, 47, 49, 50, 53 48, 50, 53, 54, 58 K3, K5, K86, L7, K9

D1 MSB| Most Significant Bit ECL 30 35 38 G1

D1 MSB] Most Significant Bit Complement ECL 31 34 37 G2

D2 ECL 32 33 36. F1

Dy ECL 33 32 35 F2

D3 ECL 34 31 34 E1

D3 ECL 35 30 33 E2

Dy ECL 36 29 32 D1

Dy ECL |37 28 31 D2

Dg ECL 58 7 7 C10

D5 ECL |59 6 6 D11

Dg ECL 60 5 5 D10

Dg ECL |81 4 4 E11

Dy ECL 62 3 3 E10

D7 ECL |63 2 2 F11

Dg ECL 64 1 1 F10

Dg ECL |1 64 68 G

Dg LSB | Least Significant Bit ECL 2 63 67 G10

Dg LSB | Least Significant Bit Complement ECL |3 62 66 H11

OVF Overflow Output ECL 28 37 40 H2

OVF Overflow Output Complement ECL 29 36 39 H1

NC No Connect Open | 11,21,23,38,39,41,} 9,10,12,13,15,16, | 8,10, 11,12,15,17, | B1,C2,C1,J1,L2,
42,44, 45,47, 49,50,] 18,20, 21, 23, 24, 19, 23, 24, 25, 26, 28, | L3, L6, K7, C11, B10,
52, 53, 55, 56 26, 27,42, 44,54 29,30, 42, 45,47,51, | A9, B8, A8, A7, A6,

56, 60 A5, B4, A4, A2
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Output Coding Table '

Vin OVF Dq Dg
MSB LSB
+0.0039V 1 000000000
0.0000V 0 000000000
—0.0039V 0 000000001

L] L] L]

L] L] L]

L] . L]
—0.9980V 0 (VIRNRRNAN]
—1.0020V 0 100000000
—1.0059V 0 100000001

L] L] L]

L] L] L]

L] L] Ll
—-1.9961V 0 111111110
—2.0000V 0 M
Note: 1. Voltages are code midpoints.

Figure 1. Timing Diagram

SAMPLE
N N+2
ANALOG INPUT

DIGITAL OUTPUT

Ho

Figure 2. Simplified Analog Input Equivalent Circuits

' Vm 0 ‘ . 2
|
R
Vin Ics IN
|
|
VB
REFEHENCE
RESISTOR Cin IS A NONLINEAR JUNCTION CAPACITANCE

Vee CHAIN Veen Vpg IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rg
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Figure 3. Digital Input Equivalent Circuit Figure 4. Output Circuits
D —
Denp oND © J/l
< ‘ I‘
4 —-g —O D
_ o D
CONV CONV e
5K ;: 5K
VEeD © .
OUTPUT EQUIVALENT CIRCUIT
E?JTPUT o »
PIN 20pF ==
Ve I 50092
LOAD 1
TEST LOAD FOR DELAY -2ov
MEASUREMENTS
Figure 5. CONVert, CONVert Switching Levels
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T — — — — — — — VcMmmN
v AN
10F X N
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Absolute maximum ratings (beyond which the device may be damaged) '

Supply Voltages

VEED (measured to DGND) +0.5t0 —7.0V
VEga (measured to Agyp) +0.5 to —7.0V
AGND (measured to DGND] +1.0to —1.0V
VEga (measured to VEgp) +0.5to —05V

Input Voltages 2

CONV, CONV (measured to Dgyp) +0.5 to Vg

‘V’|N' ‘V'RT' VRB {neasured iv AGND; +0.5 W@ Vi

VRT (measured to Vgpg) +2.5t0 2.5V
Qutput

Short-circuit duration (single output in HIGH state to ground) Infinite
Temperature

Operating, case ... —60 to +140°C

junction +175°C

Lead, soldering (10 seconds) +300°C

Storage —65 to +150°C
Notes: 1. Absolute maximum ratings are limiting values applied individually while all other parameters are within specified operating conditions.

Functional operation under any of these conditions is NOT implied.
2. Applied voltage must be current limited to specified range.

Operating conditions

Temperature Range

Standard Extended
Parameter Min | Nom Max Min Nom Max Units
VEED Digital Supply Veltage (measured to Dgyp) -49 -52 -55 -49 -52 -55 v
VEEA Analog Supply Voltage (measured to Agyp) -49 -52 -55 -49 —-5.2 -55 v
VAGND Analog Ground Voltage (measured to Dgyp) -01 0.0 +0.1 -01 0.0 +0.1 Vv
VEea—Vgep  Supply Voltage Differential -0.1 0.0 +0.1 -01 0.0 +0.1 \
tpwiL CONV Pulse Width, LOW 12 12 ns
tPWH CONV Pulse Width, HIGH 15 15 ns
Viem Input Voltage, Common Mode -05 -25 -05 =25 | V
ViDF Input Voltage, Differential 03 12 0.3 12 Vv
ViN Input Voltage Range VRB VRT VRB VRT vV
VRT Most Positive Reference Input ! -0.1 0.0 0.1 -0.1 0.0 +0.1 v
VRrB Most Negative Reference Input ! -19 -20 =21 -19 -20 -21 v
VRT-VRB Voltage Reference Differential 1.8 2.0 22 18 2.0 2.2 \Y
Ta Ambient Temperature, Still Air 0 70 °C
Tc Case Temperature —55 125 °C
Note: 1. Vgr Must be more positive than Vpg, and voltage reference differential must be within specified range.
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Electrical characteristics within specified operating conditions
Temperature Range
Standard. Extended
Parameter Test Conditions Min Max Min Max Units
IEe Supply Current VEep: VEga=Max
Tp=0°C to 70°C —950 mA
Tp=70°C —1750 mA
Tg=—55°C to 125°C - 1090 mA
Tg=125°C ~750 mA
IRgg Reference Current VRT, VRg=Nom 10 36 10 36 mA
Rrep  Total Reference Resistance 56 200 56 200 Ohms
Rin Input Equivalent Resistance VRt VRg=Nom, V|N=VRp 16 16 kOhms
Cin Analog Input Capacitance VRT, VR=Nom, V;N=Vgp 160 160 pF
IcB Input Constant Bias Current VEEA=Max, VIN=0V 500 750 pA
|| Input Current, CONV, CONV Vegp=Max, Vj= -0V 150 180 pA
VoL Output Voltage, Logic LOW ! Vegp=Nom -1.6 -15 \'
Vgy  Output Voltage, Logic HIGH ' Vegp=Nom -0.95 =11 \
G Digital Input Capacitance Tp=25°C, f=1MHz 20 20 pF
Note: 1. Test Load=5002 to —2V on each output.
Switching characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fg Maximum Conversion Rate VEep VEga=Min 30 30 Msps
tgtg  Sampling Time Offset VEep: VEga=Min -2 6 -2 6 ns
tp Output Delay ! Veep: VEga=Min 27 27 ns
tHo Output Hold Time ! VEED: VEga=Min 3 3 ns
Note: 1. Test Load=5002 to —2V on each output, Cgap=20pF.
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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 Error Integral, Independent | Vg, VRg=Nom 0.15 020 %
VRT. VRg=Nom, Vg Adjusted 0.10 010 %
Eip Linearity Error Differential VRT, VRg=Nom 0.1 0.1 %
Q Code Size VRT. VRg=Nom 15 185 15 185
Egrs  Offset Error, Top Vin=VRT. Ryg Connected +4 +4 mV
Egr  Offset Error, Top ViIN=VRT 30 30 mV
Eggs  Offset Error, Bottom Vin=VRp. Rgg Connected +4 +4 mV
Egs Offset Error, Bottom ViN=VRB -30 -30 mV
Teg  Offset Error, Temperature Coefficient 20 20 wviI°C
tTR Transient Response, Full-Scale 20 20 ns
BW Bandwidth, Full Power Input +0.9dB Frequency Response 15 15 MHz
SNR Signal-to-Noise Ratio 30Msps Conversion Rate,
10MHz Bandwidth
Peak Signal/RMS Noise 1.25MHz Input 57 57 dB
5.0MHz Input 53 53 dB
RMS Signal/RMS Noise 1.25MHz Input 48 48 dB
5.0MHz Input 44 44 dB
Epp Aperture Error 50 50 ps
DP Differential Phase Error Fg=4 x NTSC 0.5 0.5 Degree
DG Differential Gain Error Fg=4x NTSC 15 15 %
Typical Performance Curves
A. Power Supply Current vs. Temperature B. SNR vs. Analog Input Frequency
60
—~450 b~
T sw |- g™
[ - -
;—550 Z2 nl
= 600 [ u
> -650 |- g wf
& 7
E-m |- £
@ 32 20
5750 |- 2
2 o0 |- @
a o 10—
-850 |- =
| 1 | 1 1 1 1 0 | | L1 1 | I |
-55°  -25° 0° 25°  50°  75°  100°  125° 1.248 2.433 358 5 7 8 9 11 12 13 14 15

CASE TEMPERATURE (°C)
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Evaluation Board

The TDC1049E1C1 is a Eurocard-style printed circuit
board designed to optimize the performance of, and to
aid in the evaluation of, the TDC1049 A/D converter. The
board dimensions are 100mm x 160mm with a standard
64 pin double-row DIN male connector installed. A
complementary 64 pin double-row DIN female connector
is included with the board. The circuitry on the board
includes reference voltage generator, wideband video
input amplifier, AC-coupled differential clock generators
for the A/D converter and output register, and a
TDC1112 12-bit D/IA converter which may be used in
evaluating certain parameters of the TDC1049.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the top is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
1/0 and clocks. The board is calibrated and tested at the
factory and is supplied complete with TDC1049 and
TDC1112 installed.

The TDC1049E1CT is based upon the TDC1049G8C
integrated circuit packaged in a 68 pin ceramic pin grid
array style package. It supersedes the TDC1049E1C
which is based upon the TDC1049J0C 64 pin DIP
package.

Power and Ground

Four power supply voltages are required for the opera-
tion of the TDC1049E1C: V= +5V, VEg=-5.2V,

V+ =415V and V—=—15V. All power inputs are
decoupled to a single solid ground plane, GND. All GND
pins of the board are connected to the ground plane and
it is recommended that all GND pins be used.

Voltage Reference Generator

The TDC1049E1CT has two voltage reference generator
circuits for driving the RT and RB terminal of the
TDC1049. The RT generator, U5D-Q1, drive the RT
terminal to 0.0V. A variable —2V is supplied to RB from
U5C and Q2. The GAIN potentiometer provides +10%
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adjustment range on the RB voltage. Diodes D3 through
D10 act as clamps which protect the TDC1049 from
power-on conditions that might violate absolute
maximum ratings and damage the TDC1049.

" Video Input Amplifier

The input amplifier of the TDC1049E1C, U4, has been
designed to accept a +0.5V input range and translate
that signal to the OV to —2V range of the TDC1049.
The output of this amplifier can be monitored at the
AOUT SMA connector which is connected to the V|N
terminals of the TDC1049 through a 4709 resistor. The
OFFSET potentiometer, R27, gives a +0.5V offset
adjustment range to the board.

A/D Converter Inputs

The clock to the TDC1049, CONV, is normally brought
onto the board through the SMA connector labeled
“CONV." By installing jumper J1, this signal is routed
through the edge connector pin B2. A terminating
resistor, R41 is installed on the board for terminating a
509 clock signal cable. The clock generator accept
virtually any waveform and provides differential ECL
signals to the TDC1049. The duty-cycle of the TDC1049
clock may be adjusted by installing the 2 k@ "“PW"
potentiometer, R42.

The analog signal input to the TDC1049E1C1 is brought
onto the board by way of the SMA connector labeled
“AIN” A terminating resistor, R17, is included on the
board for terminating a 509 analog input signal cable.

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

The nine data outputs of the TDC1049 (after registers
U2 and U3) are brought to edge connector pins B3
through B11. These pins are located directly across the
edge connector from the corresponding data inputs of
the TDC1112 D/A converter to simplify connection of A/D
outputs to D/A inputs.

TRW LSI Products Inc.
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D/A Converter Inputs pins B27 and B26. Lpad resistors of 51.1Q are provided
The clock to the TOCT112, CLK, is normally brought ggatrt&e board to facilitate 50Q cable connection to the

onto the board through an SMA connector labeled
“CLK" near pin 16 of the TDC1112. The clock input to Potenti ; ;

. . otentiometer R11 is used to adjust the reference voltage
B34 Resistors, 7 and 8, proide 3 Thevern saunlont (0 16 TOCTI12. Tis vaage s adsted o —10 as
1300 termination for the CONV signal. R and R6 bias ot Of the factory test and calibration procedure.

}he FDNV input to the TDC1112 near the ECL threshold Placing a jumper in the location labeled “FT" will put
evel. the TDC1112 into feedthrough (unclocked) mode. This a
eliminates the requirement for a D/A clock signal, but

DA converter outputs are brought to SMA connectors will degrade the fidelity of the TDC1112 reconstruction.

labeled OUT+ and OUT- as well as edge connector

TDC1049E1C Silkscreen Layout

o P e g JDC1@4OE1C]

j Soc )

& g TC1112

1S

8. m.m

| S

N 1] ]

a'~cu< “’Ioln

s 940(:, Qo,ém T0C1049 i CEE 2 @
U] —— & BEEQE,

@ B Z AER Y 0 . <7 S—
I =

- [17] o —
j., —— {EF orreET
o BOARD 4@X@6111 REV. A  ASSEMBLY 90X@6112 REV. :}

TRW LSI Products Inc. 157



TDC1049 TRy

TDC1049E1C Component Side Layout
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TDC1049E1C Eurocard Edge Connector Pinout

GND A32 B32 Vg (+5V)
GND A31 B31 NC
GND A30 B30 V- (-15V)
GND A29 B29 NC
GND A28 B28 V+ (+15V)
GND A27 B27 D/A OUT-
GND A26 B26 D/A OUT+
GND A25 B25 NC
GND A24 B24 D/A CONV
GND A23 B23 D/A CONV
GND A22 B2 NC
GND A21 B21 GND
GND A20 B20 NC
GND A19 B13 Vg (-52V)
GND A18 B18 NC
GND A17 B17 GND
GND A16 B16 NC
GND A15 B15 NC
GND A14 B14 Vg (-52V)
GND A13 B13 NC
GND A12 B12 NC
D/A Dy MSB A1l Bi1 A/D Dy MSB
NCD/A Dy A10 B10 A/D Dy
D/A D3 A9 B9 A/D D3
DA Dg A8 B8 A/D Dy
D/A D5 A7 B7 A/DDs
D/A Dg A6 B6 A/D Dg
D/AD; A5 B5 A/D Dy
D/A Dg A4 B4 A/D Dg
D/A Dg LSB A3 B3 A/D Dg LSB
A/D CONV A2 B2  A/D CONV
GND A1 B1  GND

Mating Connectors for TDC1049E1C

AMP 532507-2 Wire-wrap
AMP 532507-1 Solder tail
Robinson-Nugent  RNE-64BS-W-TG30 Wire-wrap
Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
Souriau 8609-264-6115-7550E1  Wire-wrap
Souriau 8609-264-6114-7550E1  Solder tail
Souriau 8609-264-6813-7550E1 ~ Solder talil,
right-angle
bend
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Figure 6. TDC1049E1C A/D Converter Schematic Diagram
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Standard Military Drawing

These devices are also available as products manufac-
tured, tested, and screened in compliance with Standard

Standard Military
Drawing

Nearest Equivalent
TRW Product No.

Package

Military Drawings (SMDs). The nearest vendor equivalent :::;:::;;g:?g gg:g:gjgx ZZ gf" ge’a'"fc E:E
product is shown below; however, the applicable SMD is =222 e - c'"t e;a;f -
the sole controlling document defining the SMD product. it gniacl M Larler
Ordering Information
Product Temperature Range Screening Package Package
Number Marking
TDC1049J0C STD-Tp=0°C to 70°C Commercial 64 Pin Ceramic DIP 1049J0C
TDC1049J0V EXT-Tg=-55°C to 125°C MIL-STD-883 64 Pin Ceramic DIP 1049J0V
5962-88532 01XC EXT-Tg=-55°C to 125°C | Per Standard Military Drawing | 64 Pin Ceramic DIP 5962-88532 01XC
TDC1049C1C STD-Tp=0°C to 70°C Commercial 68 Contact Ceramic LCC | 1049C1C
TDC1049C1V EXT-Tg=-55°C to 125°C | MIL-STD-883 68 Contact Ceramic LCC 1049C1V
5962-88532 01ZA EXT-Tg=-55°C to 125°C | Per Standard Military Drawing | 68 Contact Ceramic LCC 5962-88532 01ZA
TDC1049G8C STD-Tp=0°C to 70°C Commercial 68 Pin Ceramic PGA 1049G8C
TDC1049G8V EXT-Tg=-55°C to 125°C MIL-STD-883 68 Pin Ceramic PGA 1049G8V
TDC1049E1C STD-Tp=0°C to 70°C -- Eurocard PC Board TDC1049E1C

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

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

The TRW TDC1058 is a flash analog-to-digital converter
capable of converting a video-speed signal into a stream
of 8-bit digital words at 20Msps (MegaSamples Per
Second). Since the TDC1058 is a flash converter, a
sample-and-hold circuit is not required.

The TDC1058 consists of 255 clocked latching compar-
ators, combining logic, and an output register. A single
convert clock controls the conversion operation. The unit
can be configured to give either true or inverted outputs
in binary or offset two's complement coding. Al digital
1/0 is TTL compatible.

Features

8-Bit Resolution

DC To 20Msps Conversion Rate

7MHz Full-Power Bandwidth

60MHz Small Signal —3dB Bandwidth
1/2 LSB Linearity

600mW Power Dissipation

e +5V Single Supply Operation

® | nwnact Nact

e Pin Compatible With CXA1096P, ADC-304
e Sample-And-Hold Circuit Not Required

e Analog Input Range +3V To +5V

e Differential Phase 0.5°

e Differential Gain 1%

e Selectable Data Format

e Available In Plastic DIP, CERDIP And PLCC

Applications

e Digital Television

PC-Based Data Acquisition

Video Digitizing

Medical Imaging

High Energy Physics

Low Cost, Low Power, High-Speed Data Conversion

Pin Assignments

Dy (MsB) 1 [ 128 NMINV
D, 211 127 Ry
Dy 3] 126 Rp
D, 410 125 Voea

Dgnp 5 (] 124 NC
Veep 6 03 023 v
Agnp 7 [0 122 NC
Agnp 8 [0 021 Vg
Agnp 9 [ [120 NC
VCCD 10 [] 119 VCCA
Dgnp 1t [ 118 Ry
NLINV 12 ] 117 CONV
Dg 13 [ 116 Dg(LSB)
Dg 14 [] 115 D;

21209A

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

<< <<
So 2o 20 8
>Z>2> 2>
RIRINSRD
oo oo
R 26 118 Ry
Ry 27 [l 17 CONV
NMINV 28 1 16 Dg (LSB)
Dy (MsB) 1 115 D;
D, 2 ] 14 Dg
D; 3 113 Dy
D, 4 1 12 NLINV
T d el d ed
n w M~ o o ,Q_ =
2822282
2L 21210A

28 Leaded Plastic Chip Carrier — R3 Package
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Functional Block Diagram

NMINV
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}
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H1$ P—I\(
1
g
R
% 2>
n% RN
R% »—I\{
127 8
. L~ 25108 N recisTer I:> D.g
Rmip 128 —V
Ry MWV l/
R:% L
R
254
R
% |
B>_ (25M 21211A
Functional Description
General Information Power

The TDC1058 has three functional sections: a compar-
ator array, encoding logic, and output registers. The
comparator array compares the input signal with 255
reference voltages to produce an N-of-255 code (or
thermometer code, since all the comparators whose
reference is more negative than the input signal will be
on, and all those whose reference is more pasitive will
be off]. The encoding logic converts the N-of-255 code
into the user’s choice of coding. The output register
holds the output constant between updates.

164

The TDC1058 operates from a single supply voltage:
+50V. All power and ground pins must be connected.

Reference

The TDC1058 converts analog signals in the range
VRB < V|N << VRT into digital form. Nominally, VRR is
set to 3V and VRT is set to 5V. However, the specifi-
cations of the TDC1058 are guaranteed as long as the
following three reference operating conditions are met:
1.) the voltage applied across the reference resistor

TRW LSI Products Inc.
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Reference (cont.)

chain (VRT-VRB) is within the range of 1.8 to 2.2V, 2
VRT < (Vgca+0.1V) and 3) VRg = 2.65V. Therefore, if
the supply voltage is expected to drop below 4.9V, the
reference voltages should be lowered accordingly. For
instance, if the system design allows the supply voltage
to drop to the minimum recommended value of 4.75V,
VRT should be set to 4.65V and VRp should be set to
28RV These reference voltages will allow the TNC10NA8
to give fully guaranteed performance over the full supply
voltage range. See the Operating Conditions Table for
further information.

Linearity is guaranteed with no adjustment; however, a
midpoint tap, Ry, allows for the optional trimming of
converter integral linearity as well as the creation of a
nonlinear transfer function. This is explained in the
Application Note TP-19 “Non-Linear A/D Conversion
The circuit shown in Figure 7 will provide approximately
a 1/2 LSB adjustment of the linearity at midscale. The
characteristic impedance seen at this node is approxi-
mately 220 Ohms and should be driven from a low-
impedance source. Note that any load applied to this
node will affect linearity and any noise introduced at this
point will degrade the overall SNR. Due to the slight
variation in the reference current with clock and input
signals, Rt and Rp should be low-impedance-to-

ground points. For circuits in which the reference is not
varied, a bypass capacitor (0.01 to 0.1uF) to ground is
recommended. If the reference inputs are exercised
dynamically (as in an automatic gain control circuit) a
low-impedance reference source is required. The
reference voltages may be varied dynamically at up to
5MHz; however, device performance is specified with
fixed reference voltages as defined in the Operating
Conditions Table.

Analog Input

For precise quantization, the TDC1058 uses latching
comparators. The source impedance of the driving circuit
must be less than 25 Ohms, for optimum overall system
performance. If the input signal is between the VRT and
VRRB references, the output will be a binary number from
0 to 255. When a signal outside the recommended input
voltage range (VRB to VRT) is applied, the output will
remain at either full-scale value. The input signal will not

TRW LSI Products Inc.

damage the TDC1058 if it remains within the range
specified in the Absolute Maximum Ratings Table.
Both analog input pins are connected together internally
and therefore either one or both may be used.

Convert

The TDC1058 requires an external convert (CONV) signal.
require a track-and-hold circuit. A sample is taken (the
outputs of the comparators are latched) within tgTQ
(Sampling Time Offset) after a rising edge on the CONV
pin. The result is encoded on the falling edge, and then
transferred to the output registers on the next rising
edge. The output becomes valid tp (Output Delay Time)
after the rising edge of CONVert and remains valid for at
least tyo (Output Hold Time) after the rising edge of
CONVert. Therefore, the value of sample N becomes
valid tp after the rising edge of clock N+1 and remains
valid until tyq after the rising edge of clock N+2. (See
Figure 1, Timing Diagram.)

Output Format Control

Two output format control pins, NMINV and NLINV, are
provided. These controls are for DC (i.e., steady state)
use. They permit the output coding to be either straight
binary or offset two’s complement, in either true or
inverted sense, according to the Output Coding Table.
These pins are active LOW, as signified by the N prefix
in the signal name. They may be tied to V¢ (through a
4.7 kOhm resistor) for a logic HIGH or Dgnp for a logic
LOW.

Outputs

The outputs of the TDC1058 are TTL compatible and
capable of driving four low-power Schottky TTL (54/74
LS) loads or the equivalent. The outputs hold the pre-
vious data for a minimum of tHQ after the rising edge of
the CONVert signal.

Not Connected

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

Signal Signal B6, N6, R3
Type Name Function Value Package Pins
Power Veed Digital Supply Voltage +5.0V 6, 10
Veea Analog Supply Voltage +5.0V 19, 25
AGND Analog Ground 0.0V 7,89
DgND Digital Ground 0.0v 5 1
Reference Rt Reference Resistor {Top) 5.0V 18
Rm Reference Resistor (Middle) 4.0V 27
Rg Reference Resistor (Bottom) 3.0V 26
Analog Input VIN Analog Signal Input See Text 21,23
Convert CONV Convert TTL 17
Format Control NMINV Not Most Significant Bit Invert TTL 28
NLINV Not Least Significant Bit Invert TTL 12
Data Output D4 Most Significant Bit Output TTL 1
D, TIL 2
D3 TTL 3
Dy TTL 4
Dg TTL 13
Dg TTL 14
Dy TTL 15
Dg Least Significant Bit Output TTL 16
Not Connected NC Not Connected Open 20, 22, 24
Figure 1. Timing Diagram
1
D ~—— tpWHﬂ«tPWLﬂ
CONV SAMPLE SAMPLE SAMPLE
N N+1 ’ | N+2
ANALOG INPUT
—
<— t
> < tsto D
v DATA y DATA DATA
t 1
—>{ tHo |«— 21190A
Figure 2. Simplified Analog Input Equivalent Circuit
Vcea Vcea
VIN (e}
CINT Ice B
Vino
A V, A
GND RB “GND
x
cIN IS A NONLINEAR JUNCTION CAPACITANCE
VRp IS A VOLTAGE EQUAL TO THE VOLTAGE ON PIN Rg '
A A REFERENCE A
GND GND RESISTOR GND
CHAIN 21196A

166

TRW LSI Products Inc.



-?I-'
TDC1058 703wy
Figure 3. Convert Input Equivalent Circuit Figure 4. Output Circuit
v,
Veep © --- | ------ ccp
30kQ 20kQ 8100
TO 00—
INPUT O —_— onrpuT
- - A 1N3062
§ 40pF
T #Sé? L0AD Dt
= e
A(:ZID DgnD =DgNp FORDELAY  OND
21197A OUTPUT EQUIVALENT MEASUREMENTS
CIRCUIT 21198A
Output Coding Table
Binary Offset Two's Complement
True Inverted True Inverted
Input NMINV = HIGH NMINV =LOW NMINV =LOW NMINV = HIGH
Voltage NLINV = HIGH NLINV=LOW NLINV =HIGH NLINV =LOW
5.0000V 0000 0000 nm 1n 1000 0000 0111 111
4.9922V 0000 0001 11111110 1000 0001 0111 1110
L] L] L] L] L]
L] . L] [} L]
L] L] L] L] L]
4.0078V 011 1111 1000 0000 11111 0000 0000
4.0000V 1000 0000 0111 11N 0000 0000 1111 1111
3.9922V 1000 0001 0111 1110 0000 0001 1111 1110
L] L] L] L] L]
L] L] L] L] L]
L] L] L] L] L]
3.0156V 111 1110 0000 0001 0111 1110 1000 0001
3.0078V 1111 1 0000 0000 0111 1111 1000 0000
Notes: 1. NMINV and NLINV are to be considered DC controls. They may be tied to +5V through a 4.7 kOhm resistor for a logic HIGH or tied to

ground for a logic LOW.
2. Voltages are code midpoints.

TRW LSI Products Inc.
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Absolute maximum ratings (beyond which the device may be damaged) !
Supply Voltages '
Veep (measured to DGND) -051to0 +7.0V
Veea (measured to Agypl ~05to +70V
VCCA (measured to VCCD) -051to0 +05V
AgND (measured to Dgp) -05to +0.5V
Input Voltages ? -
CONV, NMINV, NLINV (measured to Dgnp) -05to +55V
ViN. VRT VRB (measured to Agyp) —-05to +55V
VRt (measured to Vgg) 2210 +2.2V
Input Currents 3
CONV, NMINV, NLINV —50 to +50mA

—100 to +100mA

Vin- VRT- VRB

Output
Applied voltage 2 (measured to Dgnp) -05 to (Vge + 0.5Y)
Applied current 3, externally forced —50 to +50mA
Short-circuit duration (single output in HIGH state.to ground) 1 Second
Temperature . B
Operating, ambient (all packages except N6 and R3) —55 to +125°C
(N6 and.R3 packages only) —-20 to +90°C
junction . +175°C
Lead, soldering, all packages (10 seconds) +300°C
Storage, all packages —65 to +150°C
Notes: 1. Absolute maximum: ratings are limiting values applied individually while all other parameters are within specified operating conditions.

Functional aperation under any of these conditions is NOT implied. A condition applied individually that exceeds the Operating Conditions
specification but is less than the Absolute Maximum Ratings will not cause immediate device failure. Device performance and reliability are

guaranteed only if the Operating Conditions are not exceeded.
2. Applied voltage must be current limited to specified range.
3. Forcing voltage must be limited to specified range.
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Operating conditions

Temperature Range
Standard
Parameter Min Nom Max Units
Veea Analog Supply Voltage 475 50 525 '
Veep Digital Supply Voltage 4.75 50 5.25 v
VAGND Analog Ground Voltage (Measured to DgnD! -0.1 0 +0.1 Vv
tpwWL CUNV Puise Width, LOW 5 ne
tPWH CONV Pulse Width, HIGH 21 ns
ViL Input Voltage, Logic LOW 08 \'
\m Input Voltage, Logic HIGH 20 Vv
loL Output Current, Logic LOW 40 mA
loH Output Current, Logic HIGH —400 A
VRT Most Positive Reference Input ' 50 Veea + 01 \
VRB Most Negative Reference Input ' 265 30 \
VRT-VRB Voltage Reference Differential 18 20 22 \
VIN Input Voltage VRB VRT \
Ta Ambient Temperature, Still Air 0 70 °C
Note: 1. Vgy must be more positive than Vpp, and voltage reference differential must be within specified range
Thermal characteristics (approximate)

Parameter Package Typical Units
eia Thermal Resistance, Junction to Ambient N6 45 °CIW

R3 65 °C/wW

B6 50 °C/IW
eic Thermal Resistance, Junction to Case N6 17 °C/IW

R3 14 °CIW

B6 TBD °CIwW
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Electrical characteristics within specified operating conditions

Temperature Range
Standard
Parameter Test Conditions Min Max Units
Icca+lccp  Total Supply Current Ve = Max! 160 mA
IREF Reference Current VRT. VR = Nom 30 mA
RRep Total Reference Resistance 67 Ohms
RiN Input Equivalent Resistance VRT, VRB = Nom, V) = Vg 80 kOhms
CiN Input Capacitance VRT: VRg = Nom, V) = VRp 50 pF
Ice Input Constant Bias Current Veea = Max 250 A
L Input Current, Logic LOW Ve = Max, V= 04V -06 mA
Iy Input Current, Logic HIGH Vee = Max, V) = 2.4V -200 50 A
I Input Current, Max Input Voltage Vee = Max, V) = Vg = Max 10 mA
VoL Output Voltage, Logic LOW Ve = Min, Ig = Max 05 v
VoH Output Voltage, Logic HIGH Vee = Min, lgy = Max 24 \
los Short-Circuit Output Current Ve = Max, Output HIGH, one pin to -40 mA
ground, one second duration max.
C Digital Input Capacitance Tp = 25°C, F = 1MHz 15 pF
Note: 1. Worst case, all digital inputs and outputs LOW.
Switching characteristics within specified operating conditions
Temperature Range
Standard

Parameter Test Conditions Min Max Units
Fg Maximum Conversion Rate Vee = Min 20 Msps
1S70 Sampling Time Offset Vee = Min -2 10 ns
tp Output Delay Ve = Min, Load 1, Figure 4 35 ns
tHo Output Hold Time Ve = Max, Load 1, Figure 4 5 ns

~
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System performance characteristics within specified operating conditions

Temperature Range
Standard

Parameter Test Conditions Min Max Units
Ep Linearity Error Integral, Independent VRT, VRB = Nom 0.2 %
Elp Linearity Error Differential 0.2 %
CS Code Size 25 175
Egr Offset Error, Top VIN = VRT -10 +10
Egp Offset Error, Bottom VIiN = VRB -15
Tco Offset Error, Temperature Coefficient -20 +20 uvi°C
BW Bandwidth, Full Scale Input No Spurious or Missing Codes 7 MHz
BWgg  —3dB Bandwidth, Small Signal —20dBFS Input 60 MHz
TR Transient Response, Full Scale 70 ns
SNR Signal-to-Noise Ratio 10MHz Bandwidth,

20Msps Conversion Rate

Peak Signal/RMS Noise 1.248MHz Input 54 dB
2.438MHz Input ' 53 dB
RMS Signal/RMS Noise 1.248MHz Input 45 dB

2.438MHz Input 44 dB
Epp Aperture Error 60 ps
DP Differential Phase Error Fg =4 x NTSC 10 Degree
DG Differential Gain Error Fg =4 x NTSC 20 %

Figure 5. Typical Interface Circuit

+5V

5y e = —
R 6,10 19,25
N\ 390 '342222 1N4148 18 - -
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Typical Interface Circuit

The Typical Interface Circuit (Figure 5) shows an
example of a high-performance application circuit for the
TDC1058. The wideband analog input amplifier drives the
AID converter directly. Bipolar inputs to the amplifier can
be accommodated by adjusting the offset control. TRW's
TDC4614 provides a stable reference for both the offset
and gain control. All V| pins are con-nected close to
the device package and the input ampli-fier's feedback
loop should be closed at that point. The buffer has an
inverting gain of two, increasing a 1Vp-p video input
signal to the recommended 2Vp-p input for the
TDC1058. Proper decoupling is recommended for all
systems.

The bottom reference voltage (VRp) is supplied by an

inverting amplifier or the TDC4614, buffered with a PNP
transistor. The transistor provides a low-impedance source
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and is necessary to sink the current flowing through the
reference resistor chain.

The Inexpensive Interface Circuit shown in Figure 6
offers considerable parts reduction for cost-sensitive
applications where DC response is not required and loss
of some power supply rejection is tolerable. The 200
Ohm resistors bias the input to +4V and provide the
current to the zener diode to provide the reference
bottom voltage. The 1uF capacitor decouples the input
signal from the DC voltage present at the input of the
TDC1058. The 10uF and 0.1uF capacitors, as well as the
ferrite bead, provide power supply decoupling. The
IN5711 Schottky diodes are for protection against
overvoltages at the input and are not required if these
precautions are taken elsewhere in the circuit.

TRW LSI Products Inc.
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Typical Performance Curves

A. Typical Differential Phase and Gain
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B. Typical SINAD (SNR + Distortion) vs. Input
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Evaluation Board

The TDC1058E1C is a Eurocard-style printed circuit board
designed to optimize the performance of, and to aid in
the evaluation of the TDC1058 A/D converter. The board
dimensions are 100mm x 160mm with a standard 64 pin
double-row DIN male connector installed. A
complementary 64 pin double-row DIN female connector
is included with the board. The circuitry on the board
includes reference voltage generators, wideband video
input amplifier, and a TDC1012 12-bit D/A converter
which may be used in evaluating certain parameters of
the TDC1058.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the top is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
1/0 and clocks. The board is calibrated and tested at the
factory and is supplied complete with TDC1058 and
TDC1012 installed.

Power and Ground

Four power supply voltages are required for the
operation of the TDC1058E1C: Vpo=+5V, VEg=-5.2,
V+ =+15V and V- =—15V. All power inputs are

TRW LSI Products Inc.

decoupled to a single solid ground plane, GND. "I GND
pins of the board are connected to the ground plane and
it is recommended that all GND pins be used.

Voltage Reference Generator

The TDC1058E1C has two voltage reference generator
circuits for driving the RT and RB terminals of the
TDC1058. A fixed +50V is applied to RT from U2 and
Q1. A variable +3V is supplied to RB from U3 and Q2.
The GAIN potentiometer provides +10% adjustment
range on the RB voltage. Diodes D3 through D8 act as
clamps which protect the TDC1058 from power-on
conditions that might violate absolute maximum ratings
and damage the TDC1058.

Video Input Amplifier

The input amplifier of the TDC1058E1C, U4, has been
designed to accept a +0.5V input range and translate
that signal to the +3V to +5V range of the TDC1058.
The output of this amplifier can be monitored at the
AQGUT SMA connector which is connected to the V)N
terminals of the TDC1058 through a 4709 resistor. The
OFFSET potentiometer, R29, gives a +0.5V offset
adjustment range to the board.
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A/D Converter Inputs

The clock to the TDC1058, CONV, is normally brought
onto the board through the SMA connector labeled
"“CONV!" By installing jumper J1, this signal is routed
through the edge connector pin B2. A terminating
resistor location, R32 is available on the board for
terminating clock signal cable. The NMINV and NLINV
inputs to the TDC1058 are pulled HIGH with resistors
and may be pulled LOW by installing jumpers J2 and J3.

The analog signal input to the TDC1058E1C is brought
onto the board by way of the SMA connector labeled
"AIN" near pin 28 of the TDC1058. A terminating
resistor, R25, is included on the board for terminating a
50Q analog input signal cable.

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

The eight data outputs of the TDC1058 are brought to
edge connector pins B13 through B21 (excluding B18).
These pins are located directly across the edge connector
from the corresponding data inputs of the TDC1012 D/A
converter to simplify connection of A/D outputs to D/A
inputs.

D/A Converter Inputs

The clock to the TDC1012, CLK, is normally brought onto
the board through an SMA connector labeled “CLK”
near pin 16 of the TDC1012. A location for a terminating
resistor, R6 is provided for clock cable termination. The
clock to the TDC1012 is also brought to the edge
connector pin B24.

D/A converter outputs are brought to SMA connectors
labeled OUT+ and OUT- as well as edge connector
pins B28 and B27. Load resistors of 51.1Q are provided
on the board to facilitate 50 cable connection to the
board.

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

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

TDC1058E1C Silkscreen Layout
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TDC1058E1C Component Side Layout
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TDC1058E1C Eurocard Edge Connector Pinout

GND A32 B32 V- (-15V)
GND A31 B31 V+ (+15V)
GND A30 B30 NC.
GND- A29 B29 NC
GND A28 B28 D/A OUT+
GND A27 B27 D/A OUT-
GND A26 B26 NC
GND A25 B25 NC
GND A24 B24 D/A CLK
GND Az3 B23 NC
© GND A22 B22  NC
D/A D1 MSB - A21 B21 A/D Dy MSB
D/A Dz - A20 B20 A/D Dy
D/A D3 A19 B19 A/D D3
GND A18 B18 Vcg (+5V)
D/A Dy A17 B17 ADDg
DA D5 A16 B16 A/D D5 -
DIA Dg A15 - B15 A/D Dg .
D/A D7 A4 B14 A/D Dy
D/A Dg LSB A13 B13 A/D Dg LSB
. NC A1R2 B12 NC
NC AN B11 NC
NC A10 B10 NC
NC A9 B9 NC
NC A8 B8 NC
NC A7 B7 NC
NC A6 B6 NC
"NC A5 B5 NC
GND A4 B4 NC
GND A3 B3 NC
GND A2 B2 A/D CONV
GND A1 B1  VEg (-52V)
Mating Connectors for TDC1058E1C
AMP 532507-2 Wire-wrap
AMP 532507-1 Solder tail
Robinson-Nugent ~ RNE-64BS-W-TG30 Wire-wrap
Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
Souriau 8609-264-6115-7550E1  Wire-wrap
Souriau 8609-264-6114-7550E1  Solder tail
Souriau 8609-264-6813-7550E1  Solder tail,
right-angle
bend
176 TRW LSI Products Inc.
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Figure 8. TDC1058E1C A/D Converter Schematic Diagram
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Figure 9. TDC1058E1C D/A Converter Schematic Diagram
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Ordering Information

Product Temperature Range Screening ) Package Package
Number Marking
TDC1058B6C STD-Tp=0°C to 70°C Commercial 28 Pin CERDIP 1058B6C
TDC1058N6C STD-Tp=0°C to 70°C Commercial 28 Pin Plastic DIP 1058N6C
TDC1058R3C STD-Tp=0°C to 70°C Commercial 28 Leaded Plastic Chip Carrier 1058R3C
TDC1058E1C STD-Tp=0°C to 70°C -— Eurocard PC Board TDC1058E1C

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

Life Support Policy — TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LS| Products Inc. components in life support applications assumes all risk of
such use and indemnifies TRW LS| Products Inc. against all damages.
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10-Bit High-Speed Microprocessor-Compatible A/D Converter with
Track/Hold

Employing a “half-flash” A/D conversion technique, the Features

TMC1061 CMOS 10-hit A/D converter offers high-speed . o

conversions while dissipating only 235 milliwatts. The 1.8us Maximum Conversion Time

analog input signal to the TMC1061 is tracked and held by ~  Includes Track/Hold Input Stage

an internal sampling circuit. Input signals from DC to No External Clock Or Timer Required

greater than 200kHz can be digitized accurately without the ; ;

need for an external track/hold stage. Smglg +5 Volt Power Supply Operation
No Missing Codes, Guaranteed

For convenient interface to microprocessors, the TMC1061 ~ ® Power Dissipation Less Than 235mW
has been designed to function as a TTL compatible memory L

device or I/0 port without the need for additional interface ~ Applications

logic, clacks, or timing generators.

¢ Waveform Digitizers

e Disk Drives

Digital Signal Processing
Mobile Telecommunications

Functional Block Diagram
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Pin Assignments

Ve 10 @ ~7 120 DBy (LSB)

Nt 2 119 DB,

TH 300 118 DB,

RD 4[] 117 DB,

¢ 50 (Tr%gefgm 1608
Avge 600 115 DB
Vrer. 700 114 DBy

vy 80 113 DB,
Veer, 900 112 DBy
GND 10 [ 111 DBy (MSB)

21501A

20 Pin CERDIP — B3 Package
20 Pin Plastic DIP — N3 Package
20 Pin Plastic SOIC — M3 Package

Functional Description

The TMC1061 accurately converts an analog input signal to
10-bit data by performing two low-resolution flash A/D
conversions. The first A/D conversion provides the six
Most Significant Bits (MSBs) of the final result while the
second A/D conversion produces the four Least Significant
Bits {LSBs) of the 10-bit result.

The sixteen comparators used in the first flash conversion
are used again for the second flash. Thus, the half-flash
conversion techniques used in the TMC1061 needs only a
small fraction of the number of comparators that would be
required for a traditional flash converter, and far fewer than
would be used in a conventional half-flash approach. This
allows the TMC1061 to perform high- speed conversions
with minimal power drain.

Power and Grounding

The TMC1061 is designed to operate from a single +5 Volt
power supply. There are two power supply input pins,
AV and DVee. These pins allow separate external
decoupling capacitors for the analog and digital sections of
the TMC1061. To ensure optimum performance, the two
power supply pins should be connected to the same voltage
source, and each should be decoupled with a 0.1uF ceramic
capacitor in parallel with a 10yF tantalum capacitor.
Depending on the circuit board layout and other system
considerations such as power supply noise and proximity of
noisy circuit elements, more decoupling may be necessary.
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It is important to ensure that none of the TMC1061’s input
or output pins are driven to voltages mare than 300mV
above AV and DV, or more than 300mV below GND.
If these limitations are exceeded, the current into or out of
any pin on the TMC1061 must be limited to less than bmA,
and no more than a total of 20mA into or out of all
overdriven pins can be allowed. In systems with multiple
power supplies where the TMC1061°s voltage reference
source and input amplifiers are powered separately from
the A/D converter, careful attention to power supply
sequencing must be paid and clamp diodes used to prevent
damage to the CMOS A/D converter. The TMC1061's
power supply pins should be at the proper voltage before
other signals are applied.

To ensure fast, accurate A/D conversions from the
TMC1061, it is necessary to use good circuit board layout
techniques. The analog ground return path must have low-
impedance and be free of noise from other circuits in the
system. Noise from neighboring digital circuitry can
degrade performance. The digital ground plane should be
separate from the analog ground plane.

All decoupling capacitors should be located as close to the
TMC1061 as possible. The analog input should be isolated
from noisy signal traces to avoid cross-coupling unwanted
noise into the input. All external companents (e.g., filter
capacitors) connected from the converter input to GND
should be connected to a low-noise ground return point.
Improper grounding may result in degraded A/D converter
performance.

Voltage Reference

The TMC1061 has two reference voltage inputs, VREF+
and VREF—, which define the zero to full-scale input range
of the TMC1061. The reference inputs can be connected
to cover the entire power supply voltage range for
ratiometric applications by connecting VREF— to GND and
VREF+ to V¢e. They can be connected to any other
voltages.between GND and V¢ to accommodate other
input voltage ranges. When the overall VREF is reduced to
less than 5 Volts, the sensitivity of the TMC1061 is
increased (if VREF+ — VREF = 2 Volts, then 1LSB =
1.953mV). When the input voltage range is decreased,
however, linearity and offset errors become larger with
respect to the range. The Typical Performance Curves
give more information on the performance of the TMC1061
as reference voltage is varied. A reference voltage range
(VREF+ — VREF) of less than 2 Volts is not recommended.

TRW LSI Products Inc.
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Voltage Reference

VREF- is usually connected to GND. It is occasionally
useful to use an input voltage range which is offset from
ground. The TMC1061 can easily be set up to
accommodate this requirement. VREF— can be driven

to a voltage mare positive than ground as long as the
voltage source applied to VREF- is capable of sinking the
necessary reference current. VREF— should be properly
decoupled to reduce noise injection when driven to a
voltage other than GND.

Since the resistance between the two voltage reference
inputs (VREF+ and VREF-) can be as low as 400€2, the
voltage source driving these inputs should have low output
impedance. Noise on either voltage reference inputs will
degrade the performance of the TMC1061. The circuits
that are connected to VREF+ and VREF— must be stable,
low noise voltage sources. Each voltage reference input
should be decoupled with a 10uF tantalum and a 0.1uF
ceramic capacitor. Additional decoupling may be
necessary where power supply and ground noise may

be excessive.

The choice of reference voltage source depends upon the
requirements of the system. In ratiometric data acquisition
applications, where the magnitude of the system
parameter being digitized is proportional to or depends
upon the power supply voltage level, the reference inputs
are normally connected to V¢ and GND, and no other
reference voltage is used. In absolute measurement
applications, where absolute 10-bit accuracy is required, a
voltage reference source with better than 0.1% accuracy
and temperature drift characteristics is recommended.

The Analog Input

The internal track/hold stage of the TMC1061 samples the
analog input voltage every A/D conversion cycle. During
the acquisition time period, tacQ. the analog input is
connected to a network comprising a 600Q resistor in
series with a capacitor of 35pF. Short-duration current
spikes can be seen at the analog input during normal
operation. These spikes are the natural result of switching
a fixed voltage onto a capacitor charged to a different
voltages level. These observed spikes do not affect the
operation or the accuracy of the A/D converter.

High source impedances of amplifiers or buffers driving the
TMC1081 can slow the charging of the sampling capacitors
and degrade conversion accuracy. Therefore, only signal
sources with low output impedances (< 500Q) used. If the
system requirements allow for increased sampling time,

TRW LSI Products Inc.

the source impedance can be higher. If a signal source
has a high output impedance, its output should be buffered
with an operational amplifier. The operational amplifier's
output should be frequency-stable when driving a

35pF capacitive load. Ringing or voltage shifts at the
TMC1061 input during the sampling period can result in
degraded performance.

The TMC1061 can correctly convert analog input signals
from (GND - 50mV) to (Voo + B0 mV). The signal scurce
must not drive the analog input pin more than 300mV more
positive than AV and DVGC or more negative than
300mV GND. If it is possible for the analog input pin to be
forced beyond these voltages, the current flowing into or
out of V) should be limited to 5mA to avoid damage to to
the TMC1061.

The TMC1061 can perform accurate conversions of input
signals at frequencies from DC to greater than 200kHz
without external sampling circuitry.

Modes of Operation

The TMC1061 has two digital interface modes illustrated in
the Timing Diagrams.

In Mode 1, the T/H input determines the start of the
conversion process. When T/H is driven LOW for a
minimum of 20ns, the comparators that determine the
upper B-bits of the final result become active. When T/H
goes HIGH, the 6-bit partial result is stored and the final
4-bit conversion begins. After tcoNV (approximately 1.2ps,
1.8us maximum) INT goes LOW, indicating that the
conversion is complete and that the final results can be
read when RD goes LOW. CS must be LOW in orderto
enable T/H or RD. CS is logically ANDed with T/H and RD.
The input voltage is sampled when CS and T/H are LOW,
and the result is read when CS and RD are LOW.

In Mode 2 (“RD mode”), the T/H and RD inputs are
connected together. A conversion is initiated when bath
inputs are LOW. The TMC1061 samples the input voltage
and causes the comparators to become active and to
determine the upper 6-bits of the final result. An internal
timer terminates the conversion of the upper 6-bits and
initiates the conversion of the four LSBs. In this mode,
tCONV lasts approximately 1.8ps (2.4us maximum) after
T/H and RD are brought LOW. After tcony. INT goes LOW
indicating that the conversion is complete. The data on the
outputs (enabled when RD is LOW) becomes valid
approximately 20ns after INT goes LOW. Data will be
enabled on the outputs throughout the conversion process,
but are not valid until after INT goes LOW.

181




TMC1061

7 r<wy

Signal Definitions

Power

Dvce, Digital and analog positive power supply

Avee voltage inputs. They should always be
connected to the same voltage source, but
are separated to allow for individual
decoupling capacitors.

GND This is the power supply ground input to the
TMC1061.

Analog Inputs

VIN The TMC1061 outputs a 10-bit binary word
whose magnitude corresponds to magnitude
of the voltage on the V| input with respect
to the difference between VREF+ and VREF—.

VREF-. The reference voltage inputs determine the

VREF+ input voltage range of the TMC1061, VREF+

182

must be more positive than VREF—. An input

- voltage equal to VREF— produces an output

code of 0, and an input voltage equal to one
LSB less than VREF+ produces an output code
of 1023.

Digital Inputs

S

TH

The Chip Select control input enables the
T/H and RD inputs when LOW.

This is the Track/Hold control input. When
this pin is LOW, it causes the analog input
signal to be sampled and initiates a new A/D
conversion cycle.

When LOW, the RD control input enables the
ten data outputs of the TMC1061. When
HIGH, the outputs are in a high-impedance
state.

Digital Outputs

INT

DBg-DBg

The interrupt output goes LOW at the end of
each A/D conversion. INT returns HIGH
following the rising edge of RD.

These are the ten data output pins. They are
enabled when RD is LOW.

TRW LSI Products Inc.
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Package Interconnections

Signal Signal
Type Name Function Value Pin
Power AVCce Positive Analog Supply +5.0V 6
Dvce Positive Digital Supply +5.0V 1
GND Ground 0.0V 10
Analog Inputs VIN Analog Signal Input +4.7V 8
VREF+ Fositive Reference input +4.7V S
VREF- Negative Reference Input 0.0v 7
Digital Inputs CS Chip Select TTL 5
TH Track/Hold Control TTL 3
RD Read Control TTL 4
DigitalOutputs INT Interrupt Output TTL 2
DBg MSB Most Significant Bit TTL 1
DBg TTL 12
DBy TTL 13
DBg TTL 14
DBs TTL 15
DB4 TTL 16
DB3 TTL 17
DB2 TTL 18
DB TTL 19
DBg LSB Least Significant Bit TTL 20
Output Coding
Input DBg DBg
Voitage MSB LSB
>4.092 i 1M 1 -
+4.092 n mm 1
+4.088 " 1M1 1110
+0.004 00 0000 0001
0.000 00 0000 0000
<0.000 00 0000 0000

Note: The input voltage range used for this table is from 0.0 to +4.092
Volts. VREF—=GND and VREF+=4.096 Volts. Input voltages are
measured at code centers.
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Mode 1. Timing Diagram

| Mode 2. Timing Diagram
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___________ VAVAVAVAVAVAVAVAVAVAV,Y,
DBo-9 : DBy.g = A’A A‘A‘A‘A‘A‘A‘A‘A‘A‘A
t |<—
ENAY 21502A I 21503A
Absolute maximum ratings (beyond which the device may be damaged) 1-2
Supply Voltages
Dvee ... -0.5to +6.5V
AVce —0.5to +6.5V
Avce-Dvee B -0.3t0 +0.3V
Input Voltages
Digital Inputs (DVee +0.3)to - 0.3V
Analog Inputs (AVCC +0.3) to (GND - 0.3)V
Outputs
Digital Outputs, applied voltage -0.5t0 DVGC
Input current, any pin, externally forced 3 15mA
Short-circuit duration (single output to GND) unlimited
Temperature
Operating, junction —60 to +135°C
Soldering
N3 package (10 seconds) +260°C
B6 package (10 seconds) +300°C
M3 small outline package +260°C
Vapor phase (60 seconds) +215°C
Infrared (15 seconds) +220°C
Junction +150°C
Storage —65 to +150°C
Package input current 3 +20mA
Package power dissipation at 25°C 4 875mW
ESD Susceptibility 5 1500V

Note:  Applied voltages must be current limited to specified ranges and that forcing voltages must be limited to specified ranges.
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Operating conditions 1.2.8.9

Parameter Min Nom Max Min Nom Max Units
AvVce, DVge  Positive Power Supply Voltages 6 45 5.0 55 45 5.0 55 \
AVce-DVee  Power Supply Voltage Differential -0.1 0.0 0.1 -0.1 0.0 0.1 v
VIN Input Voltage Range GND--.050| +4.069 | AVcc+.050 | GND-.050 | +4.069 | AVc(+.050 \
SR Input Slew Rate 1.7 1.7 Vius
VREF Reference Voltage 6 35 +4.096 | AVc(+.050 35 +4.096 | AVgc+.050 \
ViL Input Voltage, Logic LUW, UVCC = 4./5V 1.4 u.g 1.4 u.s v
VIH Input Voltage, Logic HIGH, DV = 5.25V 2.0 1.4 20 1.4 %
loL Output Current, Logic LOW -6.0 -20 -6.0 -20 mA
I0H Output Current, Logic HIGH 8.0 20 8.0 20 mA
Ty Junction Temperature, Plastic -40 +85 °C
Ty Junction Temperature, CERDIP -55 +125 °C

Electrical characteristics within specified operating conditions 59

Temperature Range
Industrial Extended

Parameter Test Conditions Typ Min | Max { Min | Max | Units
Dice DVCC Supply Current CS=WR=RD =HIGH 0.1 20 2.0 mA
Alce AVCC Supply Current CS=WR=RD =HIGH 30 45 45 mA
CIN Analog Input Capacitance 35 pF
IVIN Analog Input Current CS=V|N =+5.0V 0.01 3 3 uA

VN = 0.0V, CS = +5.0V -0.01 -3 -3 VA
RREF Reference Resistance 650 400 900 400 900 Q
c Digital Input Capacitance 5 pF
I Input Current, Logic LOW —0.005 -1.0 -1.0 HA
IIH Input Current, Logic HIGH 0.005 1.0 1.0 pA
VoL Output Voltage, Logic LOW lgyT = 1.6mA, DV = 4.75V 0.4 0.4 \
VoH Output Voltage, Logic HIGH louT =-360uA, DVce =4.75V 24 24 \Y

IQUT = -10uA, DV = 475V 45 45 v
lozL Output Leakage Current, LOW VouT =00V -0.01 -30 -3.0 pA
10ZH Output Leakage Current, HIGH VouTt =5.0V 0.01 30 3.0 UA
Cout Digital Output Capacitance 5 pF
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Switching characteristics within specified operating conditions 8.9,10
Temperature Range
Industrial Extended
Parameter Test Conditions Typ | Min | Max | Min | Max | Units
tc1 Conversion Time Mode 1 12 18 1.8 us
tCc2 Conversion Time Mode 2 18 24 24 us
tSH Sampling Time 7 Figure 1, RS = 50Q 250 250 ns
tRDINT RD to Reset of INT 10 50 50 ns
tiD INT to Data Delay CL = 100pF 20 50 50 ns
tp Dead Time 10 20 20 ns
tENA1 Output Enable Time Mode 1, Cp = 100pF 20 50 50 ns
tENA2 Output Enable Time Mode 2, Cp = 100pF tc2 +50 tc2 + 50 ns
tpIS Output Disable Time CL =100pF, R = 1kQ 20 50 50 ns
System performance characteristics within specified operating conditions8.3
Temperature Range
Industrial Extended
Parameter Test Conditions Typ | Min | Max | Min | Max | Units
ELip Integral Linearity Error .3 +1.5 +1.5 LSB
ELp Differential Linearity Error +1.0 1.0 LSB
EFs Full-Scale Error H).5 +1.0 +1.0 LSB
Ez Zero Error 0.1 +1.0 +1.0 LSB
ETU Total Unadjusted Error +1.0 +2.0 +2.0 LSB
PSSF Power Supply Sensitivity AVec =DVge = +5.0 5% 0.125 LSB
VREF+ = +4.75V, VREF— = 0.0V
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Notes on Specification Tables Pp = (TymAX — TA)/BJA or the number given in the
Absolute Maximum Ratings, whichever is lower.
For this device, TjmaX = 150°C, and the typical
thermal resistance (6Ja) when board mounted is
47°C/W for the plastic (N) package, 85°C/W for the
ceramic (J) package, and 65 °C/W for the small
outline (MW) package.

1. Absolute Maximum Ratings indicate limits beyond
which damage to the device may occur. Operating
Conditions indicate conditions for which the
device is functional, but do not guarantee specific
performance limits. For guaranteed specifications
and test conditions, see the Electrical
Characteristics. The guaranteed specifications

apply only for the test conditions listed. Some 5 ﬁ'iTan-?ggYTOdel' 100pF discharged through a a
performance characteristics may degrade when the FURSS TEOISTUL-
ggx';izésngm operated under the listed test 6.  Typicals are at 25°C and represent the parametric
: level most likely to occur.
2. All voltages are measured with respect to GND, . .
. o 7. TMC1061 performance may degrade if tSH is shorter
unless otherwise specified. than the specified value.
3. When the voltage applied to any pin exceeds the . PP
power supply vc?ltag%ps (i.e. ch;l)pthe absolute value The following spemflcatn\c/)n\s/apply for AVVCC| =Dvee=
of current flowing into or out of that pin must be g?hgrvvﬁlstg sVHeEiFfTe?i ~5.0V. V== 0.0V unless
Iimiyec.i to bmA. The.total pacl_<age input current must P '
be limited to 20mA (i.e. four pins at 5SmA per pin). 9. Typical performance specifications are for
4. The maximum power dissipgtiqn must be derated at Ty=+25°C.
et emprtes 10 oy MR 10, s an s ot 2, s
allowable power dissipation at any temperature is otherwise specified.
Figure 3. Output Test Loads
DVCC (r DVCC DVCC t’
_ Dlec ~ 9% PVec 0%
RD 50% R RD 50%
GND 10% GND 10%
RD 0—| TMC1061 T Vo U RD o— TMC1061 T Vg toH <~
J- ICL AL DBy o J_ ICL DBy
= T = GND ————— L1 VoL mmeed— 10%
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Typical Performance Curves
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188

Reference Voltag

e

1.0

| I

Wgg=DVog =45V

b
@

\

Ty=25C

g
@

N\

o
-

ZERO ERROR (LSBs)

2
N

0.0

1 2

3 4

5

REFERENCE VOLTAGE, Vpgr, - Vger. (V) 215054

Mode 1 Conversion Time

vs Temperature
16

™~

08— Mge=D
04

VCC = VREF =45V

MODE 1 CONVERSION TIME, tgq (us)

02

00

75 50 25 0 25 50 75 100 125
JUNCTION TEMPERATURE, T (°C)

21507A

B. Linearity Error vs
Reference Voltage

LINEARITY ERROR (LSBs)

1.0

e
©

bd
o>

o
>

e
[

b
[

AVCC = DVCC =45V

TJ=25°C

N\

-

2 3 4
REFERENCE VOLTAGE, Vger, - Ver.

D. Mode 2 Conversion Time
vs Temperature

MODE 2 CONVERSION TIME, ¢ (us)

22
20
18
1.6
14
1.2
1.0
0.8
0.6
04
0.2

0.0
-75

5
v)

\\

L AVpo=DVog = VRpp = +5V

50 25 0 25 50 75 100

JUNCTION TEMPERATURE, T (°C)

TRW LSI Products Inc.

21506A

125

21508A



TMC1061 734
7 <oy
Figure 4. Typical Interface Circuit
5V > .
= 10 o
{; 0.1 po =
+15V §
:}am > 01 & AVge  DVge -
500 o
— 112 —
A iNT |—— INT
0.1
u My -
15V 11-20
o ) o
MC1061 _ _
e 7 A y < &
6 i REFY HpP—< ™
0.1 10 7 VREF. "D 4 ( )
[ 751 GND
v 21509A
Ordering Information
Product Package
Number Temperature Range Screening Package Marking
TMC1061B3F EXT - Tg =-55°C to 125°C Commercial 20 Pin CERDIP 1061B3F
TMC1061B3B IND - Tg =-40°C to 85°C Commercial 20 Pin CERDIP 1061B3B
TMC1061N3B IND - T¢ = -40°C to 85°C Commercial 20 Pin Plastic 1061N3B
TMC1061M3B IND - T¢ = -40°C to 85°C Commercial 20 Pin Plastic SOIC 1061M3B
TMC1061E1C STD - TA=0°C to 70°C Eurocard PC Board TMC1061E1C

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

Life Support Policy

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

Inc. against all damages.
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Complete High-Speed A/D Converter

8-Bit, 25Msps

Designed to be user-friendly, the THC1068 is a complete

flash analog-to-digital converter that combines all circuitry
required to convert high-speed anaiog signals into 8-bit

digital data at rates of up to 25Msps (MegaSamples Per
Second). Based on the industry standard TDC1048

monolithic flash analog-to- digital converter, the THC1068 o

contains a wideband analog input amplifier, precision
voltage reference and three-state outputs as well as

zero-scale and full-scale flags.

The THC1068 offers significant advantages in space

efficiency and ease of use. Combining all analog front-
end circuitry with the A/D converter in an easy to use
package results in savings of board space, component
and assembly cost. Furthermore, labor intensive circuit

adjustments are eliminated.

The THC1068 is designed to meet the demanding
requirements of military applications. It is available in a

24 pin hermetic package and operates with guaranteed

performance over the full —55 to +125°C case

operating temperature range.

Features

Complete 8-Bit Analog-To-Digital Converter
TTL Compatible, Three-State Qutputs

25Msps Conversion Rate, THC1068-1

20Msps Conversion Rate, THC1068

10MHz Full Power Analog Input Bandwidth

e Full Performance Is Guaranteed From —55 to 125°C
Complete Analog Front-End

Very Low Input Capacitance

Gain And Offset Internally Trimmed

e Binary And Two's Complement Output Modes.
Zero-Scale And Full-Scale Output Flags
Operates From +5V And —5.2V Supplies
1.6W Typical Power Dissipation

e Hermetically Sealed 24 Pin Package

Functional Block Diagram

Ayt ¢—AWN—

AN A

OFFSET

REF —————
RANGE €
Rg ¢——wW\V—

NMINV  D—

VREF

TDC1048

QUTPUT $ Di_g
REGISTER

NLINV >
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Pin Assignments

e 1[ P o |20 OFFSET
RANGE 2| = o |3 Ay
Rg 3 122 Agnp
Vee 4 © 121 Agut
NMINV 5 o+ |20 NLINV
Vee 6 “ |19 CONV
s 7 > | 18 Dgnp
OF 8 (17 28
Dy (MSB) 9 16 Dg (LSB)
Dy 10 15 Dy
D3 11 14 Dg
04 12 L._L ‘_.'J 13 05

24 Pin Hermetic Metal DIP — S7 Package

Functional Description

General Information

The THC1068 is a complete 8-bit A/D converter hybrid
in a 24 pin hermetically sealed package. The THC1068
has four functional sections: wideband input amplifier,

reference circuitry, monolithic 8-bit flash converter and
three-state output register.

The wideband amplifier provides the current necessary to
drive the input capacitance of the flash converter while
translating the bipolar input to the unipolar range of the
flash converter. The input amplifier has a gain of —2
and the stable reference needs no adjustment. The
analog input voltage range is —0.5 to 0.5V but can be
configured for a 0 to +1.0V range by shorting OFFSET
to AgND- Likewise, the input can be configured for a

0 to —1.0V range by connecting the OFFSET pin to the
REF pin.

The converter portion of the THC1068 is a TDC1048
monolithic 8-bit flash A/D converter. It is made up of a
comparator array and encoding logic. The comparator
array of the flash converter compares the analog signal
from the input amplifier with 255 reference voltages to
produce a thermometer code (those comparators
referenced to voltages less than the analog input signal
will be on and those referenced to voltages greater than
the analog signal will be off). The encoding logic of the
flash converter then converts the thermometer code into
8 bits of binary data. The TDC1048 data sheet details
the operation of the flash portion of the THC1068.

192

The three-state output register holds the output data
between convert cycles and can be set into the high-
impedance state with the OE control pin.

‘Power

The THC1068 requires +5 and —5.2V for operation.
Low-frequency decoupling capacitors of 10uF should

be placed as close to the VEg and Vg pins as possible.
High-frequency analog and digital power supply
decoupling capacitors are included within the THC1068.

For optimum performance, separate analog and digital
ground pins are provided on the THC1068. Separate
grounds should be maintained on the printed circuit
board and connected together at the power supply
terminals. However, the voltage difference between
AgND and Dgnp must be within £0.1V. It is
recommended that provisions be made on the circuit
board for shorting jumpers between analog and digital
ground as close to the THC1068 as possible. Whether
or not the jumpers are required will depend upon the
printed circuit board layout and overall system ’
performance.

Reference

A precision voltage reference is used for the flash
converter reference as well as for DC. level shifting. The
REF pin can sink or source up to 2mA but is normally

left unconnected.

OFFSET and AgyTt

The THC1068 is designed for bipolar {+0.5V) input
operation, but it can also be operated with unipolar

_positive (0 to +1V) and unipolar negative (0 to —1V)

inputs. For bipolar input operation, the OFFSET pin must
be unconnected. For unipolar positive operation, OFFSET
is connected to AgND- For unipolar negative operation,
OFFSET is connected to the REF pin. A 2 kOhm
potentiometer can be connected between OFFSET, REF
and AgNp to vary the DC offset of the input amplifier,
as shown in Figure 5. A 01uF decoupling capacitor to
AGND is located within the THC1068 on the OFFSET
pin.

The Agyt pin allows monitoring the analog signal at
the input to the flash converter and is normally left
unconnected. It has a nominal series resistance of 470
Ohms.
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RANGE and Rg

The RANGE pin allows optional adjustment of the or offset two's complement, in either true or inverted

reference voltage (gain) of the flash converter and is sense. The Output Coding Table shows the output

normally left unconnected. For reference adjustment, a formats possible with these pins. Note that in offset

2 kOhm potentiometer can be connected between REF, two's complement format, FS and ZS indicate midscale

RANGE and AgNp as shown in Figure 5. The nominal ~ codes rather than full and zero-scale codes, as shown in

input resistance of RANGE is 300 Ohms with 0.01uF the Output Coding Table. When left unconnected,

decoupling to Agnp- The Rg pin allows monitoring of internal pull-up resistors keep the outputs in true straight

the full-scale reference voltage to the flash converter hinary farmat

through a 470 Ohm series resistor. a

The data outputs of the THC1068 can be set into the
Convert high-impedance state with the OF control pin. The

. : outputs become high-impedance paints within tp|g after
Comersion ocurs Wit the samping tme afe fgygl {16, UE S wiched HGH and linis become vald
of the rising edge of CONV. The result is transferred to within tENA after switching OF LOW.
the output of the flash converter on the next rising edge Data
of CONV. Data for sample N is available at the output of
the THC1068 tp (Output Delay Time) after the rising The outputs of the THC1068 are TTL compatible,
edge of sample N+2, and is shown in Figure 1. capable of driving 10 LS loads or their equivalent. New

data becomes valid t[) after the rising edge of CONV.

Analog Input

The wideband input amplifier of the THC1068 provides
the current necessary to drive the input capacitance of The output flags of the THC1068 are not latched: they
the flash converter. The amplifier provides a gain of —2  are active even when the data outputs are in the high-
and has a nominal input impedance of 1000 Ohms. For  impedance state. The FS (active LOW) flag indicates that
lower impedances, a termination resistor should be the output bits of the flash converter are all HIGH.
added as close to the Ay pin as possible. The THC1068  Likewise, the ZS (active HIGH) flag indicates that the
is capable of digitizing sinusoidal signals up to 10MHz. output bits of the flash converter are all LOW. ZS and FS
The input amplifier has pulse response as shown in the  represent zero-scale and full-scale analog inputs only

Qutput Flags

Typical Performance Curves, with a full-power when the output code is in the straight binary format.

bandwidth in excess of 20MHz. The OQutput Coding Table shows the status of the
output flags for various input voltages and output code

Output Controls formats. Note that the flags indicate the status of the

flash converter output one clock cycle before it appears

The digital output of the THC1068 can be formatted at the output pins of the THC1088.

with the NMINV and NLINV control pins. These pins are
for D.C. (steady state) use and allow either straight binary
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Package Interconnections

Signal Signal
Type Name Function Value S7 Package Pins
Power VEE Negative Supply Voltage -5.2V 4
Vee Positive Supply Voltage +5.0V 6
DenD Digital Ground 0.0v 18
AGND Analog Ground 0.0v 22
Reference REF Reference Voltage Output 1.2v 1
OFFSET, Agyt OFFSET Input Range Offset Control 0.6V 24
Agut Amplifier Output Monitor Point 0to -2V 21
RANGE, Rg RANGE Reference Gain Control 1.0v 2
Rg Reference Voltage Monitor Point —2.08V 3
Convert CONV Convert TTL 19
Analog Input AN Analog Input —05to +0.5V 23
Output Controls NMINV MSB Invert, Active LOW TTL 5
NLINV All But MSB Invert, Active LOW TTL 20
OF Output Enable, Active LOW TTL 8
Data D4 MSB Output TTL 9
Dy TTL 10
D3 TTL 1
Dy TTL 12
Ds TIL 13
DB TTL 14
Dy L 15
Dg LSB Output TTL 16
Output Flags IS Full-Scale Flag TTL 7
ZS Zero-Scale Flag TTL 17
Output Coding Table
Binary Offset Two’'s Complement
Step Midpoints True Inverted True Inverted
1 LSB=3.92mV NMINV=1 NMINV=0 NMINV=0 NMINV=1
NLINV =1 NLINV=0 NLINV=1 NLINV=0
Dy...Dg FS|{zs| py...Dg| FS| zS| Dy...Dg | FS | ZS | Dy...Dg FS | zS
000 —0.5000V 00000000 1 1 1mim 0 0 10000000 1 0 01111111 1 0
001 —0.4961V 00000001 1 0 11111110 1 0 10000001 1 0 01111110 1 0
L] L] L] L] L] L)
L] L] L] L] L] L]
L] L] L] L] L] L]
126 —0.0059V 01111110 1 0 10000001 1 0 11111110 1 0 00000001 1 0
127 -0.0020v 01111111 1 0 10000000 | 1 0] 1 0 0 | 00000000 1 1
128 +0.0020V 10000000 1 0 [[ARERRRNI 1 0 00000000 1 1 mmim 0 0
129 +0.0059V 10000001 1 0 01111110 1 0 00000001 1 0 11111110 1 0
L] L] L] L] L] L]
L] L] L] L] L] L]
L] L] L] ° L] L]
254 +04961v | 110 f 1 | o | ooooooor | 1 o | o111110 | 1 0 | 10000001 1o
255 +0.5000V mmnn 0 0 00000000 1 1 01111111 1 0 10000000 1 0
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Figure 1. Timing Diagram
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Figure 2. Analog Input Circuit
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Figure 4. Digital Output Circuits
_—— Ve - —= - Vee -—— Vee
50O $x }}sx 120
—_— - 22K <
Ia
B b %
: S Gl
5KQ ' - ,": -7
>
25K
p—>D;_g —_
b < 15K
777
Figure 5. Connection of RANGE, REF and OFFSET Figure 6. Typical Interface Circuit
THC1068
1 Frer OFFSET! 24 KO NC—] 1 REF OFFSET 24— NC
10-TURN NC— 2 RANGE Ay 23 < ANALOG INPUT
KQ > 2 | RANGE NC—] 3 Rg Agnp zz——j
10-TURN -5V 4 Vg Agyt 21— NC
THC1068 10uF
g*- NC—]5 NMINV  NLINV 20— NC
+5v ¥ 6 Voo CONV 19 cLoCK
s L Dgnp 18
/F— 8 OF s 17—>Ne!
9 Dy Dg 16— Dg (LSB)
0 D, 0 s> 0
1 Dy Dg W——> D
|—1z D, Dy Bf————» D5
> 0,
— 5,
> D,
—> D, (MSB)
Note: 1. Output flags should be NC if not needed.
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Absolute maximum ratings (beyond which the device may be damaged)

Supply Voltages
Ve (measured to Dgyp) -05to +7.0V
VEg (measured to Agnp) +05to -7.0V
Agnp (measured to Dgyp) -05to +0.5V
Input Voltages ?
CONV, OE, NMINV, NLINV (measured to Dgnp) Ve to —0.5V
Ay (measured to Agnp) VEg to Ve a
Outputs
Digital outputs, applied voltage (measured to Dgyp) -05to Ve
Digital outputs, applied current 50mA
Short-circuit duration (single output to GND) Infinite
Temperature
Operating, case —60 to +140°C
Lead, soldering (10 seconds) +300°C
Storage —65 to +150°C

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

2. Applied voltage is current limited to specified range.

Operating conditions

Temperature Range
Standard Extended
Parameter Min Nom Max Min Nom Max | Units
Vee Digital Supply Voltage (measured to Dgnp) 4.50 5.0 5.50 4.50 5.0 550 | V
VEe Analog Supply Voltage (measured to Agyp) -49 -52 -55 -4.9 -5.2 -55 v
AgNp  Analog Ground Voltage (measured to Dgyp) -0.1 0.0 +0.1 -0.1 0.0 +0.1 \Y
tpwr  CONV Pulse Width, LOW 18 18 ns
tpwH  CONV Pulse Width, HIGH 22 22 ns
ViL Input Voltage, Logic LOW 0.8 0.8 \
VIH Input Voltage, Logic HIGH 22 22 '
VIN Input Voltage Range, REF and OFFSET Open -05 +05 -05 +0.5 '
Ta Ambient Temperature, Still Air 0 +70 °C
Tc Case Temperature —-55 +125 °C
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Electrical characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max | Units
lcc  Digital Supply Current Vo =Max, Static! 170 170 mA
Ieg  Analog Supply Current VEg=Max, Static! =370 -370 mA
RN Analog Input Resistance 970 1030 970 1030 Ohms
Ciy  Analog Input Capacitance 5 5 pF
L Input Current, Logic LOW Veg=Max, Viy=04V
NMINV, NLINV -33 -33 mA
OE -0.8 -08 | mA
CONV -12 -1.2 mA
4 Input Current, Logic HIGH Voo =Max, V=24V
NMINV, NLINV -20 -20 mA
OE +0.04 +0.04 | mA
CONV +0.1 +0.1 mA
lozL Output Leakage Current, Logic LOW! +50 +50 A
lozy Output Leakage Current, Logic HIGH' +50 +50 nA
lops  Short-Circuit Output Current Ve =Max, Output HIGH, one pin to
ground, one second duration max. —-200 —-200 mA
VgL Output Voltage, Logic LOW lgL=2mA 04 04 v
Vogy Output Voltage, Logic HIGH lgH=2504A 24 24 v
VRer Reference Voltage +1.138 +1.302] +1.138 | +1.302} V
G Digital Input Capacitance Tp=25°C, f=1MHz 15 15 pF
Note: 1. Worst case, OE=LOW.
Switching characteristics within specified operating conditions
Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Fg Maximum Conversion Rate Vee, VEg=Min
THC1068-1 25 25 Msps
THC1068 20 20 Msps
tsT0 Sampling Time Offset Vee: VEg=Min -15 0 -15 0 ns
tp Digital Output Delay Vee=Min 20 20 ns
tENA HIGH Impedance Enable Vee=Min 24 24 ns
tpis HIGH Impedance Disable Vee=Min 24 24 ns
toF Full-Scale Flag Delay Vee=Min 55 55 ns
tez Zero-Scale Flag Delay Vee=Min 100 100 ns

198 TRW LSI Products Inc.



THC1068 ey

System performance characteristics within specified operating conditions

Temperature Range
Standard Extended
Parameter Test Conditions Min Max Min Max Units
Ely Linearity Error, Integral 0.2 0.2 %
Elp Linearity Error, Differential 0.2 0.2 %
Q Code Size 15 185 15 185 % Nominal
tre Transient Response, Full-Scale 20 20 ng
n L ’
BW Full Power Input Bandwidth 10 10 MHz
SNR Signal-to-Noise Ratio 10MHz Bandwidth,
Fg=20Msps
RMS Signal/RMS Noise 1.248MHz Input 41 4 dB
2.438MHz Input 40 40 dB
Eap Aperture Error 60 60 ps
DP Differential Phase Fg=4x NTSC Subcarrier 1.0 1.0 Degree
DG Differential Gain Fg=4x NTSC Subcarrier 2.0 2.0 %
Typical Performance Curves
A. Power Supply Current vs. Temperature
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L m -195 (-
E
5 2 H —an -
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£ 110 [ £ -5
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B. SNR vs. Analog Input Frequency C. Input Amplifier's Pulse Response
Fg = 25MSPS
B 50
p
5 _———\_
w W0
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=
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Evaluation Board

The THC1068E1C is a Eurocard-style printed circuit board
designed to aid in the evaluation of the THC1068 A/D
converter. The board dimensions are 100mm x 160mm
with a standard 64 pin double-row DIN male connector
installed. A complementary 64 pin double-row DIN
female connector is included with the board.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the top is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
1/0 and clocks. The circuitry on the board includes all
power supply decoupling required for the THC1068, and
a TDC1012 12-bit D/A converter which may be used in
evaluating certain parameters of the THC1068.

The board is calibrated and tested at the factory and is
supplied complete with THC1068 and TDC1012 installed.

Power and Ground

Two power supply voltages are required for the operation
of the THC1068E1C: Voo=+5V and VEg=—5.2V. All
power inputs are decoupled to a single solid ground
plane, GND. All GND pins of the board are connected to
the ground plane and it is recommended that all GND
pins be used.

A/D Converter Inputs

The clock to the THC1068, CONV, is brought onto the
board by way of edge connector pin B2. A 51.1Q
resistor, R13 may be installed on the board for
terminating 50Q clock signals. The DIP switch controls
OE, NLINV, NMINV and the GAIN and OFFSET
adjustment potentiometers. OE, NLINV and NMINV are
pulled to a logic HIGH when their corresponding switch
is open.

200

The analog signal input to the THC1068, Ajy is brought
onto the board through the SMA connector labeled
"AIN" near pin 23 of the THC1068. A terminating
resistor, R14, is included on the board for terminating the
analog input signal cable.

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

The eight data outputs of the THC1068 are brought to
edge connector pins B13 through B21 (excluding B18).
These pins are located directly across the edge connector
from the corresponding data inputs of the TDC1012 D/A
converter to simplify connection of A/D outputs to D/A
inputs.

D/A Converter Inputs

The clock to the TDC1012, CLK, is normally brought onto
the board through an SMA connector labeled “CLK"”
near pin 16 of the TDC1012. A location for a terminating
resistor, R6 is provided for clock cable termination. The
clock input to the TDC1012 is also brought to the edge
connector pin B24. '

D/A converter outputs are brought to SMA connectors
labeled OUT+ and OUT— as well as edge connector
pins B28 and B27. Load resistors of 51.1Q are provided
on the board to source-terminate a 50Q cable connected
to the board.

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

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

TRW LSI Products Inc.
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THC1068E1C Silkscreen Layout
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THC1068E1C Circuit Side Layout

THC1068E1C Eurocard Edge Connector Pinout

GND A32
GND A31
GND  A30
GND A29
GND A28
GND  A27
GND A26
GND A25
GND A24
GND A23
GND  A22
D/A D; MSB A21
D/A Dy A20
D/A D3 A19
GND A18
DIADg A17
D/A D5 A6
D/A Dg A5
D/A Dy A4
D/ADg A13
NC A12
NC A11
NC A10
NC A9
NC As
NC A7
NC AS
NC A5
GND A4
GND A3
GND A2
GND A1
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B32
B31
B30
B29
B28
B27
B26
B25
B24
B23
B22
B21
B20
B19
B18
B17
B16
B15
B14
B13
B12
B11
B10
B9
B8
B7
B6
B5
B4
B3
B2
B1

V- (-15V)
V+ (+15V)
NC
NC
D/A OUT+
D/A OUT-

NC

A/D D1 MSB
A/D Dy
A/D D3
Vee (+5V)
A/D Dg
A/D Dsg
A/D Dg
A/D Dy
A/D Dg LSB
NC

NC

NC

NC

NC

NC

NC

NC

NC

NC

A/D. CONV
VEE (-5.2V)

Mating Connectors for THC1068E1C

AMP
AMP

Robinson-Nugent
Robinson-Nugent

Souriau
Souriau
Souriau

532507-2
532507-1

RNE-64BS-W-TG30
RNE-64BS-S-TG30

8609-264-6115-7550E1
8609-264-6114-7550E1
8609-264-6813-7550E1

TRW LSI Products Inc.
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Figure 7. THC1068E1C A/D Converter Schematic Diagram
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Figure 8. THC1068E1C D/A Converter Schematic Diagram
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Ordering Information

Product Temperature Range Screening Package' Package
Number Marking
THC1068S7C STD-Tp=0°C to 70°C Commercial 24 Pin Hermetic Metal DIP 1068S7C
THC1068S7C1 STD-Tp=0°C to 70°C Commercial 24 Pin Hermetic Metal DIP 1068S7C1
THC1068S7V EXT-Tg=-55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V
THC1068S7V1 EXT-Tg=-55°C to 125°C MIL-STD-883 24 Pin Hermetic Metal DIP 1068S7V1
THC1068EC ST Tp=0°C i 70°C Eurccard Format PC Board THCI068EC

Note: 1. V-grade will only be shipped in military packages.

C-grade will be shipped in commercial packages as available.

All parameters in this specification are guaranteed by design, characterization, sample testing or 100% testing, as appropriate. 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.

Life Support Policy — TRW LS| Products Inc. components are not designed for use in life support applications, wherein a failure or malfunction of the
component can reasonably be expected to result in personal injury. The user of TRW LS| Products Inc. components in life support applications assumes all risk of

such use and indemnifies TRW LS| Products Inc. against all damages.

TRW LSI Products Inc.
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Complete High-Speed A/D Converter

9-Bit, 37 Msps

The TRW THC1069 is a complete analog-to-digital
converter that combines all the circuitry required to convert
nigh-speed anaiog signais into S-oit aigitai data at rates up
to 37 Msps (Megasamples per second). The THC1069
comprises a wideband input amplifier stage, stable voltage
references, 9-bit flash A/D converter, and output data
register which makes the THC1069 very easy to use. The
THC1069 offers precision gain, linearity, offset, and
outstanding high-speed dynamic performance.

The THC1069 is housed in a 32-pin hermetic package
with guaranteed performance over the industrial (25 to
85°C) or military (55 to 125°C) case temperature ranges.
Military THC1069s are manufactured in compliance

with MIL-STD-883C in facilities certified and qualified

to MIL-STD-1772.

Features:

e 37 Msps Conversion Rate. Guaranteed

¢ (Guaranteed Performance Over All Operating Conditions
e Complete Analog Front-End

o Requires Only +5 And —5.2 Volt Power Supplies
o 1.5 Volt Input Range

¢ |nput Capacitance Less Than 10pF

¢ Range And Offset Externally Adjustable

¢ (utstanding Overload Recovery

e ECL Compatible

e QOverflow Output Flag

e |ndustrial Or Military Temperature Range

e 32-Pin Hermetic Package

Functional Block Diagram
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KQ
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+
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Applications

Broadcast And Studio Video

Medical Imaging

Magnetic Resonance Signal Acquisition
Radar

Digital Oscilloscopes

Spectrum Analysis

Pin Assignments

Veea 1 ﬁO O\\ 32 AgTN
Aenp 2| © O I3 Amn
VRer 3] © O []3 Agrr
OFFSET 4| © O ||l29 Vg
RANGE 5f[ O o (|2 Agnp
DNC 6 O O ||27 Vg
Agutr 7 O O (|26 Vg
Vegp 8 o O 25 Dq(MSB)
conv 9)| o o ||z b,
CONV 10 ) O 23 D3
Dgnp @) o 2 Dy
Dgnp 12 (0] O 21 Dy
oF 3|l o o ||lo g
oviR 1| o o ||lwe n;
DNC 15 (@) o 18 Dg
DNC 16 ko OJJ 17 Dg(LSB)

21557A

32 Pin Hermetic Metal DIP — S5 Package

Functional Description

General Information

The THC1069 is a complete 9-bit A/D converter in a
hermetically sealed 32-pin package. It has four major
functional sections: Wideband input amplifier stage,
voltage reference generator, monolithic 9-bit flash A/D
converter, and output data register. A/D converter gain,
offset, and linearity are calibrated at the factory.
Conversion is initiated (i.e., the analog input signal is
sampled) by the rising edge of the clock (CONV) signal.
Data corresponding to that sample is available three clock
cycles later as shown on the Timing Diagram.

Power

The THC1069 requires +5 and 5.2 Volts for operation.
VCCA (the positive analog power supply voltage) powers
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analog front-end and reference circuitry on the THC1069.
Ve should be decoupled to analog ground as shown in
the Typical Interface Circuit. The two negative power
supply voltages (VEEA and VEED) may come from the same
power source but should be separately decoupled

to reduce power supply noise. Decoupling capacitors of
10pF and 0.1yF should be placed as close to the power
pins of the THC1069 as possible. Small value (0.01uF)
decoupling capacitors are inside the THC1069 on each
power supply input.

Analog and digital grounds (AGND and DGND) are isolated
from each other inside the THC1069 to minimize crosstalk
and achieve optimum performance. It is recommended
that the THC1069 be mounted on printed circuit boards
with one solid ground plane used for all ground pins.
Analog and digital grounds may be kept separate if
required by the system grounding plan; however, the
voltage difference between AGND and DGND must be
kept LOW (within +0.1 Volt) and noise at the analog
input, A|N, referred to AGND must be kept as small as
possible in order to realize optimum performance.

Reference

A precision voltage reference is generated within the
THC1069. The VREF output has a nominal voltage of —2.0
Volts and can be used to drive external circuitry that may
require a stable voltage reference. A potentiometer
connected between VREF and AGND Wwith its wiper
connected to AQFF provides a stable method of adjusting
input offset voltage of the THC1069. Any external loading
on the VREF output should be limited to 5 milliamps.

Analog Input

The input amplifier of the THC1069 has a non-inverting
gain of two. When the AQFF input is connected to the
OFFSET output, the input amplifier is offset so that its
output swings from 0.0 to —2.0 Volts, matching the input
range requirements of the internal 9-bit flash A/D
converter.

ARTN is the ground reference point for the analog input
stage and voltage reference generator. It should be
connected to a low-noise ground point. The input
impedance of the THC1069 is 1k from A|N to AGND.
For impedance matching and lower noise in all
applications, a termination resistor or low-impedance
driver should be located as close to the A|N pin as
possible.

TRW LSI Products Inc.
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Offset Adjustment CONV

The THC1069 is designed for, and its performance The THC1069 reguires a differential ECL clock signal,

guaranteed for, the £0.5 Volt input range. This input range  CONV and CONV. The analog signal is sampled at tSTQ

results when AQFF is connected to OFFSET. A 1 or 10kQ (Sampling Time Offset) after the rising edge of CONV. The
potentiometer connected between VREF and AGND with its  nine data and two overflow digital outputs are synchronous

wiper connected to AQFF will provide a variable DC offset.  with respect to the rising edge of CONV. Data for sample

Decoupling capacitors of 0.1 and 0.01uF should be N becomes valid tp after the rising edge of the N+2 CONV

connected from AQFF to ARTN to reduce noise injection pulse and remains valid until tyQ after the rising edge of

into the THC1069. Both unipolar positive (0.0 to +1.0 Volts)  CONV N+3 as shown on the Timing Diagram. a
and unipolar negative (0.0 to —1.0 Volts) input ranges are

possible by varying the DC voltage applied to AQFF- Data Outputs

The AgFF pin is a high-impedance offset adjustment point | ¢ data land ovehrf low outputs of the THC1069 are ECL-

for the THC1069. This input is connected directly to a compatible and their operation is synchronous with respect
. -f . : to CONV. The overflow flags, OVFR and OVF, originates

wideband amplifier and may be varied at high rates and from the internal flash A/D rter of the THC1069. It

even used as an alternate analog signal input. Care must .romn I$r"|]1 erma 'ths tC?n‘é%Ne\; 0 OVIs i GH

be taken (by proper decoupling) in applications where this 'Sr?y chro tgus "‘ﬁ resg&tar(]: 0 t fih TH%%%%Q d

pin is used for DC offset control to prevent high-frequency ~ Wnenever the voitage at the input of the S BXCeeds

the most positive full-scale value. OVFR is a registered

noise from being introduced into the THC1069. The voltage ;
present at the AQFF pin is amplified with a gain of 2. gf\{grs'og\?sl and emerges from the THC1069 one CONV cycle

Analog Qutput Do Not Connect

DNC (Do Not Connect) pins are connected to internal test
points used in the factory calibration of the THC1069.
These pins should be left unconnected.

The AguT pin allows monitoring of the 0.0 to —2.0 Volt
analog signal at the flash converter input and is normally
left unconnected. AQuT is isolated from the flash A/D
converter input with a series resistor of 470Q.
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Package Interconnections
Signal Signal )
Type Name Function Value Pin
Power, Ground _-Veea Positive Analog Supply +5.0V 1
- VEEA _ Negative Analog Supply -5.2V 21,29
VEED . Negative Digital Supply -5.2V 8,26
AGND Analog Ground 0.0V 2,28
..DGND Digital Ground 0.0V 11,12
Analog Inputs AIN Analog Signal Input +0.5V 31
ARTN Analog Input Return 0.0V 32
AQFF Input Offset Control text 30
RANGE Range Adjust open 5
Analog-Outputs VREF Reference Qutput -2.0V 3
AouT Amplifier Monitor Point 0to -2V 7
OFFSET Divider output +1.0V 4
Digital Inputs CONV Convert ECL 10
' _ CONV “Convert complement " ECL 9
Digital Outputs OVF Overflow Flag ECL 13
OVFR Registered Overflow Flag ECL 14
D1(MSB) Most Significant Bit ECL 25
D2 ECL 24
D3 ECL 23
Dy ECL 22
Dg ECL 21
Dg ECL 20
D7 ECL 19
Dg ECL 18
Dg (LSB) Least Significant Bit ECL 17
Not Used DNC Do Not Connect Open 6, 15,16

Figure 1. Timing Diagram
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N+2

Dy.g. OVFR

DATA
N-2

XXXXX W1 XXXXX "V X

tho >
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Figure 2. Equivalent VREF Input Circuit

Figure 3. Equivalent Digital Input Circuit

é oDgnp
Vore < +2.5V -
REF < VReF
3K 1K
CONV CONV
OFFSET |
0 i— P aK I 0 ‘L @
VeeD 215604
RANGE 21559A
Figure 4. Equivalent Output Circuits Output Coding
Dgnp O Input D1...D10. OVF, OVFR
|) Voltage MSB LSB
s >0.500V 0 0000 0000 1
¢——oD +0.500V 0 0000 0000 0
oD +0.498V 00000 0001 0
%’ +0.496V 000000010 0
VEEDO- . .
OUTPUT EQUIVALENT CIRCUIT 40,008V 111111110 0
TO OUTPUT PINO- _I_ +0.002v [REREREEE! 0
20pF 5000 0.000V 0 0000 0000 0
LOAD1 —0.002v 00000 0001 0
TEST LOAD FOR DELAY = -0.004V 00000 0010 0
MEASUREMENTS 20V 215614 . .
-0.496V 111111101 0
-0.498V 111111110 0
~0.500V IREREREER 0
<05V 1111111 0
Notes: 1. Input range =+0.5 Volts.
2. . Voltages measured at code centers.
TRW LSI Products Inc. n




THC1069

y Y
Absolute maximum ratings (beyond which the device may be damaged)’
Supply Voltages
VeeAa (Measured to AGND) -0.5t0 +7.0V
VEEA (Measured to AGND) +0.5t0 -7.0V
VEED (Measured to DgND)- +0.5t0 7.0V
AGND. ARTN (Measured to DgnD) -0.5t0 +0.5V
Input Voltages?
CONV, CONV (Measured to DGND) DGND to VEED
AIN (Measured to AGND) VEEA to VCCA
AQFF, RANGE (Measured to AGND) VEEA to VCCA
Outputs23
Digital Outputs, Applied Voltage (Measured to DGND) +0.5to VEED
Digital Outputs, Applied Current, Externally Forced 50mA
Short-Circuit Duration (Single Output to DgND) Unlimited
Temperature )
Operating, Case -60to +135°C
Lead, Soldering (10 Seconds). +300°C
Storage —65to +150°C

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

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

3. Forcing voltage must be limited to specified range.

Operating conditions

Temperature Range
Industrial Military
Parameter Min Nom Max Min Nom Max Units
Veea Positive Analog Supply Voltage 45 5.0 5.5 45 5.0 55 v
(Measured to AGND)
VEEA Negative Analog Supply Voltage -4.9 -5.2 -5.5 -4.9 -5.2 -55 v
(Measured to AGND)
VEED Negative Digital Supply Voltage 4.9 -5.2 -55 -4.9 -5.2 -55 \
AGND.ARTN  Analog Ground Voltage -0.1 0.0 0.1 0.1 0.0 0.1 \Y
(Measured to DgND)
tPWL CONV Pulse Width LOW 12 12 ns
tPWH CONV Pulse Width HIGH 15 15 ns
ViL CONV, CONV Input Voltage —1.52 —1.52 v
VIH CONV, CONV Input Voltage -0.99 -0.99 v
VRANGE Voltage on Pin 5, No Load 1.8 20 22 1.8 20 22 \
Tc Case Temperature -25 85 55 125 °C

212
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Electrical characteristics within specified operating conditions
Temperature Range
Industrial Military
Parameter Conditions Min Max Min Max Units
Icc Positive Supply Current Vie = Max! 90 95 mA
IEEA + IEED  Negative Supply Current VEEA. VEED = Max -1030 -1095 mA
RIN Analog Input Resistance 980 1020 980 1020 Ohms
Cin Analog Input Capacitance 5.8 88 oF
hL Input Current, Logic LOW VEED = Max, V|N =-1.7V 0.7 0.9 mA
IIH Input Current, Logic HIGH VEED = Max, V|N =-0.7V 0.75 0.95 mA
VoL Output Voltage, Logic LOW OVFR and D1.g Outputs! -1.575 -1.575 \
OVF Output? -1.6 -15 v
VoH Output Voltage, Logic HIGH OVFR and D1.9 Outputs! -0.89 -0.89 v
OVF Output? -0.95 -1.1 v
VREF 2.5V Reference Output Voltage 249 251 244 2.56 v
ViovouT 1.0V Output Voltage Ta=25°C 0.99 1.01 0.99 1.01 \
Cy Digital Input Capacitance Ta=25°C, f=1MHz 20 20 pF
Note: 1. Standard 10kH ECL test load: 100Q to —2.0V
2. ECL Test load: 500€2 to —2.0V
Switching characteristics within specified operating conditions
Temperature Range
Industrial Military
Parameter Conditions Min Max Min Max Units
Fs Maximum Conversion Rate 37 37 MSPS
tSTO Sampling Time Offset -4.5 0.6 —45 0.6 ns
tpo Digital Output Delay!.2 10 10 ns
tDOVF OVF Output Delay3 27 21 ns
tHO Output Hold Time1.2 5 5 ns
Note: 1. Standard 10kH ECL test load: 100Q to -2.0V
2. OVFRand D1-g outputs
3. OVF output, standard ECL test load: 5002 to 2.0V
213
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System performance characteristics within specified operating conditions
Temperature Range
Industrial Military

Parameter Conditions Min Typ | Max | Min Typ Max | Units
Et) Linearity Error, Integral 0.075 0.15 0.075 0.15 %
Eip Linearity Error, Differential 0.06 0.1 0.06 0.1 %
tTR Transient Response Full-Scale 50 65 50 65 ns
tOR Overload Recovery Time 100% Overange 40 55 40 55 ns
BWFs  -3dB Bandwidth VIN = Full-Scale 50 75 50 75 MHz
BWss -3 dB Bandwidth VIN =—20dB 60 85 60 85 MHz
SNR Signal-to-Noise Ratio, fIN = 1.0MHz 53 54 52 54 dB

fIN =5.0MHz 52.5 53.5 51.5 53.5 dB

fiN = 10.0MHz 52 53 51 53 dB
THD Total Harmonic Distortion fIN = 1.0MHz -58 -51 -58 -51 dBc

fIN = 5.0MHz —48 —46 48 44 dBc

fiN = 10.0MHz 44 -4 44 -395 | dBc
SINAD  Signal-to-Noise and Distortion fIN = 1.0MHz 49 52 49 52 dB

fiN = 5.0MHz 45 475 43 415 dB

fiN = 10.0MHz 405 | 43 39 43 dB
EAP Aperture Error 50 50 ps
DP Differential Phase fg = 14.3 MHz 0.3 05 0.3 °
DG Differential Gain fg =14.3 MHz 1.0 1.5 1.0 %

Typical Interface Circuit

The THC1069 has a user-adjustable reference voltages.
This reference voltage is laser-trimmed during the
manufacturing process to optimize DC performance

and may be adjusted by an external potentiometer. The
external 10k potentiometer, connected between VREF
and AgND with wiper driving the RANGE pin, varies the
reference voltage to the internal A/D converter. The effect
is a change in the A/D converter “gain.”

Should the system design require a signal gain adjustment,
a 200Q variable resistor in series with the input signal may
be used. When the 2002 potentiometer is centered, the
attenuation is approximately —0.8dB and an adjustment
range of 0.8 dB is available. This corresponds to a +10%
adjustment range for gain. With RT = 52.4Q, the total
terminating impedance varies from 49.8 to 50.2Q as the
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potentiometer is varied from one end to the other. With
RT = 80.5Q2, the total terminating impedance varies from
74.5 10 75.4Q as the potentiometer is varied from one end
to the other. If an amplifier drives the THC1069 instead of
a coaxial cable, no Rt is required. Both methods of gain
adjustment are shown in the Typical Interface Circuit.

Offset adjustment is also illustrated in the Typical Interface
circuit. Here, a 10k potentiometer connected between
VREF and AgND with wiper driving the AQFF pin gives

+1 Volt of offset adjustment range.

Careful attention should be paid to power supply

decoupling as shown. The use of ferrite beads to aid
power supply noise rejection is optional.

TRW LSI Products Inc.
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Typical Interface Circuit
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Evaluation Board

The THC1069E1C is a Eurocard-style printed circuit board
designed to optimize the performance of, and to aid in
the evaluation of, the THC1069 A/D converter. The
board dimensions are 100mm x 160mm with a standard
64-pin double-row DIN male connector installed. A
complementary 64-pin double-row DIN female connector
is included with the board. The circuitry on the board
includes the THC1069 A/D converter, a TDC1112 12-bit
D/A converter, provision for an optional THC4940 Track/
Hold amplifier and timing generator for generation to the
Track/Hold pulse for the THC4940.

The board employs only two conducting sides. Most of
the circuit interconnections are on the bottom of the
board while the top is mostly solid ground plane. SMA
connectors are installed on the board to facilitate analog
I/0 and clocks. The board is calibrated and tested at the
factory and is supplied complete with THC1069, TDC1112
and timing generator components installed.

TRW LSI Products Inc.

Power and Ground

Only two power supply voltages are required for the
operation of the THC1069E1C when no Track/Hold is used:
Ve =45, VEE =-5.2 Volts. When the optional THC4940
is installed, two additional power supplies are required:
V+=+15and V- =-15 Volts. All power inputs are
decoupled to a single solid ground plane, GND. All GND
pins of the board are connected to the ground plane and

it is recommended that all GND pins be used.

A/D Converter Inputs

The clocks to the THC1069, CONV and CONV come from
the timing generator section of the board. The input to
the timing generator is normally brought onto the board
through the SMA connector labeled “CONV.” By installing
jumper J1, differential CONV and CONV signals are

routed through the edge connector on pins A2 and B2.
Terminating resistors, R32 and R33 are installed on the
board for terminating the single-ended CONV SMA input.
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Terminating resistors, R27, R28 and R29 are installed on
the board for terminating the differential CONV inputs from
the edge-connector. The timing generator provides proper
levels and pulse widths to both the THC1069 A/D converter
and the optional THC4940 Track/Hold amplifier.

The analog signal input to the THC1069E1C is brought onto
the board by way of the SMA connector-labeled “A/D
AIN.” A terminating resistor, R19, is included on the board
for terminating the analog input signal cable.

The AOUT SMA location allow monitoring of the analog
signal within the THC1069 just prior to the internal flash
A/D converter. The gain and offset of the THC1069 can be
adjusted by turning all three DIP switches to their ON
position and using the GAIN and OFFSET potentiometers,
R47 and R48.

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

The nine data outputs of the THC1069 are brought to edge-
connector pins B3 through B11. These pins are located
directly across the edge-connector from the corresponding
data inputs of the TDC1112 D/A converter.

D/A Converter Inputs

The clock to the TDC1112, CLK, is normally brought onto
the board through an SMA connector labeled “CLK" near

216

pin 16 of the TDC1112. The clock input to the TDC1112 is
also brought to the edge-connector pin B24. Resistors, R7
and R8, provide a Thevenin equivalent 130Q termination
for the CONV signal. R5 and R6 bias the CONV input to the
TDC1112 near the ECL threshold level.

D/A converter outputs are brought to SMA connectors
labeled OUT+ and OUT- as well as edge-connector pins
B27 and B26. Load resistors of 51.1Q are provided on the
board to facilitate 50€2 cable connection to the board.

Potentiometer R11 is used to adjust the reference voltage
to the TDC1112. This voltage is adjusted to —1.0V as part
of the factory test and calibration procedure.

Placing a jumper in the location labeled “FT" will put the
TDC1112 into feedthru (unclocked) mode. This eliminates
the requirement for a D/A clock signal, but will degrade the
fidelity of the TDC1112 reconstruction signal.

THC4940 Track/Hold Amplifier Option

A THC4940 may be added to the THC1069E1C just prior to
the THC1069 A/D converter. When the THC4940 is used,
+15 and —15 Volt power supplies are required on edge-
connector pins B28 and B32 respectively. The analog
signal input is connected to the SMA labeled “T/H AIN”
which has a terminating resistor R22. When the THC4940
is used, terminating resistor R19 should be removed.

TRW LSI Products Inc.
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THC1069E1C Silkscreen Layout
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THC1069E1C A/D Converter Schematic Diagram
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Evaluation Board Pin Assignments Mating Connectors for THC1069E1C
GND A32 B32 Ve (+5V) AMP 532507-2 Wire-wrap
GND  A31 B31 N/C AMP 532507-1 Solder tail
GND A3 B30 V-(-15) Robinson-Nugent RNE-64BS-W-TG30 Wire-wrap
GND A2 B29  N/C Robinson-Nugent  RNE-64BS-S-TG30 Solder tail
GND A28 B28  V+(+15V)
GND A27 B27 D/A ouUT- Souriau 8609-264-6115-7550E1 Wire<wrap
GND A26 B26 D/AOUT+ Souriau 8609-264-6114-7550E1 Solder tail
GND A25 B25 N/C Souriau 8609-264-6813-7550E1 Soldertail,
GND A2 B24 D/ACONV right-angle bend
GND A23 B23 D/ACONV
GND A2 B22 N/C
GND A21 B21 GND
GND A2 B20 N/C
GND A19 B19  VEg(-5.2V)
GND  A18 B18 N/C
GND A17 B17 GND
GND Al6 B16 N/C
GND A15 B15 N/C
GND Al4 B14  VEg(-5.2V)
GND A13 B13 N/C
GND A12 B12 N/C
D/ADMSB Al B11 A/DDqMSB
D/AD2  A10 B10 A/DD)
D/AD3 A9 B9 A/DD3
D/AD4 A8 B8 A/DDy
D/AD5 A7 B7 A/DDg
D/AD6 A6 B6 A/DDg
D/AD7 A5 B5 A/DDy
D/ADS A4 B4 A/DDg
D/ADgLSB A3 B3  A/DDgLSB
ADTONV A2 B2  A/DCONV
GND A1 BT  GND

TRW LSI Products Inc.
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THC1069E1C component side layout
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Ordering Information
Product Package
Number Temperature Range Screening Package Marking
THC1069S58 IND - Tg =-25°C to 85°C Industrial 32 Pin Metal DIP THC1069S5B
THC1069S5V EXT - Tg =-55°C to 125°C MIL-STD-883 32 Pin Metal DIP THC1069S5V
THC1069E1C STD - T =0°C to 70°C - Eurocard PC Board THC1069E1C

All parameters in this specification are guaranteed by design, sample testing, or 100% testing as appropriate. TRW reserves the right to make changes to products and

specifications without notice. This information does not convey any license under patent rights of TRW LS| Products Inc., TRW Inc., or others.

Life Support Policy

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

Inc. against all damages.

TRW LSI Products Inc.
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Complete High-Speed A/D Converter

10-Bit, 25 Msps

The TRW THC1070 is a complete analog-to-digital
converter that combines all the circuitry required to convert
high-speed analog signals intc 10-bit digita! data at rates
up to 25 Msps (Megasamples per second). The THC1070
comprises a wideband input amplifier stage, voltage
references, and 10-bit flash A/D converter, which make the
THC1070 very easy to use. The THC1070 offers precision
gain, linearity and offset performance.

The THC1070 is housed in a 32-pin hermetic package with
guaranteed performance over the industrial (—25 to 85°C)
or military (=55 to 125°C) case temperature ranges.
Military THC1070s are manufactured in compliance with
MIL-STD-883C in facilities certified and qualified to
MIL-STD-1772.

Features:

e 20 Msps Conversion Rate, Guaranteed

e Guaranteed Performance Over All Operating Conditions
e Complete Analog Front-End

¢ Requires Only +5 And —5.2 Volt Power Supplies
e +0.5 Volt Input Range

¢ Input Capacitance Less Than 5.5pF

o (Offset Externally Adjustable

e (Qutstanding Overload Recovery

e TTL Compatible

¢ Qverflow Output Flag

e Industrial Or Military Temperature Range

e 32-Pin Hermetic Package

Applications

e Broadcast And Studio Video
® Medical Imaging
* Magnetic Resonance Signal Acquisition

® Radar

e Digital Oscilloscopes

e Spectrum A

nalysis

Functional Block Diagram
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Pin Assignments
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32 Pin Hermetic DIP - S5 Package

Functional Description

The THC1070 is a complete 10-bit A/D converterin a
hermetically sealed 32-pin package. It has three major
functional sections: Wideband input amplifier stage,
voltage reference generators, and a monolithic 10-bit
flash A/D converter.

Conversion is initiated (i.e. the analog input signal is
sampled) by the rising edge of the clock (CONV) signal.
Data corresponding to that sample is available two clock
cycles later. The output format is user-selectable between
binary and two's-complement.

Power

The THC1070 requires +5 and —5.2 Volts for operation.
VCCp (the positive digital supply voltage) and Ve (the
positive analog supply voltage) may be from the same
power source but should be decoupled to ground
separately as shown in the Typical Interface Circuit.
The two negative analog supply voltages (VEEA1 and
VEEA?) may also be from the same power source but also
should be separately decoupled. Decoupling capacitors
of 10uF and 0.1uF should be placed as close to the power
pins of the THC1070 as possible. Small value (0.01pF)
decoupling capacitors are inside the THC1070 on each
power supply input.

Analog and digital grounds are isolated from each other

inside the THC1070 to minimize crosstalk and achieve
optimum performance. It is recommended that the
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THC1070 be mounted on printed circuit boards with one
solid ground plane used for all ground pins of the THC1070.
Analog and digital grounds may be kept separate if
required by the system grounding plan, however, the
voltage difference between AGND and DGND must be kept
low {within £0.1 Volts).

Reference

A precision voltage reference is generated within the
THC1070. The VREF4+ and VREF— outputs have nominal
voltages of +2.0 and —2.0 Volts respectively, and can be
used to drive external circuitry that may require a stable
voltage reference. A potentiometer connected between
these terminals with its wiper connected to the AQFF pin
provides a stable method of adjusting input offset voltage.

Analog Input

The input amplifier of the THC1070 has a non-inverting
gain of +4 to match the £0.5 input range to the £2 Volt
range required by the internal 10-bit flash A/D converter.
An offset adjustment pin, AQFF. is provided for easy
adjustment of the input to accommodate any 1.0 Volt
peak-to-peak input range within a —2.0 to +2.0 Volt
window. ARTN is the ground reference point for the analog
input stage and voltage reference generator. It should be
connected to a low-noise ground point. The input
impedance of the THC1070 is 1kQ from Ay to ground. For
impedance matching and lower noise in all applications, a
termination resistor should be located as close to the A|N
pin as possible.

Offset Adjustment

The THC1070 is designed for, and its performance
guaranteed for, the £0.5 Volt input range. It can easily be
configured to operate with any other 1.0 Volt peak-to-peak
input signal in the range from +2.0 to —2.0 Volts by driving
the AQFF input. Both unipolar positive (0.0 to +1.0 Volts)
and unipolar negative (0.0 to —1.0 Volts) input ranges are
possible.

The AQFF pin provides a high-impedance offset adjustment
point for the THC1070. Since this offset input is wideband,
the offset may be varied at high rates and even used as an
alternate analog signal input. Care must be taken (by
proper decoupling) in applications where this pin is used to
inject a DC offset to prevent high-frequency noise from
being introduced into the THC1070. The voltage present at
the AQFF pin is amplified with a gain of —3.

TRW LS| Products Inc.
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For normal £0.5 Volt input operation, connect AQFF to
AGND. For an analog voltage range of 0.0 to —1.0 Volts,
connect AQFF to —0.667 Volts; for 0.0 to +1.0V, connect
AQFF to +0.667V. A 10K€2 potentiometer connected
between VREF+ and VREF— with its wiper connected to
AQFF will provide a variable DC offset. Decoupling
capacitors of 0.1 and 0.01pF should be connected from
AQFF to ARTN to reduce noise injection into the THC1070.

Analog Output

The AgUT pin allows monitoring of the 2.0 Volt analog
signal at the flash converter input and is normally left
unconnected. AQUT is isolated from the flash A/D
converter input with a series resistor of 470Q.

CONVert

The THC1070 requires a TTL clock signal, CONV. The
analog signal is sampled at tSTQ (Sampling Time Offset)
after the rising edge of CONV. The ten binary and 1
overflow digital outputs becomes valid after the next rising
edge of CONV. Data for sample N becomes valid tp after
the rising edge of the N+1 CONV edge and remains valid
until tHQ after the rising edge of CONV N+2 as shown on
the Timing Diagram.

TRW LS| Products Inc.

Output Format

The NMINV (Not MSB INVert) control allows the inversion
of the MSB to provide either binary or two's complement
output formats. The THC1070 contains a 5k pull-up
resistor for NMINV. The NLINV input of the internal flash
A/D converter is HIGH and is not available to the user. The
OVF output is not affected by the NMINV state.

Overflow

The overflow flag, OVF, originates from the internal flash
A/D converter of the THC1070. It is synchronous with
respect to CONV. OVF goes HIGH whenever the voltage
at the input of the THC1070 exceeds the most positive
full-scale value.

Data Outputs

The data and overflow outputs of the THC1070 are TTL
compatible and are capable of driving four low-power
Schottky TTL loads. Their operation is synchronous with
respect to CONV.

Do Not Connect

DNC (Do Not Connect) pins are connected to internal test
points used in the factory calibration of the THC1070.
These pins should be left unconnected.
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Package Interconnections

Signal Signal
Type Name Function Value Pin
Power VEEA1 Negative Analog Supply -5.2V 4

VEEA2 Negative Analog Supply 5.2V 5

veep Positive Digital Supply +5.0V 6

Veea Positive Analog Supply +5.0V 31

AGND Analog Ground 0.0V 23,30

DGND Digital Ground 0.0v 9
Reference VREF+ Positive Reference Output +2.0V 26

VREF- Negative Reference Qutput -2.0V 25
Analog Input AIN Analog Input +0.5V 28

ARTN Analog Input Return 0.0V 27
Offset Adjust AQFF Input Offset Control 0.0v 29
Analog Output Agut Amplifier Monitor Point +2.0V 3
Clock CONV Convert TTL 8
Format Control NMINV Format Control TTL 22
Overflow OVF Overflow Flag TTL 21
Data Output D1(MSB) Most Significant Bit TTL 19

Dy TTL 18

D3 L 17

Dy TTL 16

Ds TTL 15

Dg TTL 14

Dy TTL 13

Dg TTL 12

Dg TTL n

D10 (LSB) Least Significant Bit TTL 10
Not Used DNC Do Not Connect Open 1,2,7,20,24,32

TRW LS| Products Inc.
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Figure 1. Timing Diagram
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