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IMPORTANT NOTICE

Texas Instruments (T1) reserves the right to make changes to or to discontinue any

semiconductor product or service identified in this publication without notice. Tl

advises its customers to obtain the latest version of the relevant information to .
verify, before placing orders, that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current specifications
in accordance with TI's standard warranty. Testing and other quality control
techniques are utilized to the extent Tl deems necessary to support this warranty.
Unless mandated by government requirements, specific testing of all parameters
of each device is not necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does Tl warrant or represent that license, either express orimplied, is granted
under any patent right, copyright, mask work right, or other intellectual property
right of Tl covering or relating to any combination, machine, or process in which
such semiconductor products or services might be or are used.

Texas Instruments products are not intended for use in life-support appliances,
devices, or systems. Use of a Tl product in such applications without the written
consent of the appropriate TI officer is prohibited.

Copyright © 1992, Texas Instruments Incorporated
Printed in the U.S.A.



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard integrated circuits designed to provide highly reliable
circuits for peripheral support applications of microprocessor-based systems, DSP (digital signal processing) related
analog interfaces, video interfaces, video and high-speed converters, digitizing requirements that demand ADC and
DAC conversion, and general-purpose functions.

Tl data acquisition system circuits reprsent technologies from traditional bipolar through LinCMOS™, Advanced
LinCMOS™, and LIinEPIC™ processes. The LInCMOS™ and Advanced LinCMOS™ technologies feature
improvements in resolution, power consumption, and temperature stability. LinEPIC™ has both improved conversion
speed and reduced power consumption.

This data book (Volume 2 of 3) provides information on the following types of products.

¢ Single-Slope and Dual-Slope Analog-to-Digital Converters (ADC)

¢ Successive-Approximation Semi-Flash, and Flash ADC Converters

¢ Current Multiplying and Video DAC Converters

¢ High-Speed Converters for Control Applications

* Color Palette Chips for Computer Graphics

* Analog Interface Circuits for DSP Interface

* Analog Switches and Multiplexers

* Switched-Capacitor Filter ICs

* Other General-Purpose Functions
These products cover the requirments of PC and workstation multimedia applications such as audio, graphics,
communication applications, modems and cellular phones, video capture and image processing, industrial control and
disk-drive servo-loop control, automotive, electronic instrumentaion, consumer, digital audio and any DSP or
microprocessor-based system. New surface-mount packages (8-to-28 leads) include both ceramic and plastic chip
carriers, and the small-outline (D) plastic packages that optimize board density with minimum impact on
power-dissipation capability. Test equipment with handlers and automated assembly bonders strengthen the
production capabilities to provide a lower cost-to-performance ratio. Tl continues to enhance quality and reliability of
integrated circuits by improving materials, processes, test methods, and test equipment. In addition, specifications
and programs are contiuously updated. Quality and performance are monitored throughout all phases of
manufacturing.

The alphanumeric listing in this data book includes all devices contained in Volumes 1, 2, and 3. Products in this book
are shown in BOLD type. Thus, the reader can easily find the particular volume for a given device. Also included are
those new products added to this volume as indicated by a dagger(t). The selection guide includes a functional
description of each device by providing key parametric information and packaging options. Ordering information and
mechanical data are in the last section of the book.

Complete technical data for all Tl semiconductor products are available from your nearest Tl Field Sales Office, local
authorized Tl distributor, or by writing directly to:

Texas Instruments Incorporated
LITERATURE RESPONSE CENTER
P.O. BOx 809066

Dallas, Texas 75380-9066

We sincerely feel that this new 1992 Linear Circuits Data Book, Volume 2, will be a significant addition to your technical
literature from Texas Instruments.

LinCMOS, Advanced LinCMOS, and LInEPIC are trademarks of Texas Instruments Incorporated.
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ALPHANUMERIC INDEX

AD7524 ... . 3-3 LM23%A . ... .. ... .., VOL 3 LP339 ... ... VOL 3
AD7524M . 3-1 LM248 . ........ .. ... ..., VOL 1 LP2901 ............. ..., VOL 3
AD7528 ....... fereeeeea. 3-19 LM258 ... .. VOL 1 LT1004 ... ..t iiiieienn VOL 3
AD7528M ... T .......... .. 331 LM258A .. ... .. VOL 1 LT1007 ... i i VOL 1
AD7628 .... T cheer e . 3-43 LM285-1.2 ............... VOL 3 LT1007A ... . iiiiiiiia e VOL 1
ADCO803 ........cveveue. 2-3 LM285-25 ...... ... ..., VOL 3 LT1009 . ... iviiiiinnnnn VOL 3
ADCO804 ...........c00un. 2-9 LM293 ... .. VOL 3 LT1013 ... i i e i VOL 1
ADCOB05 ......civevnnnnn 2-3 LM293A ... .. VOL 3 LT1013A .. ... iiiienn VOL 1
ADCO0808 ......c.e0nuveu.. 2-15 LM301A .. ... .. . i VOL 1 LT1013D ... viiiiiennns VOL 1
ADCO80BM ..........covun. 2-21 LM306 .......... ... ..., VOL 1 LT1013Y ... i ii i VOL 1
ADCO809 ................ 2-15 LM307 ... e VOL 1 LT1037 .. ittt iiin e VOL 1
ADC0820B ....... [ 2-29 LM308 ........ ... ... VOL 1 LT1037A ... . i ii i VOL 1
ADCO0820C ..........00nn . 2-29 LM308A .. ... ... i VOL 1 LT1054 ....... ... VOL 3
ADCO831A .........cvuune 2-39 LM311 o VOL 3 LT1070 ... . it ii i VOL 3
ADCO831B .......cevvnunn 2-39 LM311Y ... VoL 3 LT1070HV ... ............ VOL 3
ADCO832A .........00veun 2-39 LM318 ... ... VOL 1 LT1071 .. . i VOL 3
ADCO0832B ....... P .. 2-39 IM324 ... ... VOL 1 LT1071HV . ... .. ... . ..., VOL 3
ADCO834A .......ccivveenn 2-47 LM324A .. ... ... ... ..., VOL 1 LT1072 ... . i VOL 3
ADC0834B ..... fhee e 2-47 LM324Y ... VOL 1 LT1072HV ... i i VOL 3
ADCO0838A ..... Creeseean . 247 LM336-25 ............... VOL 3 LT1084C ........civun.. VOL 3
ADCO0838B ........ seeeea. 2-47 LM337 .. e VOL 3 LTC1052 .. ... VvOL 1
ICL7135 ......cnu. cesee. 2-59 LM339 ... VOL 3 MC1445 . .......... .. VOL 3
LF347 .. VOL 1 LM339A ......... ... ..... VOL 3 MC1458 ...........uun VOL 1
LF347B ... .. it VOL 1 LM339Y ... VOL 3 MC1558 . ... .. VOL 1
LF351 .. i VOL 1 LM348 . ...... ... ... VOL 1 MC3303 ......iviiiiennnn VOL 1
LF353 ... i, VvVOL 1 LM358 . ......c.iiiin., VoL 1 MC3403 .........ivinnn VOL 1
LF411C ..o et VOL 1 LM358A .. ... i VOL 1 MC3423 ... ... ... VOL 3
LF412C .. . i VOL 1 LM358Y .......... ... ... VOL 1 MC34060 ...........cu.. VOL 3
LM101A ... VOL 1 LM385-1.2 ............... VOL 3 MC79L05C . ......cvvvnnn VOL 3
LM107 ... VOL 1 LM385B-1.2 .............. VOL 3 MC79LO5AC  ............. VOL 3
LM108 ... ..t VOL 1 LM385-25 .........0.iun VOL 3 MC79L12C ............... VOL 3
LM108BA ... ... . i VOL 1 LM385B-25 .............. VOL 3 MC79L12AC  ............. VOL 3
LM VOL 3 LM393 . ... ... VOL 3 MC79L15C ............... VOL 3
LM118 .o o VOL 1 LM393A ......... ... .. ... VOL 3 MC79L15AC  ............. VoL 3
LM124 .. VOL 1 LM393Y ... e VOL 3 MF4A-50 ......coneveunnn 8-3
LM139 .. e VOL 3 LM2900 .........c.ciun VOL 1 MF4A-100 ......vvec00ee.. 8-3
LM139A ... ... . . e VOL 3 LM2901 ........ . .., VOL 3 MFIOA ......cccvvvneea. 8-15
LM148 .. ..., . e VOL 1 LM2901Q ...... .. i VOL 3 MFIOC .......cicivvuea.. 8-15
LM1588 . ... VOL 1 LM2902 ............. . ... VOL 1 NE5S55 ...t VOL 3
LM1S8BA ... ... VOL 1 LM2902Q .......... ... VOL 1 NE555Y ... ... VOL 3
LM185-1.2 ... ... i VOL 3 LM2903 ... VOL 3 NES56 .......0iiviennnnn VOL 3
LM185-25 ... .viiiiiiie VOL 3 LM2903Q .........iuiinnn VOL 3 NE592 ......civiiiinnnnn VOL 3
LM193 ... VOL 3 LM2904 .......... .o VOL 1 NE5532 ... viiviiiiinnnn VOL 1
LM201A ... . i VOL 1 LM2904Q ................ VOL 1 NE55321 ... viiiiiinennn VoL 1
LM207 .. e VOL 1 LM2907 ........ .. VOL3 NES532A ... v iiiiiinnn VOL 1
LM208 ... ... VOL 1 LM2917 ... . VOL 3 NE5532AI . .........c. ... VOL 1
LM208A ........ ... VOL 1 LM2930-5 .........0vuivn. VOL 3 NE5534 ... .. viiiinnnnn VOL 1
LM211 e VOL 3 LM2930-8 .......ccivuiinn. VOL 3 NESS534A .......c.iivivnnnn VOL 1
LM218 ... VOL 1 LM3302 ....... .. VOL 3 OPO7C it iiiiien s VOL 1
LM224 ... .. VOL 1 LM3900 .......vvininnn VOL 1 OPO7D  ..i it iiinn e VoL 1
LM224A ... . . e VOL 1 LP111 VOL 3 OP27A .. it it VOL 1
LM236-25 ........c0 v VOL 3 LP211 . VOL 3 OP27C it i it i i VOL 1
LM237 ... e VOL 3 LP239 ....... . .. VOL 3 OP27E .. ittt it VoL 1
LM239 ... .. e VOL 3 LP311 . e VOL 3 (0] =2 ¢ T VOL 1
tNew devices added to this volume.
i
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ALPHANUMERIC INDEX

OP37A ... i i VOL 1 TLOBTA ... i VOL 1 TL499AC . ...... ... VOL 3
OP37C ... i ii it VOL 1 TLOGIB ......iiiiiinnnn VOL 1 TL500 ......... cesesaees 2=77
[0 2 I 4 =S VOL 1 TLO62 ... VOL 1 TL501 . ...t iiieena. 2-77
OP37G ...ttt iiiiinnn VOL 1 TLOB2A ... i iiiiii VOL 1 TL502 ......... feeesaees 2-77
RC4136 .......cvvvunnn VOL 1 TLOB2B ...t VOL 1 TL503 ......... ceesesees 2=77
RC4558 . .....ciivvvvnnn. VOL 1 TLOB4 ... . e VOL 1 TLS05C ... cviiencnnnnns 2-91
RC4558Y .....c.iiviinnn. VOL 1 TLOB4A ... i VOL 1 TL507 ....cvennnn eresees 2-99
RC4559 . .......vvvnunn VOL 1 TLOG4B ... . it VOL 1 TL592 ... VOL 3
RM4136 ............. .... VOL1 TLOBBC ..o i it VOL 1 TL592B ... i VvOL 3
RM4558 . ........ccvvvnnn VOL 1 TLOGGI ... i VOL 1 TL594C ... .. i VOL 3
RV4136 ............. ..... VOL1 TLOBBM . ... .. ... VOL 1 TLS94 ..t VOL 3
RV4558 .. .....ivviinvnnnnn VOL 1 TLOBBAC .........ivvunnn VOL 1 TL598 .. VOL 3
SA555 ........ e VOL 3 TLO70C ... i VOL 1 TL598M ... .. e VOL 3
SA556 ... VvOL 3 TLO71 i i e VOL 1 TLE01 . ...iiernrncnnanns 7-9
SE555 ... VOL 3 TLO71A .ot VOL 1 TL604 .......cciivvvenee. 7-9
SE555C ..., VOL 3 TLO7IB ..t VOL 1 TL607 .....icvvvevenene. 7-9
SE556 ... VOL 3 TLO72 it e VOL 1 TL610 .....ccevvevncana. 7-9
SES56C ... VOL 3 TLO72A ... e VOL 1 TL712 e e e VOL 3
SE592 ... VOL 3 TLO72B ... e VOL 1 TL714C . ... VOL 3
SE5534 ... ... VOL 1 TLO74 ot i e VOL 1 TL721 e e VOL 3
SES5534A .. ... VOL 1 TLO74A . ... o e VvVOL 1 TL750L05 ... .t VOL 3
SG2524 ... VOL 3 TLO74B ... e VOL 1 TL750L08 ........cvu.n VOL 3
SG3524 . ....... e VOL 3 TLOBOC ...t VOL 1 TL750L10 ... .. VOL 3
SN76494 . ........cciiunn VOL 3 TLO81 it e VOL 1 TL750L12 ... ii i i VOL 3
SN76494A . ......... ... VOL 3 TLOBTA ... ittt VOL 1 TL750MO5 . ... ii i VOL 3
SN76496 ......... vee.ve... VOL3 TLOBIB . .vv it iiiiean VOL 1 TL750MO8 . .............. VOL 3
SN76496A ........ [ VOL 3 TLO82 ... VOL 1 TL750M10 ... ..ot VOL 3
TLOIOC .. i VOL 3 TLOB2A ... ... i VOL 1 TL750M12 ... e VOL 3
TLO1OI .. i VOL 3 TLO8B2B ...t i i VOL 1 TL751L05 ..o i i VOL 3
0 VOL 3 TLO84 . ... VOL 1 TL751LO5SM ... o oi i VOL 3
TLO12 i e e VOL 3 TLOB4A ... ... i i VOL 1 TL751L08 ... o i i VOL 3
TLO14A .. i i VOL 3 TLO84B ........ ... VOL 1 TL751L10 ..o oo i VoL 3
TLO21T i e VOL 3 TLO87 ittt i e VOL 1 TL751L12 e VOL 3
TLO22C ...t VOL 1 TLOB8 . ittt i VOL 1 TL751L12M oo VOL 3
TLO22M  ....... [ VOL 1 TL182 ...iiiierineneeees 7-3 TL751MO5 ... .o i e VOL 3
TLO26C .. .vvviiian ..... VOL3 TL185 ...iiivenenennnees 7=3 TL751M08 . .............. VOL 3
TLO27C . i i VOL 3 TL188 ......... feeseaaas 7-3 TL751M10 ... o i e VOL 3
TLO31 ...... e et VOL 1 TL191 ... ettt iiietenes. T-3 TL751M12 ... VOL 3
TLO31A . i VOL 1 TLSCSI285 .......covvvnnn VOL 3 TL780-05 .. ..o viiiiinnn VOL 3
TLO32 .. i VOL 1 TL287 oo VOL 1 TL780-12 ... i i i VOL 3
TLO32A ... . i VOL 1 TL288 ... it VOL 1 TL780-15 .. .. .ciiiiiinn. VOL 3
TLO34 ...... e VOL 1 TLA30C . it it in e VOL 3 TL782C .. it i VOL 3
TLO34A ..... e e VOL 1 TL4A30I .. VOL 3 TL782Q ... VOL 3
TLO4OC .. it i i VOL 3 TLA31C .o i i i VOL 3 TL783C .. i VvOL 3
TLO41AC .......... 't .. VOL3 TLA3T o e VOL 3 TLOB08 ......covvvnsnea. 2=71
TLO44C ... it VOL 1 TLA3IM .. VOL 3 TLO8B09 .....cveven ceere. 2=71
TLO44AM . VOL 1 TL431AC ... it i i VOL 3 TL85T . VOL 3
TLO5T . e e VOL 1 TLA3TAL .. VvOL3 TL852 . it VOL 3
TLOSTA . i VOL 1 TL441AM ..o VOL 3 TL853 i ittt i i VOL 3
TLO52 .. ... e VOL 1 TL494 .. ... e VOL 3 TL1431C .. i ii i i VOL 3
TLOS2A ... it VOL 1 TLA9AM ... e VOL 3 TL1431Q ... i VOL 3
TLO54 ... i e VOL 1 TLA96C .. v ittt VOL 3 TL1431Y e i i i VOL 3
TLOS4A ... . it i VOL 1 TLA97AC .ttt VOL 3 TL1451AC ... i i ii e VOL 3
TLOBT ..ttt VOL 1 TLA97Al ... it i VOL 3 TL2217-285 . ... viiennnn VOL 3
i
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TL2828BY ....... ...l VoL 1
TL2828Z ...l VoL 1
TL2829Y ... ... VoL 1
TL2829Z .. g VOL 1
TLSS01 ... R AREEEEE 4-3
TL5601 ...........c0.... 49
TL5602 T ...... ee.. 4-13
TL7702A . ... i VOL 3
TL7702B ... ..ol VoL 3
TL7705A ... ... VOL 3
TL7705B ... ...l VOL 3
TL7709A . ... .l VOL 3
TL7712A ... VOL 3
TL7716A .. ..o VOL 3
TL7757 oo VOL 3
TL7759C ... e VOL 3
TL7770-5 ... i, VoL 3
TL7770-12 ..o VOL 3
TL7770-15 ... VOL 3
TL33071 ... VoL 1
TL33071A ... VOL 1
TL33072 ... ... VoL 1
TL33072A ... . VOL 1
TL33074 ..., VOL 1
TL33074A ... ..., VOL 1
TL34071 ... VOL 1
TL34071A .. VOL 1
TL34072 ... v VOL 1
TL34072A ... ... ..., VoL 1
TL34074 .. ..., VOL 1
TL34074A ... ... .. ..., VOL 1
TL35071 ..o VOL 1
TL35071A ... i VoL 1
TL35072 ........ .. e VOL 1
TL35072A ... i VOL1
TL35074 ........ ...l VOL 1
TL35074A ... ..t VOL 1
TLCO4 ...........cvevn.. 83
TLC10 .....iiiiiniinan. 8-15
TLC14 ... ... iiive.... 83
TLC20 ...........ccuv... 815
TLC139M ... e VoL 3
TLC251C ... . v, VOL 1
TLC251AC ... ... vvenn. VOL 1
TLC251BC  ..........ounnn VOL 1
TLC251Y . ovivii i VOL 1
TLC252C ... ... ... VOL 1
TLC252Y ... VOL 1
TLC254C ... ... ... VoL 1
TLC254Y ... VOL 1
TLC25L2C ... VOL 1
TLC25L2Y .. .viii VOL 1
TLC25L4C ... ... VOL 1
TLC25L4Y ... ..o VOL 1

tNew devices added to this volume.

TLC25M2C ... ...l VOL 1
TLC25M2Y . ... ... .. ... VOL 1
TLC25M4C ............... VOL 1
TLC25M4Y . .............. VOL 1
TLC271 ... VOL 1
TLC271A ... VOL 1
TLC271B ... v VOL 1
TLC272 ... VOL 1
TLC272A ... ... .. VOL 1
TLC272B ... ... VOL1
TLC274 ... VoL 1
TLC274A ... ... ... ... VOL 1
TLC274B ................ VOL 1
TLC277 .. VOL 1
TLC279 ... ...l VOL 1
TLC27L2 ... ... VOL 1
TLC27L2A ... ... .. ... VoL 1
TLC27L2B ............... VOL 1
TLC27L4 ... VOL 1
TLC27L4A ... ... ... ..., VOL 1
TLC27L4B ... ... .. ... VOL 1
TLC27L7 ... VoL 1
TLC27L9 ... .. VOL 1
TLC27M2 ... VOL 1
TLC27TM2A .. ... ...t VOL 1
TLC27M2B ............... VOL 1
TLC27TM4 ... ... VOL 1
TLC27TM4A ... ... ..l VOL 1
TLC27M4B . ......... .. ... VOL 1
TLC27TM7 .. VOL 1
TLC27TM9 . ... . VoL 1
TLC339C ... VOL 3
TLC339 ... VOL 3
TLC33M ...l VOL 3
TLC339Q ........cvuunnn . VOL3
TLC352C ... ..iviiiinns VoL 3
TLC3521 ... VOL 3
TLC352M ........... ..., VOL 3
TLC354C ................ VOL 3
TLC3541 ... VOL 3
TLC354M ... VOL 3
TLC371 . VOL1
TLC372C ... VOL 3
TLC3721 ... VOL 3
TLC372M ... VOL 3
TLC372Q ... i VOL 3
TLC374C . ... . i VOL 3
TLC3741 ..o VOL 3
TLC374M . ... ... VOL 3
TLC374Q .......... ..., VOL 3
TLC393C ...t VOL 3
TLC393l ... i VOL 3
TLC393M . ...l VOL 3

TLC532A ........ccvvvven. 2-105

TLCS33A nueennnnn..
TLCS40
TLCS41
TLC542 .
TLC545
TLCS46
TLC548 ..
TLCS49 ...
TLCSS1C e,
TLCBSAY oo,
TLCS52C oo,
TLCBS5C oo,
TLCSSS!I
TLCSSEM .« oeeeeeee. ..
TLCSEEY e,
TLCS56C v oo,
TLCS556!
TLCBSEM . ooeeee. ..
TLCOB20A «n'vevunnnnnns
TLCO0820B
TLC1078 . ... i
TLCI079 e,
TLenizs L. 5L

Tetzes L. T
TLC1540 .......

TLC1541 ..
TLC15501 ..
TLC15511 ..
TLC2201
TLC2201A e,
TLC2201B oo,
TLC2201Y o,
TLC2202 '«
TLC2202Y e,
TLC2272 v,
TLC22T2A oo,
TLC2272Y i,
TLC2652 .+,
TLC2B52A +oeeeeeeeenn..
TLC2652Y ...
TLC2654 v\,
TLC2654A oo,
TLC2654Y oo,
TLCB702C e,
TLCB7021 oo,
TLCB702M .« eeeeeeenn..
TLCB702Q e,
TLCB704C e,
TLCB704l oo,
TLCB704M oo
TLCB704Q oo,
TLCAOIE weneernnnannnns
TLCA066 ..
TLCS502-5 .

Texas
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TLess032 L.t a2z
TLC55035 ... . u..uiiii... 437
TLes602 ...t 4-47
TLCS602A «ruvervnnennnn. 4-47
TLCT135 wuvvnnrreeenenn.. 2-59
TLC7528 +ovvueeenaneenn.. 353
TLC7528 «evvneeenannnnn.. 3-61
TLC7628 +evvverrnnreenn. 375
TLC32040 ... ... ... ... 537
TLC32081 nrneernnnnnn.. 5237
TLC32082 ..urrennnee.. 537
TLC32044 .. uveunreeeeen.. 569

TLC320448M ... .......... 5-103
TLC32045 . oerennnns ... 5-135
TLC32046 . ooennerennnnnn 93

TLC32047 «rnernnnn. e. 055
TLC32071 ve'eeenrennnnn. 5173
TLC34058 ... ... .. .... 63

TLC34075 ... . . ...... 9109
TLE2021 oo e VoL 1
TLE2021A ©vvveeeenn VOL 1
TLE2021B ' vvveeeeennns VoL 1
TLE2021Y . veveeennn VOL 1
TLE022 e VoL 1
TLE2022A . vvveeeeennns VoL 1
T R VoL 1
TLE2022Y vt VOL 1
TLED024 v VOL 1
TLE2024A v, VOL 1
TLE2024B ', VOL 1
TLE2024Y .+, VoL 1
I VOL 1
TLE2O27A v VoL 1
TLE20B7 v VOL 1
TLE2087A « v VOL 1
TLE2OBT « v VoL 1
TLE2061A + s, VOL 1
TLE2061B .+ 'vevnnnns. VOL 1
TLE2061Y oo VOL 1
TLE2062 e VOL 1
TLE2O62A e VoL 1
TLE20B2B v vvveennn VOL 1
TLE20B2Y s, VoL 1
TLE2064 e VOL 1
TLE20B4A « v VoL 1
TLE20B4B -+ VoL 1
TLE20B4Y v VOL 1
TLE2082 s, VOL 1
TLE20B2A .+ vvnnns VOL 1
TLE2082Y . vveeeeanns VoL 1

TNew devices added to this volume.

TLE2141 . oviiiiniann ... VOL 1
TLE2141A  oovevninann... VOL 1
TLE2141Y vt VOL 1
TLE2142 ..., VOL 1
TLE2142A . ovvvnrininn. VOL 1
TLE2142Y  oiviiiannn VOL 1
TLE2144 . \ivveniennnnn.. VOL 1
TLE2144Y . .uivuieninnn VOL 1
TLE2161 v ovvvvrieninnnns VOL 1
TLE2161A . vvvinnennnn “voL 1
TLE2161B  vvveveenannns. VOL 1
TLE2227 i VOL 1
TLE2237 veriiiiinianas VOL 1
TLE2425C ...viivrninnn.. VOL 3
TLE24251 ..t VOL 3
TLE2425M  ..vveieninnn VoL 3
TLE2425Y ...ivviniinn... VOL 3
TLE2426 . ..iiininn.n. VOL 3
TLE2426Y .....viuinnn... VoL 3
UAT09C . ovvvvrinannnn.. VOL 1
UATOOM o otveeeeenens, VOL 1
UATO9AM ... VOL 1
UAT23C oot VOL 3
UAT23M oot VOL 3
7.V << T T VoL 3
1792 Y VOL 3
UATAIC ot VOL 1
UAZATL v iieeeanss VOL 1
17y Z 1Y VoL 1
UATA7C e VOL 1
UAZATM ooeteieiens VOL 1
UA7A8C i iviiriininnnn, VOL 1
UA2240C . \vvenennnenns VoL 3
UAZBO5 v ovvveeneannnnns VOL 3
UATB05Q .ttt VOL 3
UAZB0B . 'vveveereannnn.. VOL 3
17.V£:10): B VOL 3
UAZBI0 o ivviin i VoL 3
UATBIZ2 it VOL 3
17.97: 3o I VOL 3
1754 - T, VOL 3
1794 1 E VOL 3
UATB24 .t VOL 3
UA7BB5 ..ttt VOL 3
UA7BLO2C vvvevireeennnns VoL 3
UA7BLO2AC vovvvveinn... voL3
UA78LO5C . .'vvvrennnn.. VoL 3
UA7BLOBQ  ..vevnrnnnn.s VoL 3
UATBLOSAC . .vvvvrnn.. VoL 3
UA78LOSAQ . ...ovvevnnn.. VOL 3

UA78LO6C ............... VOL 3
UA78LOBAC .............. VoL 3
UA78LO8C ............... VoL 3
UA78LOBAC .............. VOL 3
UA78LO9C ............... VOL 3
UA78LO9AC .............. VOL 3
UA78L10C ............... VOL 3
UA78L1I0AC .............. VOL3
uA78L12C ............... VOL3
uA78L12Q .............. VOL 3
UA78L12AC .............. VoL 3
UA78L12AQ .............. VOL 3
UA78LI5C ............... VOL 3
UA78L15AC .............. VOL3
UA78MO5C . .............. VOL 3
UA78MOS5M . ........... .. VOL 3
UA78MO6C ............... VOL 3
UA78MO8C ............... VOL 3
UA78MO9C ............... VOL 3
VA78MI10C ............... VOL 3
UA78M12C ............... VoL 3
UA78MI2M ..., VoL 3
UA78MI5C ............... VOL 3
UA78M20C ............... VOL 3
UA78M24C ............... VOL 3
UA7905C ........... ..... VvoL3
UA7906C ...............e VOL 3
UA7908C ................ VOL 3
UA7912C ... .. oo, VOL 3
UA7915C ... ..o VoL 3
UA7918C .......... ... VOL3
UA7924C ...............n VvOL3
UA7952C .........ciiuinnn VOL 3
UA79MO5C ............... VOL 3
UA7OMOBM . ... VOL 3
UA79MO6C ... ... ... vuel VOL 3
UA79MO8C ........... .... VOL3
UA7OM12C ... ...l VOL3
UA7OMI2M ... VOL3
UA7OM15C ... .o VOL3
UA79M20C ........... ... VOL3
UA79M24C ......... .. .. VOL 3
UC2842 ...........0cnunn VOL3
Uc2843 ..........ovinnn VOL 3
ucag44 ................. VoL 3
ucas4s ................. VOL3
UC3842 ............cvuun VOL 3
Ucs3843 ......... ...l VOL 3
UC3844 ..........cvvvnnn VOL3
UC3845 ...........c.cuunn VoL 3
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DATA ACQUISITION AND CONVERSION

single-slope and dual-slope A/D converters
CONVERSION FUNCTION RESOLUTION SF:S')D TYPE PACKAGE P':\SE
Dual-Slope A/D with BCD Output 4 1/2 Digits 34 TLC7135 FN, N 2-59
ICL7135
4 1/2 Digits TL500
Dual-Slope Analog Processors — bw, J
3 1/2 Digits 80 TL501 277
Digital Processors With Seven-Segment Outputs 4 1/2 Digits TL502
Digital Processors With BCD Outputs 4 1/2 Digits TL503 N
Dual-Slope Analog 10 Bits 50 TL505 2-91
Pulse-Width Modulator for Single-Slope Converter 7 Bits 1 TL507 P 2-99
successive-approximation and semi-flash converters
ADDRESS UNADJUSTED
NAL INP .

AND SONR e Rl?rslglriu CONVERSION D|:SC::$F:0N ERROR TYPE PACKAGE PAGE
DATA I/0 ANALOG | ANALOG? BITS) SPEED (us)# (MW TYP) (MAX) NO.
FORMAT DEDICATED | DIGITAL +LSB

0.5 ADC0803 2-3
1§ 10 ADC0804 N 2-9
10 ' ADC0805 2-3
100 0.75 ADC0808 FN,N 2-15
0.75 ADC0808M FK, JD 2-21
8 1.25 ADC0809 2-15
o 8 0s 0.75 TLO808 FN,N 2-71
1.25 TLO809 2-71
Parallel 0.5 ADC08208 2-29
. . a5 1.0 ADC0820C DW, FN, 2-29
1.0 TLCO820A FK, J,N 2-29
05 TLC0820B 2-29
15 TLC532A 2-105
5 6 6 05 FN, N
30 TLC533A 2-105
1 0 10 6 10 =05 TLC1550 FN, N 5-29
*1 TLC1551
1 0 12 12 a5 *2 TLC1125 FN, N 5-3
1 0 12 12 45 1.0 TLC1225 DW, J, N 5-15

t Analog/digital inputs can be used either as digital logic inputs or inputs for analog to digital conversion. For example: The TLC532/3A can have 11 analog inputs, 5
analog inputs, and 6 digital inputs, or any combination in between.

¥ Includes access time

§ Ditferential input

i
Texas ‘V
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION
SELECTION GUIDE

successive-approximation converters

UNADJUST
ADDRESS SIGNAL INPUTS RESOLU- POWER USTED
AND Tion | CONVERSION | o ipaTION ERROR TYPE PACKAGE | PAGE
DATA 1/0 ANALOG | ANALOGT |  fire . | SPEED ()t | ° 070 (MAX) NO.
FORMAT | DEDICATED | DIGITAL =LSB
s 10 ADCOB31A
05 ADC0831B
p 2-39
n 10 ADCO832A
o o 05 ADC08328
10 ADCOB34A
a8 05 ADC08348 N
: 2-47
8 1.0 ADCO0838A N B
N
Serial 8 0.5 ADC0838B ’
y ) 13 . TLC540 .
25 TLC541 T 2-ns
8 40 10 TLCS542 FN, N 2123
13 TLC545
19 0.5 FN, N 2-131
25 TLC546
; 22 . TLC548 o P
25 TLC549 i 2-139
TLC1540
. a . FKEN,J N | 2147
1.0 TLC1541

t Analog/digital inputs can be used either as digital logic inputs or inputs for analog to digital conversion. For example: The TLC532/3A can have 11 analog inputs, 5
analog inputs, and 6 digital inputs, or any combination'fl between.

¥ Includes access time

§ Differential input

D/A converters (5 V to 15 V)

TTL COMPATIBLITY | RESOLUTION | SETTLING TIME PAGE
FUNCTION AT 15V BITS) ns) TYPE PACKAGE NO.
AD7524A N 3-3
Single Mutltiplying D/A AD7524J FN, N 3-3
Single Multiplying D/A AD7524M FK, J 3-11
N TLC7524 D, FN, N 3-53
o
AD7528B
8 100 AD7528K FN, N 3-18
Dual Multiplying D/A TLC7528M FK.J s-31
TLC7528 DW, FN, N 3-61
AD7628 FN, N 3-43
Yes TLC7628 DW,FN,N | 3-75
video interface palettes
PAGE
FUNCTION RESOLUTION SPEED TYPE PACKAGE NO
Triple 8-bit 80, 110, 135 MHz TLC34058 FN, PGA 6-3
Color Palette - —
Triple 8-bit with programmable pixel bus 66, 85, 110, 135 MHz TLC34075 FN 9-109

i
Texas 'b
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

SELECTION GUIDE
analog interface for digital signal processors
FUNCTION TRANSFER D;’:ﬁé"éc RESOLUTION SAMPLING ON-BOARD TYPE PAGE
CHARACTERISTICS @ITS) (BITS) RATE FILTERS NO.
TLC0820/
1 MHz (A/D) ADC0820 2-29
Discrete Interfaces Linear 8 8 No TLC7524 3-53
A/D and D/A 5 MHz (D/A) AD7524 3-3
5 MHz TLC7528 3-61
(Dual D/A) AD7528 3-19
) TLC320401
g'c?r:;)performance Linear 14 14 (Pro 1rsalrl(n‘-r'nzable) (Pro r:;smable) TLC320417 5-37
° 9 9 TLC32042T
TLC32044 5-69
16 kHz TLC32044M | 5-103
Voiceband AIC Linear 14 14 Yes TLC32045 5-135
25 kH TLC32046 93
z TLC32047 | 9-57
) ] 1.5 us ADC
High-Speed AIC Linear 8 8 100 ns DAC Settling Yes TLC32071 5-173

T The TLC32040 and TLC3204 1 have two differential inputs for the 14-bit A/D and a serial portinput for the 14-bit D/A. The A/D conversion accuracy
for this device is measured in'terms of signal-to-quantization distortion and also in LSB over certain converter ranges. The package types are
FN and N. Please refer to the data sheet.

high-speed converters

CONVERSION POWER
ci’ﬂl,'gi‘%ﬂ" REs(g::rl‘g'ON FREQUENCY DISSIPATION TYPE PACKAGE P:gE
(MHz) (mW) :
vi R 6 300 TL5501 N 4-3
deo A/D Converter 8 TLC5503-2 DW, N 27
6 20 325 TL5601 N 4-9
Video D/A Converter 8 375 TL5602 N 4-13
125 TLC5602 DW, N 4-47
Flash A/D 8 10 300 TLOS%9S DW, N il
ash A/ TLC5502-5 ' 17
analog switches and multiplexers
POWER VOLTAGE TYPICAL PAGE
FUNCTION SUPPLIES RANGE IMPEDANCE TYPE PACKAGE NO
W) V) (OHMS) :
1 TL1
Twin SPDT 0 L1862
+15 =10 150 TL185 N 7-3
Dual SPST 100 TL188
Twin Dual SPST 150 TL191
TL601
EPDT DT 100 TL204
val SP +25 ~1710 425 JG,P 7-9
SPST With Enable 100 TL607
SPST With Logic Inputs 80 TL610
Quad Bilateral Analog Switch 12 2to 12 50 TLC4016 D,J,N 7-15
30 TLC4066 7-23
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

SELECTION GUIDE

switched-capacitor filter ICs

TLC14/MF4-A-100

FUNCTION FILTER ORDER POWER;;JPPUES TYPE PACKAGE APSgE
Dual Filter, G I P 2 TLCTOMF10A FN, N 8-15
ual rFiiter, General Furpose £4t0 5 TLC20/MF10C s —
X TLCO04/MF4-A-50
Low Pass, Butterworth 4 +251t0+6 4 D,P 8-3

TExAs ‘!’)
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DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics shown in currently published data.
Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the user should
compare the specifications of the substitute device with the specifications of the original.

Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use thereof.
No liability is assumed for damages resulting from the use of the information contained herein.

Manufacturers are arranged in alphabetical order.

ANALOG DIRECT SUGGESTED PAGE
DEVICES m Ti NO.
REPLACEMENT REPLACEMENT
AD570JN ADCO0803CN 2-3
AD7512DIJN TL182CN 7-3
AD7512DIJQ TL182IN 7-3
AD7512DIKN ‘ TL182CN 7-3
AD7512DIKQ TL182IN 7-3
AD7512DISD TL182MJ 7-3
AD7512DITD TL182MJ 7-3
AD7524AD AD7524AN TLC7524IN 3-53
AD7524JN AD7524JN TLC7524CN 3-53
AD7528BQ AD7528BN TLC7528IN 3-61
AD7528KN AD7528KN TLC7528CN 3-61
AD7820K/B/T TLCO820A, ADC0820CC 2-29
AD7820L/C/U TLC0820B, ADC0820BC 2-29
AD7820 TLC0820, ADC0820 2-29
ADC82AG TLCO0820BIN, 2-29
ADCO0820BCIN 2-29
ADC82AM TLCO820AIN, 2-29
ADCO0820CCIN 2-29
ADC-830C ADCO0803CN 2-3
ADC-EK12DC TL500/1/3CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
ADC-EK12DR TL500/1/3CN 7-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
DIRECT SUGGESTED PAGE
FUJITSU Tl Tl NO.
REPLACEMENT REPLACEMENT
MB4053P TL507IN 2--99
MB40576 TL5501 4--3
MB40578 TLC5502 4-17
MB40776 TL5601 4-9
MB40778 TLC5602 4-47

EXAS 'k'f
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
DIRECT SUGGESTED PAGE
HARRIS TI o NO.
REPLACEMENT REPLACEMENT
CD4016AD TLC4016MJ 7-15
CD4016AE TLC4016IN 7-15
CD4066AD TLC4066MJ 7-23
CD4066AE TLC4066IN 7-23
CA3162E TL501CN/TL503CN 2-77
DIRECT SUGGESTED PAGE
INTERSIL I TI NO.
REPLACEMENT REPLACEMENT
ADC0803LCD ADCO0803IN 2-3
ADCO0803LCN ADCO0803CN 2-3
ADC0804LCD ADC0804IN 2-9
ADCO804LCN ADCO804CN 2-9
DGM182AK TL182MN TL604MP 7-3/7-9
DGM182BJ TL182CN/IN TL604CP/IP 7-3/7-9
DGM185AK TL185MN TL604MP 7-3/7-9
DGM185BJ TL185CN/IN TL604CP/IP 7-3/7-9
DGM188AK TL188MN TL610MP 7-3/7-9
DGM188BJ TL188CN/IN TL610CP/IP 7-3/7-9
DGM191AK TL191MN TL610MP 7-3/7-9
DGM191BJ TL191CN/IN TL610CP/IP 7-3/7-9
ICL7135CP! ICL7135CN 2-59
ICL7135CFN 2-59
TLC7135CN 2-59
TLC7135CFN 2-59
LINEAR DIRECT PAGE
TECHNOLOGY n NO.
REPLACEMENT
LTC1060ACN TLC1ON 8-15
LTC1060CN TLC20N 8-15
DIRECT PAGE
MAXIM TI NO.
REPLACEMENT
MF10BN TLC10N 8-15
MF10CN TLC20N 8-15
MICRO SUGGESTED PAGE
NETWORKS Tl NO.
REPLACEMENT
MN5100/5101 TLC0820ACN/TLCO820BCN, 2-29
ADC0820BCN/ADC0820CCN 2-29
MN5120/5130/5140 TLCO820ACN/TLC0820BCN, 2-29
ADC0820BCN/ADC0820CCN 2-29

1-12
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DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

MICRO DIRECT SUGGESTED PAGE
POWER SYSTEMS T T NO.
REPLACEMENT REPLACEMENT
MP7138AN TL500/1/3CN 277
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 259
MP7574AD/BD ADCO805IN series 2-3
MP7574JN/KN ADCO0804CN or 2.9
ADCO0805CN series 2-5
MP7581/JN/KN/AD/BD ADC0808N/ADCO809N 2-15/2-15
DIRECT SUGGESTED PAGE
MOTOROLA I T NO.
REPLACEMENT REPLACEMENT
MC1405L TL500CN/TL501CN 2-77
TL505CN 2-91
MC14433P TL500/1/3CN 2-77
TLC7135CN 2-59
TLC7135CFN 259
ICL7135CN 2-59
ICL7135CFN 2-59
MC14442L TLC533AMJ TLC532AMJ 2105
MC14442P TLC533AIN TLC532AIN 2-105
MC14443P TL507IN 2-99
MC14444P TLC546IN 2-131
MC14447P TL507IP 2-99
MC145040FN TLC541MFN TLC540MFN 2-115/2-115
MC145040L TLC541MJ TLC540MJ 2-115/2-115
MC145040P TLC541MN TLC540MN 2-115/2-115
MC145041P1 TLC542IN 2-123
MC54HC4016J TLC4016MJ 7-15
MC74HC4016J TLC4016IN 7-15
MC74HC4016N TLC4016IN 7-15
MC54HC4066J TLC4066MJ 7-23
MC74HC4066J TLC4066IN 7-23
MG74HC4066N TLC4066IN 7-23
DIRECT SUGGESTED
NATIONAL Tl T PAGE
REPLACEMENT REPLACEMENT NO.
ADC0803LCD ADCO0803IN 2-3
ADCO0803LCN ADCO0803IN 2.3
ADC0804LCD ADCO0804IN 29
ADC0804LCN ADC0804CN 2.9
ADCO0805LCN ADCO0805IN 2-3
ADCO0808CCJ ADCO808N/TLO808N 2-15/2-71
ADC0808CCN ADCO0808N/TLO808N 2-15/2-71
ADC0809CCN ADCO809N/TLOSOSN 2-15/2-71
ADCO0811BCJ TLC541IN TLC540IN 2-115/2-115
U
Texas
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
NATIONAL DIRECT SUGGESTED PAGE
(Continued) Tl n NO.
REPLACEMENT REPLACEMENT
ADC0811BCN TLC541IN TLC540IN 2-115/2-115
ADCO811BCV TLC541IFN TLC540IFN 2-115/2-115
ADC0811BJ TLC541MJ TLC540MJ 2-115/2-115
ADC0811CCJ TLC541IN TLC540IN 2-115/2-115
ADC0811CCN TLC541IN TLC540IN 2-115/2-115
ADC0811CCV TLC541IFN TLC540IFN 2-115/2-115
ADC0811CJ TLC541MJ TLC540MJ 2-115/2-115
ADC0820BCD TLCO820BIN, 2-29
ADC0820BCIN 2-29
ADC0820BCN TLCO820BCN, 2-29
ADC0820BCN 2-29
ADC0820BD TLC0820BMJ, 2-29
: ADC0820BJ - 2-29
ADC0820CCD TLCOB20AIN, 2-29
ADC0820CCIN 2-29
ADC0820CCN TLCO820ACN, 2-29
ADC0820CCN 2-29
ADC0820CD TLCOB20AMJ, 2-29
ADC0820CJ 2-29
ADC0829BCN TLC533AIN TLC532AIN 2-105/2-105
ADC0829CCN TLC533AIN TLC532AIN 2-105/2-105
ADCO830BCN TLC546IN 2-131
ADC0830CCN TLC546IN 2-131
ADC0831BCJ ADC0831BIP TLC549IN 2-39/2-139
ADC0831BCN ADC0831BCP TLC549IN 2-39/2-139
ADC0831CCJ ADCO831AIP TLC549IN 2-39/2-139
ADC0831CCN ADCO831ACP TLC549IN 2-39/2-139
ADC0832BCJ ADCO832BIP 2-39
ADCO0832BCN ADC0832BCP 2-39
ADC0832CCJ ADC0832AIP 2-39
ADC0832CCN ADCO832ACP 2-39
ADC0834BCJ ADC0834BIN 2-47
ADCO834BCN ADCO834BCN 2-47
ADC0834CCJ ADCO834AIN 2-47
ADC0834CCN ADCO834ACN 2-47
ADC0838BC ADC0838BIN 2-47
ADC0838BCN ADCO838BCN 2-47
ADC0838CCJ ADCO838AIN 2-47
ADC0838CCN ADCO838ACN 2-47
ADC1001CCJ TLC1541IN 2-147
ADC1005BCJ TLC1541IN 2-147
ADC1005CCJ TLC1541IN 2-147
ADC1225 TLC1225 5-15
ADC3511CCN TL500/1/3CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59

j
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE
NATIONAL DIRECT SUGGESTED PAGE
(Continued) Tl Tl NO.
REPLACEMENT REPLACEMENT
ADC3711CCN TL500/1/3CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
ADD3501CCN TL500/1/2CN 2-77
ADD3701CCN TL500/1/2CN 2-77
MF10AN TLC10CN 8-15
MF10CN TLC20CN 8-15
MM54HC4016J TLC4016MJ 7-15
MM54HC4066J TLC4066MJ 7-23
MM74HC4016N/J TLCA4016IN 7-15
MM74HC4066N/J TLC4066IN 7-23
MF4-50 TLCO04/MF4A-50 8-3
MF4-100 TLC14/MF4A-100 8-3
PRECISION DVIRTEICT SUGGTE|STED PAGE
TH .
MONOLITHICS REPLACEMENT REPLACEMENT NO
PM7524FQ TLC7524IN, AD7524AN 3-53/3-3
PM7524FP . TLC7524CN, AD7524JN 3-53/3-3
PM7528 TLC7528, AD7528 3-61/3-19
DIRECT SUGGESTED PAGE
SIGNETICS Tl T NO.
REPLACEMENT REPLACEMENT
ADCO0803/4/5-1LCN ADCO0803/5IN 2-3
ADCO0804IN 2-3
ADC0804-1CN ADCO0804CN 2-9
NE5034F TLC532AIN 2-105
NE5036FE/N/D TLC549CN/CD 2-139
NES5037F/N/D TLC549CN/CD 2-139

*p
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE

DIRECT SUGGESTED

PAGE
SILICONIX Ti Ti NO.
REPLACEMENT REPLACEMENT
DG182AP TL182MN TL610OMP 7-9
DG182BP TL182CN/IN TL610CP/IP 7-9
DG185AP TL185MN TL604MP 7-9
DG185BP TL185CN/IN TL604CP/IP 7-9
DG188AP TL188MN TL604MP 7-9
DG188BP TL188CN/IN. TL604CP/IP 7-9
DG191AP TL191MN TL604MP 7-9
DG191BP TL191CN/IN TL604CP/IP 7-9
LD110CJ TL503CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
LD111ACJ TL501CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
LD120CJ TL500CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
LD121ACJ TL503CN 2-77
TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
Si520DJ ADCO0808N, ADC809N 2-15
Si7135CJ TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
DIRECT SUGGESTED PAGE
TELEDYNE Tl Tl NO.
REPLACEMENT REPLACEMENT
TSC7135CPI TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
TSC8700 ADCO0808N 2-15
TSC8701 TLC1541IN 2-147
TSC8703 ADCO0808N 2-15
TSC8704 TLC1541IN 2-147
TSC14433CN TLC7135CN 2-59
TLC7135CFN 2-59
ICL7135CN 2-59
ICL7135CFN 2-59
*p
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

TERMS, DEFINITIONS, AND LETTER SYMBOLS FOR
ANALOG-TO-DIGITAL AND DIGITAL-TO-ANALOG CONVERTERS

INTRODUCTION
These terms, definitions, and letter symbols are in accordance with those currently approved by the JEDEC
Council of the Electronic Industries Association (EIA) for use in the USA and by the International
Electrotechnical Commission (IEC) for international use.

1. GENERAL TERMS

Analog-to-Digital Converter (ADC)
A converter that uniquely represents all analog input values within a specified total input range by a limited
number of digital output codes, each of which exclusively represents a fractional part of the total analog input
range. (See Figure 1.)

NOTE: This quantization procedure introduces inherent errors of one-half LSB (least significant bit) in the
representation since, within this fractional range, only one analog value can be represented free of
error by a single digital output code.

Digital
CONVERSION CODE Output
Code X :
Range of 4 Ideal Straight Line
Analog Digital \ |
Input Output Al
Values Code 0..101 + r—a—
1 Va
‘.
Center e
4555 0...101 R :
0...100 + |

005 0...000 1 \— Step Width (1 LSB)

s Analog
0...000 + { } 4 } Input
0 1 2 3 a4 5 Value

| Midstep Value
of 0...011

Quantization Error

+% LSB

Analog
Input
Value

Y. LSB

Inherent Quantization Error (+ % LSB)

FIGURE 1. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR ADC
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Analog-to-Digital Processor ]
An integrated circuit providing the analog part of an ADC; provision of external timing, counting, and
arithmetic operations is necessary for implementing a full analog-to-digital converter.

Companding DAC
A DAC whose transfer function complies with a compression or expansion law.

NOTE 1: The corresponding ADC normally consists of such a companding DAC and additional external
circuitry.

NOTE 2: The compression or expansion law is usually a logarithmic function, e.g., A-law or p-law.

Conversion Code (of an ADC or a DAC)
The set of correlations between each of the fractional parts of the total analog input range or each of the digital
input codes, respectively, and the corresponding digital output codes or analog output values, respectively.
(See Figures 1 and 2.)

NOTE: Examples of output code formats are straight binary, 2’'s complement, and binary-coded decimal.

Analog
Output
Value
_/
Ideal Straight Line . 7
5 <+ /
7/
R4
4 4+ {._._
7/
I’—\\. -+—— Step Height
(1LsB)
3+ | £
yo
. 1
70
2+ s
<
7/ : : [*— Step Value
T o I
‘ Pl
7 N Digital
. igital
]
o ¢—i p ot } Input
0..000 0..001 0..010 0..011 0..100 0...101 Code
\

)

-
Step
CONVERSION CODE

ro==== 3]

Digital Input Code 0...000 | 0...001 | 0...010 [{0...011}} 0...100 | 0...101
H !
i 1

Analog Output Value 0 1 2 i_ 3 j 4 5

FIGURE 2. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR DAC
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TERMS, DEFINITIONS AND LETTER SYMBOLS

Digital-to-Analog Converter (DAC)
A converter that represents a limited number of different digital input codes by a corresponding number of
discrete analog output values. (See Figure 2.)

NOTE: Examples of input code formats are straight binary, 2’s complement, and binary-coded decimal.
Full Scale (of a unipolar ADC or DAC)

A term used to refer a characteristic to that step within the transfer diagram whose nominal midstep value or
nominal step value has the highest absolute value. (See Figure 3a for a linear unipolar ADC.)

NOTE 1: The subscript for the letter symbol of a characteristic at full scale is "FS".
NOTE 2: In place of a letter symbol, the abbreviation "FS" is in common use.
Full Scale, Negative (of a bipolar ADC or DAC) (See Figures 3b and 3c)

A term used to refer a characteristic to the negative end of the transfer diagram, that is, to the step whose
nominal midstep value or nominal step value has the most-negative value.

NOTE 1: The subscript for the letter symbol of a characteristic at negative full scale is "FS—" (VFs—, I[FS—).
NOTE 2: In place of a letter symbol, the abbreviation "FS—" is in common use.
Full Scale, Positive (of a bipolar ADC or DAC) (See Figure 3b and 3c)

A term used to refer a characteristic to the positive end of the transfer diagram, that is, to the step whose
nominal midstep value or nominal step value has the most-positive value.

NOTE 1: The subscript for the letter symbol of a characteristic at positive full scale is "FS+" (VFS +, IFS+).
NOTE 2: In place of a letter symbol, the abbreviation "FS+" is in common use.

Full-Scale Range, Nominal (of a linear ADC or DAC) (VFSRnom: IFSRnom) (See Figure 3)
The total range in analog values that can be coded with uniform accuracy by the total number of steps with this
number rounded to the next higher power of 2.

NOTE: In place of the letter symbols, the abbreviation "FSR(nom)" can be used.

Example: Using a straight binary n-bit code format, it follows:
— for an ADC: FSR(nom) = 2N x (nominal value of step width)
- for a DAC: FSR(nom) = 2N x (nominal value of step height)

Full-Scale Value, Nominal (VFSnom, IFSnom)
A value derived from the nominal full-scale range:
— for a unipolar converter: VEShom = VFSRnom
— for a bipolar converter: VEShom = 1/2 VESRnom
(See Figure 3.)

NOTE 1: Inafew data sheets, this analog value is used as a reference value for adjustment procedures or as
a rounded value for the full-scale range(s).

NOTE 2: In place of letter symbols, the abbreviation "FS(nom)" is in common use.
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Full-Scale Range, (Practical) (of a linear ADC or DAC) (VFSR; IFSR) (VFSRpr: IFSRpr) (See Figure 3)
The total range of analog values that correspond to the ideal straight line.

NOTE 1: The qualifying adjective "practical" can usually be deleted from this term provided that, in a very few
critical cases, the term "nominal full-scale range" is not also shortened in the same way. This
permits use of the shorter letter symbols or abbreviations. (See Note 2.)

NOTE 2: In place of the letter symbols, the abbreviations "FSR" and "FSR(pr)" are in common use.

NOTE 3: The (practical) full-scale range has only a nominal value because it is defined by the end points of
the ideal straight line.

Example: Using a straight binary n-bit code format, it follows:
— for an ADC: FSR = (2" — 1) x (nominal value of step width)
— fora DAC: FSR = (2" — 1) x (nominal value of step height)

Gain Point (of an adjustable ADC or DAC)
The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a
DAC) of the step for which gain error is specified (usually full scale), and in reference to which the gain
adjustment is performed. (See Figures 4 and 5.)

NOTE: Gain adjustment causes only a change of the slope of the transfer diagram, without changing the
offset error.

Ideal Straight Line (of a linear ADC or DAC)
In the transfer diagram, a straight line between the specified points for the most-positive (least-negative) and
most-negative (least-positive) nominal midstep values or nominal step values, respectively. (See Figures 1, 2,
and 3.)

NOTE: The ideal straight line passes through all the points for nominal midstep values or nominal step values,
respectively. .

Linear ADC
An ADC having steps ideally of equal width excluding the steps at the two ends of the total range of analog
input values.

NOTE: Ideally, the width of each end steps is one half of the width of any other step. (See Figure 1.)

Linear DAC
A DAC having steps ideally of equal height. (See Figure 2.)

LSB, Abbreviation
The abbreviation for "Least Significant Bit", that is, for the bit that has the lowest positional weight in a natural

binary numeral.
Example: In the natural binary numeral "1010", the rightmost bit "0" is the LSB.
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LSB, Unit Symbcl (for linear converters only)
The unit symbol for the magnitude of the analog resolution of a linear converter, which serves as a reference
unit to express the magnitude of other analog quantities of that same converter, especially of analog errors, as
multiples or submultiples of the magnitude of the analog resolution.

Example: "1/2 LSB" means an analog quantity equal to 0.5 times the analog resolution.

NOTE: The unit symbol LSB refers to the fact that, for a natural binary code, the analog resolution
corresponds to the nominal positional weight attributed to the least significant bit of the binary
numeral.

In this case, the identity:
1 LSB = analog resolution

leads, for an n-bit resolution, to:

_ _FSR _ FSR(nom)
1LSB = on_1 = on

Midstep Value (of an ADC)
The analog value for the center of the step excluding the steps at the two ends of the total range of analog
input values.

NOTE: For the end steps, the midstep value is defined as the analog value that results when the analog value
for the transition to the adjacent step is reduced or enlarged, as appropriate, by half the nominal value
of the step width. (See Figure 1.)

Midstep Value, Nominal (of an ADC)
A specified analog value within a step that is ideally represented free of error by the corresponding digital
output code. (See Figure 1.)

Missing Code (of an ADC)
An intermediate code that is absent when the changing analog input to an ADC causes a multlple code
change in the digital output. (See Figure 6.)

Monotonicity (of an ADC or a DAC)
A property of the transfer function that ensures the consistent increase or decrease of the analog output of a
DAC or the digital output of an ADC in response to a consistent increase or decrease of the digital or analog
input, respectively. (Figure 7 illustrates nonmonotonic conversion.)

NOTE: An intermediate increment with the value of zero does not invalidate monotonicity.
Multiplying DAC

A DAC having at least two inputs, at least one of which is digital, and whose analog output value is proportional
to the product of the inputs.

Nonlinear ADC or DAC
An ADC or a DAC with a specified nonlinear transfer function between the nominal midstep values or nominal
step values, respectively, and the corresponding step widths or step heights, respectively.

NOTE: The function may be continuously nonlinear or piece-wise linear.
Offset Point (of an adjustable ADC or DAC)

The point in the transfer diagram corresponding to the midstep value (for an ADC) or the step value (for a
DAC) of the step about which the transfer diagram rotates when gain is adjusted. (See Figures 4 and 5.)

NOTE: Offset adjustment must be performed with respect to this point so that it causes only a parallel
displacement of the transfer diagram, without changing its slope.
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Resolution (general term)

NOTE 1: Resolution as a capability can be expressed in different forms: (see "resolution, analog",
"resolution, numerical', and "resolution, relative").

NOTE 2: Resolution is a design parameter and therefore has only a nominal value.
NOTE 3: The terms for these different forms may all be shortened to "resolution” if no ambiguity is likely to
occur (for example, when the dimension of the term is also given).

Resolution (of an ADC)
The degree to which nearly equal values of the analog input quantity can be discriminated.

Resolution (of a DAC)
The degree to which nearly equal values of the analog output quantity can be produced.

Resolution, Analog (of a linear or nonlinear ADC or DAC)
For an ADC: The nominal value of the step width.
For a DAC: The nominal value of the step height.

NOTE: For a linear ADC or DAC, the constant magnitude of the analog resolution is often used as the
reference unit LSB.

Resolution, Numerical
The number (n) of digits in the chosen numbering system necessary to express the total number of steps.

NOTE 1: The numbering system is normally a binary or a decimal system.

NOTE 2: In the binary-coded-decimal numbering system, the term "1/2 digit" refers to an additional decimal
digit with the highest positional value, but limited to the decimal figures "0" or "1" as it is
represented by only a single bit. This additional digit serves to double the range of values covered
by the other "n" digits.

Resolution, Relative (of a linear ADC or DAC)
The ratio of the analog resolution to the full-scale range (practical or nominal).

NOTE: This ratio is normally expressed as a percentage of the full-scale range [% of FSR, % of FSR(nom)].
For high resolutions (high value of n), it is of little importance whether this ratio refers to the practical or
nominal full-scale range.

Step (of an analog-to-digital or digital-to-analog conversion)
In the conversion code: Any of the individual correlations.
In the transfer diagram: Any part of the diagram equating to an individual correlation.

For an ADC, a step represents both a fractional range of analog input values and the corresponding digital
output code. (See Figure 1.)

For a DAC, a step represents both a digital input code and the corresponding discrete analog output value.
(See Figure 2.) -

Step Height (Step Size) (of a DAC)
The absolute value of the difference in step value between two adjacent steps in the transfer diagram. (See
Figure 2.)

NOTE: For companding DACs, the term "step size" is in general use.

Texas %
INSTRUMENTS

1-26 POST OFFICE BOX 655303 - DALLAS, TEXAS 75265



GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

Step Value (of a DAC)
The value of the analog output representing a digital input code. (See Figure 2.)

Step Value, Nominal (of a DAC)
A specified step value that represents free of error the corresponding digital input code. (See Figure 2.)

Step Width (of an ADC)
The absolute value of the difference between the two ends of the range of analog values corresponding to one
step. (See Figure 1.)

Temperature Coefficients of Analog Characteristics («)

NOTE 1: The letter symbol for the temperature coefficient of an analog characteristic consists of the letter
symbol « with a subscript referring to the relevant characteristic.

Example: Temperature coefficient of the gain error: agGg
NOTE 2. Temperature coefficients are usually specified in "parts per million (relative to the full-scale value)
per degrees Celsius", that is, in "ppm/°C".

Zero Scale (of an ADC or a DAC with true zero) (See Figures 3a and 3b)
A term used to refer a characteristic to the step whose nominal midstep value or nominal step value equals
zero.

NOTE 1: The subscript for the letter symbol of a characteristic at zero scale is "ZS".
NOTE 2: In place of a letter symbol, the abbreviation "ZS" is in common use.

Zero Scale, Negative (of an ADC or a DAC with no true zero) (See Figure 3c)
A term used to refer a characteristic to the negative step closest to analog zero.

NOTE 1: The subscript for the letter symbol of a characteristic at negative zero scale is "ZS—" (Vzs—,
Izs-).
NOTE 2: In place of a letter symbol, the abbreviation "ZS—" is in common use.

Zero Scale, Positive (of an ADC or a DAC with no true zero) (See Figure 3c)
A term used to refer a characteristic to the positive step closest to analog zero.

NOTE 1: The subscript for the letter symbol of a characteristic at positive zero scale is "ZS+" (VzS+, 1zS+)

NOTE 2: In place of a letter symbol, the abbreviation "ZS+" is in common use.
2. STATIC PERFORMANCE

Accuracy (see "Errors’, Part 4)

Asymmetry, Full-Scale (of a DAC with a bipolar analog range) (AlFsS, AVFSS)
The difference between the absolute values of the two full-scale analog values.

Compliance, Current (of a DAC) (10(op))
The permissible range of output current within which the specifications are valid.

Compliance, Voltage (of a DAC) (VO(op))
The permissible range of output voltage within which the specifications are valid.

Errors (see Part 4)
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Supply Voltage Sensitivity, (of a DAC) (ksvs)
The change in full scale output current (or voltage) caused by a change in supply voltage.

NOTE: This sensitivity is usually expressed as the ratio of the percent change of full-scale current (or voltage)
to the percent change of supply voltage.
3. DYNAMIC PERFORMANCE
Conversion Rate (of an externally controlled ADC) (f¢)
The number of conversions per unit time.
NOTE 1: The maximum conversion rate should be specified for full resolution.
NOTE 2: The conversion rate is usually expressed as the number of conversions per second.

NOTE 3: Due to additionally needed settling or recovery times, the maximum specified conversion rate is
smaller than the reciprocal of the worst-case conversion time.

Conversion Time (of an ADC) (tc)
The time elapsed between the command to perform a conversion and the appearance at the converter output
of the complete digital representation of the analog input value.

Delay Time, (Digital) (of a linear or a multiplying DAC) (td, tdd)
The time interval between the instant when the digital input changes and the instant when the analog output
passes a specified value that is close to its initial value, ignoring glitches. (See Figure 8.)

NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish between
the digital and the delay time.

Delay Time, Reference (of a multiplying DAC) (tdr)
The time interval between the instant when a step change of the reference voltage occurs and the instant
when the analog output passes a specified value that is close to its initial value.

Feedthrough Capacitance (CF)
The value of the capacitance for a specified value of R in an equivalent circuit for the calculation of the
feedthrough error.

NOTE: The equivalent circuit consists of a high-pass R-C filter between the reference input and the analog
output.
Feedthrough Error (see Part 4)

Glitch (of a DAC)
A short, undesirable transient in the analog output occurring following a code change at the digital input. (See
Figure 8.)

Glitch Area (of a DAC)
The time integral of the analog value of the glitch transient.
NOTE 1: Usually, the maximum specified glitch area refers to a specified worst-case code change.
NOTE 2: Instead of a letter symbol, the abbreviation "GA" is in use.
Glitch Energy (of a DAC)
The time integral of the electrical power of the glitch transient.
NOTE 1: Usually, the maximum specified glitch energy refers to a specified worst-case code change.

NOTE 2: Instead of a letter symbol, the abbreviation "GE" is in use.
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Analog Output

tsq

Specitied Error Band (+ ¢)

_l /— Final Value

Glitch\ — —‘———_T— -

Digital Change —
tyy = (Digital) Settling Time Somp = (Digital) Slew Rate tyq = (Digital) Delay Time
tsa = Analog Settling Time

FIGURE 8. OUTPUT CHARACTERISTICS OF A LINEAR OR A MULTIPLYING DAC
FOR A STEP CHANGE IN THE DIGITAL INPUT CODE

Pedestal (Error) (Ep) (see Part 4)

Ramp Delay, Steady-State (of a multiplying DAC) (td(ramp))
The time separation between the actual curve of the analog output and the theoretical curve (with no delay) for
a ramp in reference voltage, after the settling time to steady-state ramp has elapsed. (See Figure 9.)

Settling Time, Analog (of a DAC) (tsa)
The time interval between the instant when the analog output passes a specified value and the instant when
the analog output enters for the last time a specified error band about its final value. (See Figures 8 and 10.)

Settling Time, (Digital) (of a linear or a multiplying DAC) (ts, tsd)
The time interval between the instant when the digital input changes and the instant when the analog output
value enters for the last time a specified error band about its final value. (See Figure 8.)

NOTE: For a multiplying DAC, the full term and the additional subscript d must be used to distinguish between
the digital and the settling time.

Settling Time, Reference (of a muitiplying DAC) (tsy)
The time interval between the instant when a step change of the reference voltage occurs and the instant
when the analog output enters for the last time a specified error band about its final value. (See Figure 10.)

NOTE: Specifications for the reference settling time are usually given for the highest allowed step change in
reference voltage.
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Settling Time to Steady-State Ramp (of a multiplying DAC) (ts(ramp))
The time interval between the instant a ramp in the reference voltage starts and the instant when the analog
output value enters for the last time a specified error band about the final ramp in the output. (See Figure 9.)

Skewing Time, Internal (of a DAC)
The difference in internal delay between the individual output transitions for a given change of digital input.

NOTE: The internal (and external) skew has a major influence on the settling time for critical changes in the
digital input, for example, for a 1-LSB change from 011 ... 111 to 100 ... 000, and is an important
source of commutation noise.

Slew Rate, (Digital) (of a linear or a multiplying DAC) (Som, SOMD)
The maximum rate of change of the analog output value when a change of the digital input code causes a
large step change of the analog output value. (See Figure 8.)

NOTE 1: For a multiplying DAC, the full term and the additional subscript D must be used to distinguish
between the digital and the slew rate.

NOTE 2: The abbreviations "SR" and "SR(dig)" are also used.

Slew Rate, Reference (of a multiplying DAC) (SOMR)
The maximum rate of change of the analog output following a large step change of the reference voltage. (See
Figure 10.)

NOTE: The abbreviation "SR(ref)" is also used.

4. ERRORS, ACCURACY

The definitions in this section describe the errors as the difference between the actual value and the nominal
value of the analog quantity. As such they may be expressed in conventional units (for example, millivolts) or
as multiples or submuitiples of 1 LSB. An error can also be expressed as a relative value, for example, in "% of
FSR". In this case, it is common practice to use the same term as for the analog value.

Absolute Accuracy Error
Synonym for total error.

Feedthrough Error (of a multiplying DAC) (EF)
An error in analog output due to variation in the reference voltage that appears as an offset error and is
proportional to frequency and amplitude of the reference signal.

NOTE 1: The specification for the feedthrough error is given for the digital input for which the offset error is
specified, and for a reference signal of specified frequency and amplitude.

NOTE 2: This error may also be expressed as a peak-to-peak analog value.
Full-Scale Error (of a linear ADC or DAC) (EFs)

The difference between the actual midstep value or step value and the nominal midstep value or step value,
respectively, at specified full scale.

NOTE: Normally, this error specification is applied to converters that have no arrangement for an external
adjustment of offset error and gain error.
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Gain Error (of a linear ADC or DAC) (Eg)

For an ADC: The difference between the actual midstep value and the nominal midstep value in the transfer
diagram at the specified gain point after the offset error has been adjusted to zero. (See
_Figure 11a.)

Fora DAC: The difference between the actual step value and the nominal step value in the transfer
diagram at the specified gain point after the offset error has been adjusted to zero. (See
Figure 11b.)

NOTE: See Notes 1 and 2 under "Offset Error".
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L I e p-—v--- N e il e g J
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q | :
,
£ B N . ,.// !
. —+
N e : ,' 1
, ] -~ , 1
s ( 1 , '
,
000 &) t t { o o4+ { : 1
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FIGURE 11. GAIN ERROR OF A LINEAR 3-BIT NATURAL BINARY CODE CONVERTER
(SPECIFIED AT STEP 111), AFTER CORRECTION OF THE OFFSET ERROR

Instability, Long-Term (Accuracy) (AE(At), AE(t))
The additional error caused by the aging of the components and specified for a longer period in time.

Linearity Error, Best-Straight-Line (of a linear and adjustable ADC) (EL (adj))
The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to minimize the magnitude of the extreme values of
this difference. (See Figure 12a.)

NOTE 1: Theinherent quantization error is not included in the best-straight-line linearity error of an ADC. The
ideal value for the transition corresponds to the nominal midstep value =1/2 LSB.

NOTE 2: For a uniformly curved transfer diagram, the extreme values will be very close to half of the
magnitude of the end-point linearity error. (See Figure 12a.)
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS
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FIGURE 12. BEST-STRAIGHT-LINE LINEARITY ERROR OF A LINEAR 3-BIT NATURAL
BINARY-CODED CONVERTER (VALUES BETWEEN * % LSB)

Linearity Error, Best-Straight-Line (of a linear and adjustable DAC) (EL(adj))
The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to minimize the magnitude of the extreme values of this difference. (See Figure 12b.)

NOTE: For a uniformly curved transfer diagram, the extreme values will be very close to half of the magnitude
of the end-point linearity error. (See Figure 12b.)

Linearity Error, Differential (of a linear ADC or DAC) (Ep)
The difference between the actual step width or step height and the ideal value (1 LSB). (See Figure 13.)

NOTE: A differential linearity error greater than 1 LSB can lead to missing codes in an ADC or to
nonmonotonicity of an ADC or a DAC. (See Figures 6 and 7.)

Linearity Error, End-Point (of a linear and adjustable ADC) (EL)
The difference between the actual analog value at the transition between any two adjacent steps and its ideal
value after offset error and gain error have been adjusted to zero. (See Figure 14a.)

NOTE 1: The short term "linearity error" is in common use and is sufficient if no ambiguity with the "best-
straight-line linearity error" is likely to occur.

NOTE 2: The inherent quantization error is not included in the linearity error of an ADC. The ideal value for
the transition corresponds to the nominal midstep value =1/2 LSB.
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FIGURE 13. DIFFERENTIAL LINEARITY ERROR OF A LINEAR ADC OR DAC
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TERMS, DEFINITIONS AND LETTER SYMBOLS

Analog
Digital Output
Output Value
Code (LSB)
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FIGURE 14. END-POINT LINEARITY ERROR OF A LINEAR 3-BIT NATURAL BINARY-CODED ADC OR DAC
(OFFSET ERROR AND GAIN ERROR ARE ADJUSTED TO THE VALUE ZERO)

Linearity Error, End-point (of a linear and adjustable DAC) (EL)
The difference between the actual step value and the nominal step value after offset error and gain error have
been adjusted to zero. (See Figure 14b.)

NOTE: The short term "linearity error" is in common use and is sufficient if no ambiguity with the "best-straight-
line linearity error" is likely to occur.
Offset Error (of a linear ADC or DAC) (EQ)

For an ADC: The difference between the actual midstep value and the nominal midstep value at the offset
point. (See Figure 15a.)

For a DAC: The difference between the actual step value and the nominal step value at the offset point.
(See Figure 15b.)

NOTE 1: Usually, the specified steps for the specification of offset error and gain error are the steps at the
ends of the practical full-scale range. For an ADC, the midstep value of these steps is defined as
the value for a point 1/2 LSB apart from the adjacent transition. (See Figures 11 and 15.)

NOTE 2: The terms "offset error" and "gain error" should be used only for errors that can be adjusted to zero.
Otherwise, the terms "zero-scale error" and "full-scale error" should be used.

Pedestal (Error) (Ep) )
A dynamic offset error produced in the commutation process.
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Analog
Digital Output
Output Value
Code (LSB)
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FIGURE 15. OFFSET ERROR OF A LINEAR 3-BIT NATURAL BINARY CODE CONVERTER
(SPECIFIED AT STEP 000)

Quantization Error, Inherent (of an ideal ADC)
" Within a step, the maximum (positive or negative) possible deviation of the actual analog input value from the
nominal midstep value.

NOTE 1: This error follows necessarily from the quantization procedure. For a linear ADC, its value equals
+1/2 LSB. (See Figure 1.)

NOTE 2: The term "resolution error" for the "inherent quantization error" is deprecated, because "resolution”
as a design parameter has only a nominal value.

Rollover Error (of an ADC with decimal output and auto-polarity) (EROQ)
The difference in output readings with the analog input switched between positive and negative values of the
same magnitude (close to full scale).

Total Error (of a linear ADC) (ET)
The maximum difference (positive or negative) between an analog value and the nominal midstep value within
any step. (See Figure 16a.)

NOTE 1:. If this error is expressed as a relative value, the term "relative accuracy error" should be used
instead of "absolute accuracy error".

NOTE 2: This error includes contributions from offset error, gain error, linearity error, and the inherent
quantization error.

{i,;
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Analog
Digital Output
Output Value
Code (LSB)
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FIGURE 16. ABSOLUTE ACCURACY ERROR, TOTAL ERROR OF A LINEAR ADC OR DAC

Total Error (of a linear DAC) (ET)
The difference (positive or negative) between the actual step value and the nominal step value for any step.
(See Figure 16b.)

NOTE 1: If this error is expressed as a relative value, the term "relative accuracy error" should be used
instead of "absolute accuracy error".

NOTE 2: This error includes contributions from offset error, gain error, and linearity error.

Zero-Scale Error (of a linear ADC or DAC) (Ezs)
The difference between the actual midstep value or step value and the nominal midstep value or step value,
respectively, at specified zero scale.

NOTE: Normally, this error specification is applied to converters that have no arrangement for an external
adjustment of offset error and gain error.

{i’
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 1-37



1-38



General Information

General Purpose ADCs

_ General Purpose DACs

eesovessmssemete

Data Manuals__

_MechanicalData

21 li



General Purpose ADCs



ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

D2754, NOVEMBER 1983 —REVISED SEPTEMBER 1986

® 8-Bit Resolution N PACKAGE
® Ratiometric Conversion (TOP VIEW)
® 100-us Conversion Time § 1 U20[] vee (OR REF)
. RD ]2 19( | CLK OUT

® 135-ns Access Time WR 13 18] ] DBO (LSB) )
® Guaranteed Monotonicity . CLKIN | j4 17[] DB1

. INTR (5 16 ] DB2
® High Reference Ladder Impedance N+ 6 15[] DB3 DATA

. .. 8 k@ Typical N= 7 14{] DB4 OUTPUTS
® No Zero Adjust Requirement ANLG GND [J8  13[] DB5
. REF/2 [Jo  12[] DB6

® On-Chip Clock Generator DGTL GND [Jio  11[] DB7 (MSB)
® Single 5-V Power Supply
® Operates with Microprocessor or as

Stand-Alone

® Designed to be Interchangeable with
National Semiconductor and Signetics
ADC0803 and ADC0805

description

The ADC0803 and ADC0O805 are CMOS 8-bit, successive-approximation, analog-to-digital converters that
use a modified potentiometric (256R) ladder. These devices are designed to operate from common
microprocessor control buses with the three-state output latches driving the data bus. The devices can
be made to appear to the microprocessor as a memory location or an I/O port. Detailed information on
interfacing to most popular microprocessors is readily available from the factory.

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from VcC to
analog ground (ANLG GND). The devices can operate with an external clock signal or, with an additional
resistor and capacitor, using an on-chip clock generator.

The ADC0803! and ADCO0805I are characterized for operation from —40°C to 85°C. The ADC0803C
and ADCO805C are characterized for operation from 0°C to 70°C.

PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to (]

specifications per the terms of Texas Instruments TEXAS

standard.warrant'r. Production processing does not l

necessarily include testing of all parameters. NSTRUMEN-FS
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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)
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ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC (see Note 1) . ... e

Input voltage range: CS, RD, WR . . .. .. .. ..

Otherinputs ... ....... .. .............
Output voltage range . . . . .. ... ... T
Operating free-air temperature range: ADCO80_1. . .. ... ....... ... ... ........

6.5V
~0.3Vto 18V
~0.3VtoVce +0.3V
~0.3VtoVce +0.3V
—40°C to 85°C

ADCO80_C. ... ... .. 0°C to 70°C
Storage temperature range . . . . . . ...t e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . .. .................. 260°C

NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together unless

otherwise noted.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Ve 4.5 5 6.3 \
Analog input voltage (see Note 2) -0.05 Vce +0.05 \Y
Voltage at REF/2 (see Note 3), VREfF/2 0.25 2.5 \
High-level input voltage at CS, RD, or WR, ViH 2 15 \Y
Low-level input voltage at CS, RD, or WR, V|_ 0.8 \Y
Analog ground voltage (see Note 4) -0.05 [¢] 1 \
Clock input frequency (see Note 5), feock 100 640 1460 kHz
Duty cycle for fg|gck above 640 kHz (see Note 5) 40% 60%
Pulse duration, clock input (high or low) for fgjgck below 640 kHz, ty(CLK) 275 781 ns
Pulse duration, WR input low, ty(WR) 100 ns
Operating free-air temperature, Ta ADCO8O._| 40 9% °C
ADC080_C 0 70

NOTES: 2. When the differential input voltage (V|4 — V|_) is less than or equal to O V, the output code is 0000 0000.

3. The internal reference voltage is equal to the voltage applied to REF/2 or approximately equal to one-half of the Vcc when
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs.
Thus, the differential input voltage range when REF/2 is open and Vcc = 5 Vis O V to 5 V. VRgf/2 for an input voltage
range from 0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V.

4. These values are with respect to DGTL GND.

5. Total unadjusted error is specified only at an fg|gck of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should
be observed for an fgigck greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided ty(CLK)
remains within limits.

{i,
Texas
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 2-5



ADCO0803, ADC0805

8-BIT ANALOG-TO-DIGITAL CONVERTERS

WITH DIFFERENTIAL INPUTS

electrical characteristics over recommended operating free-air temperature range, Vgc = 5 V,
fclock = 640 kHz, VREF/2 = 2.5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
v High-level All outputs Vee = 475V, loH = —360 xA 2.4 v
OH — -
output voltage DB and INTR Vce = 475V, loH = —10 kA 4.5
Low-level Data outputs Vee = 475V, loL = 1.6 mA 0.4
VoL output INTR output Vece =475V, loL = TmA 0.4 \
voltage CLK OUT Vce = 4.75 V, loL = 360 xA 0.4
Clock itive-goin
VT4 positive-going 27 3. 35| v
threshold voltage
Clock negative-goi
VT negative-going 1.5 1.8 2.1 v
threshold voltage
VT 4 — VT = Clock input hysteresis 0.6 1.3 2 \
IH High-level input current 0.005 1 nA
L Low-level input current —-0.005 -1 pA
I Off-state output t Vo =0 -3 A
-state output curren
0z P Vo =5V 3| *
l Short-current Output high Vo =0 Ta = 25°C 4.5 6 A
utput hi =0, = -4, - m
OHS output current P 9 0 A
Short-circuit
loLs Output low Vo =5V, Ta = 25°C 9 16 mA
output current
Supply current plus VREF/2 = open, Ta = 25°C,
! — 1.1 1.8 A
cc reference current CS =5V m
Input resistance to
R See Note 6 2.5 8 kQ
REF/2 reference ladder °
Ci Input capacitance {control) 5 7.5 pF
Co Output capacitance (DB) 5 7.5 pF
NOTE 6: Resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and 9.
operating characteristics over recommended operating free-air temperature, Vgc = 5V,
VREF/2 = 2.5V, fclock = 640 kHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Supply-voltage-variation error Vcec =45Vt055Y, See Note 7 +1/16 +1/8 | LSB
+1/4
Total adjusted error ADCO0803 | With full-scale adjust, See Notes 7 and 8 T2 LS8
§ \ =25V, N 7 and 8 +1/2
Total unadjusted error | ADCO805 |_REF/2 5 See Notes 7 an LSB
VREF/2 open, See Notes 7 and 8 +1
DC common-mode error See Notes 7 and 8 +1/16 +1/8| LSB
ten Output enable time Ta = 25°C, CL = 100 pF 135 200 ns
tdis Output disable time Ta = 25°C, C = 10 pF, R = 10 kQ 125 200 ns
tq(INTR) Delay time to reset INTR Ta = 25°C 300 450 ns
. fciock = 100 kHz to 1.46 MHz, clock
t, c le ti cloc 66 73
conv enversion cycle tme Ta = 25°C, See Note 9 cycles
CR Free-running conversion rate INTR connected to WR, CSatoV 8770 | conv/s
tan typical values are at Tp = 25°C.
NOTES: 7. These parameters are specified over the recommended analog input voltage range.
8. Allerrors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic.
9. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion is complete, part of another clock period is required before a high-to-low
transition of INTR completes the cycle.
i
TEXAS b
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ADC0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

PARAMETER MEASUREMENT INFORMATION
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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

PRINCIPLES OF OPERATION

The ADC0803 and ADC0805 each contain a circuit equivalent to a 256-resistor network. Analog switches
are sequenced by successive-approximation logic to match an analog differential input voltage
(Vin+ — Vjn-) to a corresponding tap on the 256R network. The most significant bit (MSB) is tested

~ first. After eight comparisons (64 clock periods), an eight-bit binary code (1111 1111 = full scale) is

transferred to an output latch and the interrupt (INTR) output goes low. The device can be operated in
a free-running mode by connecting the INTR output to the write (WR) input and holding the conversion
start (CS) input at a low level. To ensure start-up under all conditions, a low-level WR input is required
during the power-up cycle. Taking CS low any time after that will interrupt a conversion in process.

When the WR input goes low, the internal successive approximation register (SAR) and 8-bit shift register
are reset. As long as both CS and WR remain low, the analog-to-digital converter remains in a reset
state. One to eight clock periods after CS or WR makes a low-to-high transition, conversion starts.

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and 8-bit register
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high
is ANDed with the next clock pulse, placing a logic high on the reset input of the start flip-flop. If either
CS or WR have gone high, the set signal to the start flip-flop is removed, causing it to be reset. A logic
high is placed on the D input of the eight-bit shift register and the conversion process is started. If the
CS and WR inputs are still low, the start flip-flop, the 8-bit shift register, and the SAR remain reset.
This action allows for wide CS and WR inputs, with conversion starting from one to eight clock periods
after one of the inputs goes high.

When the logic high input has been clocked through the 8-bit shift register, which completes the SAR
search, it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On
the next clock puise, the digital word is transferred to the 3-state output latches and the interrupt flip-flop
is set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion
and low when the conversion is complete.

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset.

2-8
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ADCO0804I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

D2755, OCTOBER 1983 -REVISED OCTOBER 1988

® 8-Bit Resolution N DUAL-IN-LINE PACKAGE
. . . (TOP VIEW)
® Ratiometric Conversion
A Ts (1 U20[] vce (OR REF)

) - =

100-us Conversion Time 5 02 190] CLK ouT
® 135-ns Access Time WR [J3  18[] DBO (LSB)

" . ck IN[J4  17[] pB1

[} —

No Zero Adjust Requirement NTR (s 16[] DB2
® On-Chip Clock Generator IN+ []e 15[] DB3 DATA

. IN- (07 14] DB4 OUTPUTS

[ ] -

Single 5-V Power Supply ANLG GND s 13[] pes
@ Operates with Microprocessor or as REF/2 []9 12[] DB6

Stand-Alone DGTL GND [J10  11[] DB7 (MSB)
® Designed to be interchangeable with

National Semiconductor and Signetics

ADC0804

description

The ADC0804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified
potentiometric (256R) ladder. The ADC0804 is designed to operate from common microprocessor control
buses, with the three-state output latches driving the data bus. The ADC0804 can be made to appear
to the microprocessor as a memory location or an I/O port. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

A differential analog voltage input allows increased common-mode rejection and offset of the zero-input
analog voltage value. Although a reference input (REF/2) is available to allow 8-bit conversion over smaller
analog voltage spans or to make use of an external reference, ratiometric conversion is possible with the
REF/2 input open. Without an external reference, the conversion takes place over a span from VCC to
analog ground (ANLG GND). The ADC0O804 can operate with an external clock signal or, with an additional
resistor and capacitor, can operate using an on-chip clock generator.

The ADCO804 is characterized for operation from —40°C to 85°C. The ADC0O804C is characterized for
operation from 0°C to 70°C.

current as of publication date. Products conform to
specifications per the terms of Texas lnstruments
d wi

PRODUCTION DATA documents contain information ‘ Copyright © 1983, Texas Instruments Incorporated
necessarily mnhnxo testing of all parameters
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ADCUBM‘I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)
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ADC08041, ADCO804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VcC (see Note 1) . . .. . 6.5V
Input voltage range: CS, BRD, WR . o oot e e -0.3Vto18V
otherinputs. .. ........ .. ... ... ... .. .. ..... -0.3VtoVcc+ 0.3V

Output voltage range . . . . .. ... ..ottt -0.3VtoVce+ 0.3V
Operating free-air temperature range: ADCO804! . ... ... ... .. .. ... ......... —40°C to 85°C
ADCO804C . . .. ... 0°C to 70°C

Storage temperature range . . . . .. . ..ottt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ... ................ 260°C

NOTE 1: All voltage values are with respect to digital ground (DGTL GND) with DGTL GND and ANLG GND connected together (unless
otherwise noted).

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vcc 4.5 5 6.3 \
Voltage at REF/2, VRgf/2 (see Note 2) 0.25 2.5 \
High-level input voltage at CS, RD, or WR, V4 2 15 \Y
Low-level input voltage at CS, RD, or WR, V)_ 0.8 \
Analog ground voltage (see Note 3) -0.05 [0] 1 \Y
Analog input voltage (see Note 4) -0.05 Ve +0.05 \%
Clock input frequency, fciock (see Note 5) 100 640 1460 kHz
Duty cycle for foock = 640 kHz (see Note 5) 40 60 %
Pulse duration clock input (high or low) for fcjock < 640 kHz, tw(CLK) (see Note 5) 275 781 ns
Pulse duration, WR input low (start conversion), tw(WR) 100 ns
Operating free-air temperature, Tp ADCO804] 49 8s °C

ADC0804C 0 70

NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs.
Thus, the differential input voltage when REF/2 is open and Vo = 5 Vis O to 5 V. VREF/2 for an input voltage range from
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V.

. These values are with respect to DGTL GND.

. When the differential input voltage (VN + - Vjn ) is less than or equal to O V, the output code is 0000 0000.

. Total unadjusted error is specified only at an fgjock of 640 kHz with a duty cycle of 40% to 60% (pulse duration 625 ns
to 937 ns). For frequencies above this limit or pulse duration below 625 ns, error may increase. The duty cycle limits should
be observed for an f¢jock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided tyy(CLK) remains
within limits.

o bW
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ADC0804I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

electrical characteristics over recommended operating free-air temperature range, Vcc = 5V,
fclock = 640 kHz, REF/2 = 2.5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT
VOoH High-level output voltage Al outputs Ve = 475 V. lon = —360 kA 2.4 \
DB and INTR | Vcc = 4.75V, IgH = — 10 4A 4.5
Data outputs | Vcc = 4.75 V, IgL = 1.6 mA 0.4
VoL Low-level output voltage | INTR output | Vcc = 4.75V, lgL = 1 mA 0.4 \Y
CLK OUT Vee = 4.75 V, IgL = 360 pA 0.4
Vs Clock positive-going 2.7 3.1 3.5 v
threshold voltage
v Clock negative-going 15 18 21 v
threshold voltage
VT 4+ — VT - Clock input hysteresis 0.6 1.3 2 \"
hH High-level input current 0.005 1 pA
L Low-level input current -0.005 -1 rA
| Off-st Vo =0 -3 A
0z -state output current Vo =5V 3 n
IOHS Short-circuit output current| Output high | Vg = 0, Ta = 25°C -4.5 -6 mA
loLs Short-circuit output current| Output low Vo =5V, Ta = 25°C 9 16 mA
REF/2 open, CSat5V,
lcc Supply currentrplus reference current T = 25°C 1.9 2.5 mA
RREF/2 Input resistance to reference ladder See Note 6 1 1.3 kQ
Ci Input capacitance (control) 5 7.5 pF
Co Output capacitance (DB) 5 7.5 pF
operating characteristics over recommended operating free-air temperature range, VCC = 5 V,
VREF/2 = 2.5V, fclock = 640 kHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
f;epepz;‘:::a;::';m" errer Vee = 45V 10 5.5V £116 18| LSB
Total unadjusted error
(See Notes 7 and 8) VREF/2 = 2.5V =1 LS8
DC common-mode error
+1/16 +1/8 LSB
(See Note 8)
ten Output enable time Cp = 100 pF 135 200 ns
’E Output disable time Cp = 10 pF, RL = 10 kQ 125 200 ns
td(INTR) Delay time to reset INTR 300 450 ns
Conversion cycle time (See Note 9) | fejock = 100 kHz to 1.46 MHz 65% 723 | ook
tconv cycles
Conversion time 103 114 us
. . INTR connected to WR,
CR Free-running conversion rate —_— 8827 conv/s
CSatOV

TAll typical values are at Tp = 25°C.
NOTES: 2. The internal reference voltage is equal to the voltage applied to REF/2, or approximately equal to one-half of the Vcc when
REF/2 is left open. The voltage at REF/2 should be one-half the full-scale differential input voltage between the analog inputs.
Thus, the differential input voltage when REF/2 is open and Vcc = 5 Vis 0 to 56 V. VRgf/2 for an input voltage range from
0.5 V to 3.5 V (full-scale differential voltage of 3 V) is 1.5 V.
The resistance is calculated from the current drawn from a 5-V supply applied to pins 8 and 9.
These parameters are specified for the recommended analog input voltage range.

owmNo

transition of INTR completes the cycle.

. All errors are measured with reference to an ideal straight line through the end-points of the analog-to-digital transfer characteristic.
. Although internal conversion is completed in 64 clock periods, a CS or WR low-to-high transition is followed by 1 to 8 clock
periods before conversion starts. After conversion is compieted, part of another clock period is required before a high-to-low
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ADCO08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

timing diagrams
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ADCO0804I, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

PRINCIPLES OF OPERATION

The ADCO804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced
by successive approximation logic to match an analog differential input voltage (Vin+ — Vinh—) to a
corresponding tap on the 256-resistor network. The most-significant bit (MSB) is tested first. After eight
comparisons (64 clock periods), an 8-bit binary code (1111 1111 = full scale) is transferred to an output
latch and the interrupt (INTR) output goes low. The device can be operated in a free-running mode
by connecting the INTR output to the write (WR) input and holding the conversion start (CS) input at a
low level. To ensure start-up under all conditions, a low-level WR input is required during the power-up
cycle. Taking CS low anytime after that will interrupt a conversion in process.

When the WR input goes low, the ADCO804 successive approximation register (SAR) and 8-bit shift
register are reset. As long as both CS and WR remain low, the ADC0804 remains in a reset state. One
to eight clock periods after CS or WR makes a low-to-high transition, conversion starts.

When the CS and WR inputs are low, the start flip-flop is set and the interrupt flip-flop and 8-bit register
are reset. The next clock pulse transfers a logic high to the output of the start flip-flop. The logic high
is ANDed with the next clock pulse, placing a logic high on the reset input of the start flip-flop. If either
CS or WR have gone high, the set signal to the start flip-flop is removed, causing it to be reset. A logic
high is placed on the D input of the 8-bit shift register and the conversion process is started. If the CS
and WR inputs are still low, the start flip-flop, the 8-bit shift register, and the SAR remain reset.
This action allows for wide CS and WR inputs with conversion starting from one to eight clock periods
after one of the inputs goes high.

When the logic high input has been clocked through the 8-bit shift register, completing the SAR search,
it is applied to an AND gate controlling the output latches and to the D input of a flip-flop. On the next
clock pulse, the digital word is transferred to the three-state output latches and the interrupt flip-flop is
set. The output of the interrupt flip-flop is inverted to provide an INTR output that is high during conversion
and low when the conversion is completed.

When a low is at both the CS and RD inputs, an output is applied to the DBO through DB7 outputs and
the interrupt flip-flop is reset. When either the CS or RD inputs return to a high state, the DBO through
DB7 outputs are disabled (returned to the high-impedance state). The interrupt flip-flop remains reset.

2-14
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ADC0808, ADC0809

CMOS ANALOG-TO-DIGITAL CONVERTERS

WITH 8-CHANNEL MULTIPLEXERS

D2642, JUNE 1981 —REVISED MAY 1988

® Total Unadjusted Error . . . +0.75 LSB Max N
for ADC0808 and *1.25 LSB Max for DUAL-IN-LINE PACKAGE
ADCO0809 (TOP VIEW)
® Resolution of 8 Bits 3 U] 2
42 27[J1 >INPUTS
® 100 us Conversion Time INPUTS S 5[z 26[] 0
) . A 6[]a 25[] A
® Ratiometric Conversion 7[s 24[]B > ADDRESS
® Monotonicity Over the Entire A/D ST?g; ES iz% ELE
Conversion Range 2-50s 21 % 9—1 (MSB)
® No Missing Codes OE[Jo  20[J272
CLk[Jio 19[]2-3
® Easy Interface with Microprocessors veen 18[]2-4
REF+ 12 17[J2-8 (sB)
® Latched 3-State Outputs GND [z 16f] REF-
® Latched Address Inputs 2-7[e__15[12-6
® Single 5-V Supply FN PACKAGE
® Low Power Consumption (TOP VIEW)
© ot ™M — O
@ Designed to be Interchangeable with EEb b ; b
National Semiconductor ADC0808, T333383%
ADC0809 e
4 3 2 1 282726
L. INPUT 7[] 5 250 A
description START[]6 24} B} ADDRESS
The ADCO808 and ADCO809 are monolithic fochs el
CMOS devices with an 8-channel multiplexer, an oefle 2102-1 (msg)
8-bit analog-to-digital (A/D) converter, and ck o 20f2-2
microprocessor-compatible control logic. The vee i 1923
8-channel multiplexer can be controlled by a 121314 15 16 17 18
microprocessor through a 3-bit address decoder T ‘;:‘Q .—‘1 2:
with address load to select any one of eight L3 L4 t‘: al
single-ended analog switches connected directly « T o
to the comparator. The 8-bit A/D converter uses &

the successive-approximation conversion

technique featuring a high-impedance threshold detector, a switched-capacitor array, a sample-and-hold,
and a successive-approximation register (SAR). Detailed information on interfacing to most popular
microprocessors is readily available from the factory.

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements
make the ADCO808 and ADCO809 especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voltage input terminals.

The ADC0808 and ADCO0809 are characterized for operation from —40°C to 85°C.

PRODUCTION DATA d contain inf i N Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to i,

specifications per the terms of Texas Instruments TEXAS

standard warrantl. Production processing does not

necessarily include testing of all parameters. lNSTRUMEN']‘S
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS
(12)
REF+ o ] SWITCH
REF -~ ———————— MATRIX
; THRESHOLD
(029 4 DETECTOR 4 1 17) -8 (Lse)
(27) (4) 57
(15)
(28) 26
ANALOG output | 8) , 5 DIGITAL
anacoc J 3 mucTi LATCHES |(18) , 4 OUTPUTS
INPUTS (20| PLEXER (19) 5,3
(20) ,_>
3] TIMING 21)
5 - EN |-=— 2—1 (MsB)
64 ool (7) END OF
(5) CONVERSION (EOC)
7
'y
crock 191
START CONVERSION (START) —&!
OUTPUT ENABLE (0E) 2
25)
ADDRESS A 2or
ADDRESS B---] ADDRESS
ADDRESS C1==| DECODER
ADDRESS LOAD 224>
ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED

ADDRESS ADDRESS ANALOG

C B A STROBE CHANNEL
L L L t o]
L L H t 1
L H L t 2
L H H t 3
H L L t 4
H L H + 5
H H L t 6
H H H t 7

= high level, L = low level
= low-to-high transition

- I
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ADC0808, ADC0809

CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

operating sequence

CLOCK

START
CONVERSION

ADDRESS LOAD
ENABLE
ADDRESS

ANALOG INPUT

MULTIPLEX OUTPUT

I-—1/f -—I

JUUUyL Uy ue

50% f \I 50%

50%

f—=+ ADDRESS

50% A

b

e—et—tuis)

50% |
()

50%

tw(ALC)
STABLE

1 f

X

| ANALOG VALUE

xla

X

k——J'——o— INPUT STABLE —————————— &
|

X}

ANALOG VALUE

]
(INTERNAL) : ' ¢
| |
END OF T | \50% o
CONVERSION ' ! ! 1f !
—td(EOC) —= |
OUTPUT ! feonv ~
ENABLE 50% # \ 50%
= =tlen o jetyis
LATCH OUTPUTS 90% 90%
HI-Z STATE 10% 10%
i
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) ... . 6.5 V.
Input voltage range: control inputs . .. ....... ... .. ... ... -03to 15V
all otherinputs .. ........ ... ... . ... ... ... ... -0.3VtoVce + 0.3V
Operating free-air temperature range . . .. ... ... ..ttt —-40°C to 85°C
Storage temperature range . . . . .. ..ottt e -65°C to 150°C
Case temperature for 10 seconds: FN package. . ... ........ ... .. ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C
NOTE 1: Al voltage values are with respect to network ground terminal.
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Vcc 4.5 5 6 \%
Positive reference voltage, Vief 4 (see Note 2) Vee Vecg+0.1 \
Negative reference voltage, Vyef — 0 -0.1 \
Differential reference voltage, Vief4+ — Vyef— 5 \
High-level input voltage, V|4 Veec-1.5 \
Low-level input voltage, V| 1.5 \Y
Operating free-air temperature, Ta -40 i 85 °C

NOTE 2: Care must be taken that this rating is observed even during power-up.

electrical characteristics over recommended operating free-air temperature range. VcCc = 4.75 V

to 5.25 V (unless otherwise noted)

total device
PARAMETER TEST CONDITIONS MIN TYPt MAX | uNIT
VOH High-level output voltage lo = —360 A Vee-0.4 Vv
Data output: Ilop = 1.6 mA 0.45
VoL Low-level output voltage LIPS - 0 \
End of conversion Io = 1.2mA 0.45
| Off-state (high-impedance-state) Vo = Vce 3 A
0z output current Vo =0 -3 s
Iy Control input current at maximum input voltage Vi =15V 1 pA
L Low-level control input current V=0 -1 rA
Icc Supply current folock = 640 kHz 0.3 3 mA
C; Input capacitance, control inputs Ta = 25°C 10 15 pF
Co Output capacitance, data outputs Ta = 25°C 10 15 pF
Resistance from pin 12 to pin 16 1000 kQ
analog multiplexer
PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
V) =V -
lon Channel on-state current (see Note 3) ! cc. felock = 640 kHz 2 WA
Vi = 0.1V, fclock = 640 kHz -2
Vec =5V, [ V=5V 10 200 nA
l Channel off-stat ent TA =28°C | Vi1 =0 —10 -200
nn - urr
off ec Ve sy V=8V 1 R
cc = Vi-0 ]

TTypical values are at Vo = 5 V and Tp = 25°C.

NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock

frequency.

{i’
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

timing requirements, VCC = Vref+ = 5V, Vref— = 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
felock Clock frequency 10 640 1280 | kHz
tconv Conversion time See Note 4 90 100 116 us
twis) Pulse duration, START 200 ns
tw(ALE) Pulse duration, ALE 200 ns
tsu Setup time, ADDRESS 50 ns

=
th Hold time, ADDRESS 50 ns
14 Delay time, EOC See Notes 4 and 5 o} 14.5 us
operating characteristics, TpA = 25°C, V¢C = Vref+ = 5V, Vref— = 0V, felock = 640 kHz (unless
otherwise noted)
ADC0808 ADCO0809
PARAMETER TEST CONDITIONS T T UNIT
MIN TYP MAX MIN TYP MAX
Suppl It. \% =V =475V to 5.25 V,
ksys o ppv voltage ce = Vref+ ° +0.05 +0.05 %IV
sensitivity TA = —40°C to 85°C, See Note 6
Linearity error
+0.25 +0.5 LSB
(see Note 7)
Zero error (see Note 8) +0.25 +0.25 LSB
Ta = 25°C +0.25 =+0.5 +0.
Total unadjusted A b ki £05
Ta = —40°C to 85°C +0.75 +1.25 LSB
error (See Note 9)
Ta = 0°C to 70°C +1
ten Output enable time CL = 50 pF, R = 10 kQ 80 250 80 250 ns
tdis Output disable time CL = 10 pF, R = 10 kQ 105 250 105 250 ns

TTvpical values for all except supply voltage sensitivity are at Vcc = 5V, and all are at T = 25°C.
NOTES:

4. Refer to the operating sequence diagram.

5. For clock frequencies other than 640 kHz, tq(gQC) maximum is 8 clock periods plus 2 ps.

6. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and V,ef + are varied together and the change in accuracy is measured with respect to full-scale.

7. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic.

8. Zero error is the difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.

9. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error.
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

The ADC0O808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive-
approximation converter, and related control and output circuitry.

multiplexer

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power
up to assure start up.

converter

The CMOS threshold detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of binary-weighted capacitors (Figure 1). In the first phase of the
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by
simultaneously charging all the capacitors to the input voltage.

In the next phase of the conversion process, all ST and S switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage.
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one-
half the VcC voltage), a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so
forth down the line, until all bits are counted.

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors.
The conversion process is successive approximation, but relies on charge redistribution rather than a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB.

Sc

THRESHOLD
DETECTOR.

TO
OUTPUT
LATCHES

NODE 128 tﬁEH t.REF+ ta.en ﬁgn tizen T,REH t.REF+ tssn
oy %l ohl 3] rohl oal  al ol %

REF— REF— REF— REF— REF— REF— REF—. REF— REF—

ATTTTTTTS

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM

2-20

Texas ‘Q’

INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265



ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

D2642, NOVEMBER 1986 —REVISED MAY 1988

Total Unadjusted Error . . . £0.75 LSB Max
Resolution of 8 Bits

100 us Conversion Time

Ratiometric Conversion

Monotonous Over the Entire A/D Conversion
Range

No Missing Codes

Easy Interface with Microprocessors
Latched 3-State Outputs

Latched Address Inputs

Single 5-Volt Supply

Low Power Consumption

Designed to be Interchangeable with
National Semiconductor ADCO808CJ

description

The ADCO808M is a monolithic CMOS device
with an 8-channel multiplexer, an 8-bit analog-
to-digital (A/D) converter, and microprocessor-
compatible control logic. The 8-channel
multiplexer can be controlled by a micro-
processor through a 3-bit address decoder with
address load to select any one of eight single-
ended analog switches connected directly to the
comparator. The 8-bit A/D converter uses the
successive-approximation conversion technique
featuring a high-impedance threshold detector,
a switched capacitor array, a sample-and-hold,
and a successive-approximation register (SAR).
Detailed information on interfacing to most
popular microprocessors is readily available from
the factory.

The comparison and converting methods used
eliminate the possibility of missing codes,

J
DUAL-IN-LINE PACKAGE
(TOP VIEW)
30 Uszs 2}
402 272001 >INPUTS
INPUTS < 5[]3  26[] 0
6s 251 A}
70s 24% B > ADDRESS
START EG 23] C
eoc]?  22[JALE
2-5[]s 21[J2-1(MSB)
OEN[]o  20[]J2-2
CLK[Jiwo 19[]2-3
vec[n 18[]2-4

REF+ [J12  17[]2-8 (LSB)
GND 13 16[] REF -
2-7ia 15126

FK PACKAGE
(TOP VIEW)
OOt MmN —O
[l =l =l =l =y
2222222222
[ o T N N
2z2zzzzz2
/ S ) SN S ) SN NS gy SN S
4 3 2 1 282726
INPUT 7[0 5 25 A
START[] 6 24{]B > ADDRESS
Eocfl7 23[c
2-5[]8 22[] ALE
OE[] 9 21J2-1 (msB)
cLk 1o 20(]2-2
vee 19[]2-3
12 13 14 15 16 17 18
il islel]
+on~© /Y
wZl | won!
WO WwJwN
o oc —
o0}
|
N

nonmonotonicity, and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs
from the SAR and latched inputs to the multiplexer address decoder. The single 5-volt supply and low
power requirements make the ADCO808M especially useful for a wide variety of applications. Ratiometric
conversion is made possible by access to the reference voltage input terminals.

The ADCO808M is characterized for operation over the full military temperature range of —55°C to 125°C.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warran(l. Production processing does not
necessarily include testing of all parameters.
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ADC0808M

CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

functional block diagram (positive logic)

12
REF+ 12)

ner. (18]

SAMPLE-AND-HOLD
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(7) enD OF

CONTROL

(9)

OUTPUT ENABLE (OE)

(25)

ADDRESS A(2—4,‘
ADDRESS B ——
ADDRESS ci2_3L
ADDRESS LOAD(Z—Z)1

ADDRESS
DECODER

>

ENABLE (ALE)

MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
ADDRESS ADDRESS ANALOG
[ B A STROBE CHANNEL
L L L T 0
L L H T 1
L H L T 2
L H H 1 3
H L L 1 4
H L H 1 5
H H L 1 6
H H H 1 7

- T

= high level, L = low level
= low-to-high transition

DIGITAL
OUTPUTS

CONVERSION (EOC)
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ADC0808M

CMOS ANALOG-TO-DIGITAL CONVERTER

WITH 8-CHANNEL MULTIPLEXER

operating sequence

CLOCK

START
CONVERSION

ADDRESS LOAD
ENABLE

ADDRESS

ANALOG INPUT

MULTIPLEX OUTPUT

"

50ﬂ50%

JULU UL

et tw(s)

1
50%{ . % 50%
. 1l

L—f——t—
{=-—=+ ADDRESS

tw(ALC)
STABLE

50% ) 50% |
|

b |

1f

X

—~

| ANALOG VALUE

X

je——————+— INPUT STABLE

—

Dl

ANALOG VALUE

X

|
I
(INTERNAL) | ‘
|
| |
END OF i [ \so% ﬁ%
CONVERSION v | . » 1
f—td(EOC) —=f |
OUTPUT = feonv =
ENABLE 50% # X 50%
ten o letdis
i
LATCH OUTPUTS 90% 20%
HI-Z STATE 10% 10%
i
Texas b
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCC (s€e Note 1) . .. ... e e et 6.5V
Input voltage range: control inputs . ....................... e e -0.3to 15V

allotherinputs . .. ..... ... ... ... ... ... ..., =0.3VtoVce + 0.3V
Operating free-air temperature range . . ... .. .. ... ... .uiimueunenennnn. —-55°C to 125°C
Storage temperature range . . . ... .. ..v it ittt e e —-65°C to 150°C
Case temperature for 60 seconds: FK package. ... ......... ... .. .. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

NOTE 1: All voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vce . 4.5 5 6
Positive reference voltage, Vief + (see Note 2) Vee Vee+0.1
Negative reference voltage, Vief — 0 -0.1
Differential reference voltage, Vief + — Vyef— 5
High-level input voltage, V|4 Vee-1.5
Low-level input voltage, V). 1.5
Start pulse duration, ty(s) 200
Address load control pulse duration, tw(ALC) 200
Address setup time, tg 50
Address hold time, tp 50
Clock frequency, fclock 10 640 1280 kHz
Operating free-air temperature, Ta —55 125

NOTE 2: Care must be taken that this rating is observed even during power-up.

{iP
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

electrical characteristics over recommended operating free-air temperature range, VcC = 4.5 V to
5.5 V (unless otherwise noted)

total device
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH High-level output voltage o = —360 pA Vee-0.4 \
VoL Low-level output voltage Data outputs - lo = 1.6 mA 045 \Y
End of conversion lo =1.2mA 0.45
Off-state (high-impedance-state) : Vo = Vce 3
loz nA
output current Vo =0 -3
hh Control input current at maximum input voltage Vi =15V 1 nA
L Low-level control input current Vi =0 -1 A
Icc  Supply current fclock = 640 kHz 0.3 3 mA
C;i Input capacitance, control inputs Ta = 25°C 10 pF
Co Output capacitance, data outputs Ta = 25°C 10 pF
Resistance from pin 12 to pin 16 1000 k2

analog multiplexer

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
V| = Vce. f = 640 kH 2
lon Channel on-state current (see Note 3) ! cc clock z rA
Vi =0, folock = 640 kHz -2
Vec =5V, V=5V 10 200 A
n
Ta = 25°C V=0 -10 -200
loff Channel off-state current A VI 5V 1
| =
\ =5V A
cC V) = 0 ] w

T Typical values are at Vcc = 5V and Tp = 25°C.
NOTE 3: Channel on-state current is primarily due to the bias current into or out of the threshold detector, and it varies directly with clock

frequency.
timing characteristics, VCC = Vyef+ = 5V, Veef— = 0V, TA = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
felock Clock frequency 10 640 1280 kHz
tconv Conversion time See Notes 4 and 5 and Figure 1 90 100 116 us
tenH Enable time, high See Figure 1 150 360 ns
tenl Enable time, low See Figure 1 90 250 ns
tdis Output disable time See Figure 1 200 405 ns
tw(s) Pulse duration, START 200 . ns
tw(ALE) Pulse duration, ALE 200 ns
tsu Setup time, ADDRESS 50 ns
th Hold time, ADDRESS 50 ns
td(eoc) Delay time, EOC See Notes 4 and 6 and Figure 1 0 14.5 us

NOTES: 4. Refer to the operating sequence diagram.
5. For clock frequencies other than 640 kHz, teony is 57 clock cycles minimum and 74 clock cycles maximum.
6. For clock frequencies other than 640 kHz, tq(gpC) maximum is 8 clock cycles plus 2 ps.

{i’
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

operating characteristics, TA = 25°C, VcC = Vref+ = 5V, Vref— = 0V, fclock = 640 kHz (unless
otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT  mAXx UNIT
o Vee = Vief+ = 45Vt 55V, )
3 Supply voltage sensitivit: +0.05 %/V
SVS PPy voltag ity Ta = —55°C to 125°C, See Note 7

Linearity error (see Note 8) +0.25 LSB
Zero error (see Note 9) +0.25 LSB

Ta = 25°C +0.25 +0.5
Total unadjusted error. (see Note 10) A LSB

Ta = —55°C to 125°C +0.75

TTypicaI values for all except supply voltage sensitivity are at Vcc = 5V, and all are at Tp = 25°C.
NOTES: 7. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and V,ef + are varied together and the change in accuracy is measured with respect to full-scale.
8. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic.
9. Zero error is the difference between 00000000 and the converted output for zero input voltage full-scale error is the difference
between 11111111 and the converted output for full-scale input voltage.
10. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error.

PARAMETER MEASUREMENT INFORMATION

Vce
TEST
POINT 5 ko
OUTPUT —@ ®
100 pF CL 11.7 kQ

FIGURE 1. TEST CIRCUIT

{i’
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ADCO808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

PRINCIPLES OF OPERATION

The ADCO808M consists of an analog signal multiplexer, an 8-bit successive-approximation converter,
and related control and output circuitry.

multiplexer

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder.
Address load control loads the address code into the decoder on a low-to-high transition. The output latch
is reset by the positive-going edge of the start pulse. Sampling also starts with the positive-going edge
of the start pulse and lasts for 32 clock periods. The conversion process may be interrupted by a new
start pulse before the end of 64 clock periods. The previous data will be lost if a new start of conversion
occurs before the 64th clock pulse. Continuous conversion may be accomplished by connecting the End-
of-Conversion output to the start input. If used in this mode an external pulse should be applied after power
up to assure start up.

converter

The CMOS threshold detector in the successive-approximation conversion system determines each bit
by examining the charge on a series of binary-weighted capacitors (Figure 2). In the first phase of the
conversion process, the analog input is sampled by closing switch Sc and all ST switches, and by
simultaneously charging all the capacitors to the input voltage.

In the next phase of the conversion process, all ST and S¢ switches are opened and the threshold detector
begins identifying bits by identifying the charge (voltage) on each capacitor relative to the reference voltage.
In the switching sequence, all eight capacitors are examined separately until all 8 bits are identified, and
then the charge-convert sequence is repeated. In the first step of the conversion phase, the threshold
detector looks at the first capacitor (weight = 128). Node 128 of this capacitor is switched to the reference
voltage, and the equivalent nodes of all the other capacitors on the ladder are switched to REF —. If the
voltage at the summing node is greater than the trip-point of the threshold detector (approximately one-
half the VcC voltage), a bit is placed in the output register, and the 128-weight capacitor is switched
to REF —. If the voltage at the summing node is less than the trip point of the threshold detector, this
128-weight capacitor remains connected to REF + through the remainder of the capacitor-sampling (bit-
counting) process. The process is repeated for the 64-weight capacitor, the 32-weight capacitor, and so
forth down the line, until all bits are counted.

With each step of the capacitor-sampling process, the initial charge is redistributed among the capacitors.
The conversion process is successive approximation, but relies on charge redistribution rather than a
successive-approximation register (and reference DAC) to count and weigh the bits from MSB to LSB.

Sc

THRESHOLD
DETECTOR

TO
OUTPUT
LATCHES

128

NODE 128 tzen ﬁEF»« tn.em ﬁen ﬁen tsEF»r ﬁsn t:iEF+
o7 % % ©% ©% % % % %
REF— REF— REF— REF— REF— REF— REF— REF— REF—
S ST

T St St St St ST St STt
Y Y N Y Y G Y B
FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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TLCO820A, TLC0820B, ADC0820B, ADC0820C

Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

D2873, SEPTEMBER 1996 —REVISED FEBRUARY 1989

Advanced LinCMOS™ Silicon-Gate
Technology

8-Bit Resolution
Differential Reference Inputs
Parallel Microprocessor Interface

Conversion and Access Time Over
Temperature Range
Write-Read Mode . . . 1.18 us and 1.92 us
Read Mode . . . 2.5 us Max

No External Clock or Oscillator Components
Required

On-Chip Track-and-Hold
Low Power Consumption . . . 50 mW Typ
Single 5-V Supply

TLCO820B is Direct Replacement for
National Semiconductor ADC0820B/BC and
Analog Devices AD7820L/C/U;

TLCO820A is Direct Replacement for
National Semiconductor ADC0820C/CC and
Analog Devices AD7820K/B/T

ALL TYPES . . . DW OR N PACKAGE
TLC0820__M . .. J PACKAGE

(TOP VIEW)
ANLG IN [ U20vee
(LsB)ypOo[J2  19[INC
D13 18[ ] OFLW
p2[J4 17[JD7 (MSB)
D3[]s 16[]D6
W/RDYEG 15[ ] D5
MODE []7 14[]D4
RD[]s 13[]CS
INT[Jo  12[JREF+
GND {10 11[JREF-

TLC0820__M . .. FK PACKAGE
TLCO0820_I, TLCO820__C . . . FN PACKAGE
ADCO0820__Cl, ADC0820__C . . . FN PACKAGE

description

The TLCO820A, TLC0820B, ADC0820B, and
ADCO0820C are Advanced LinCMOS™ 8-bit
analog-to-digital converters each consisting of
two 4-bit ‘‘flash’’ converters, a 4-bit digital-to-
analog converter, a summing (error) amplifier,

- control logic, and a result latch circuit. The
modified ‘‘flash’’ technique allows low-power
integrated circuitry to complete an 8-bit
conversion in 1.18 us over temperature. The on-
chip track-and-hold circuit has a 100 ns sample
window and allows these devices to convert
continuous analog signals having slew rates of
up to 100 mV/us without external sampling
components. TTL-compatible three-state output
drivers and two modes of operation allow
interfacing to a variety of microprocessors.
Detailed information on interfacing to most
popular microprocessors is readily available from
the factory.

(TOP VIEW)
o Z
%0
- a O
—0 2 00
oo« >2z2
2
D2[a 18[] OFLW
D3[]s 17§ D7 (MSB)
WRI/RDY []6 16(] D6
MODE [] 7 15(J D5
RD I8 14[]D4
9 1011 12 13
o000
= Q | +|(/)
Z Zuw ulo
O w w
oc o

NC—No internal connection

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The I-suffix devices are characterized for operation from —40°C to 85 °C. The C-suffix devices
are characterized for operation from 0°C to 70°C. See Available Options.

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

AVAILABLE OPTIONS

SYMBOLIZATIONT OPERATING TOTAL
DEVICE PACKAGE TEMPERATURE UNADJUSTED

SUFFIX RANGE ERROR
TLCO820AC DW, FN, N 0°C to 70°C +1LSB
TLCO820AI DW, FN, N —40°C to 85°C +1LSB
TLCO820AM DW, FK, J, N -55°C to 125°C +1LSB
TLC0820BC DW, FN, N 0°C to 70°C +0.5 LSB
TLCO8208BI DW, FN, N —40°C to0 85°C +0.5 LSB
TLC0820BM DW, FK, J, N -55°C to 125°C +0.5 LSB
ADCO0820BC DW, FN, N 0°C to 70°C +0.5 LSB
ADC0820BCI | DW, FN, N —40°C to 85°C +0.5 LSB
ADCO0820CC DW, FN, N 0°C to 70°C +1LSB
ADC0820CCI | DW, FN, N -40°C to 85°C +1 LSB

Tin many instances, these ICs may have both TLC0820 and ADC0820 labeling

on the package.

functional block diagram

12) 4-BIT FLASH
REF + an ANALOG-TO- a a (18)
REF — DIGITAL Yaum ares
; CONVERTER (2)
(4 MSBs)
al (3)
/
Lo v output |4
DIGITAL- L:L?;H [ (5)
TO-ANALOG
F < CONVERTER el A
BUFFERS [
| (15)
L_ 4-BIT FLASH (16
ANALOG-TO-
T DIGITAL 4/ —
-1 _ CONVERTER
anLg in 2 +1 aresd
(7
MODE
iy ) -— TIMING (9)
— (13) -
s " CONTROL
RD

—— OFLW

DO (LSB) )
D1
D2
D3
Da
D5
D6

g DIGITAL
OUTPUTS

D7 (MSB)
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PIN DESCRIPTION
NAME NUMBER

ANLG IN 1 Analog input

Cs 13 This input must be low in order for RD or WR to be recognized by the ADC.

DO 2 Three-state data output, bit 1 (LSB)

D1 3 Three-state data output, bit 2

D2 4 Three-state data output, bit 3

D3 5 Three-state data output, bit 4

D4 14 Three-state data output, bit 5

D5 15 Three-state data output, bit 6

D6 16 Three-state data output, bit 7

D7 17 Three-state data output, bit 8 (MSB)

GND 10 Ground

INT 9 In the WRITE-READ mode, the interrupt output, INT, going low indicates that the internal count-down delay time,
td(int). is complete and the data result is in the output latch. tg(int) is typically 800 ns starting after the rising
edge of the WR input (see operating characteristics and Figure 3). If RD goes low prior to the end of td(int).
INT goes low at the end of t4RrIL and the conversion results are available sooner (see Figure 2). INT is reset by the
rising edge of either RD or CS.

MODE 7 Mode-selection input. It is internally tied to GND through a 50-xA current source, which acts like a pull-down
resistor.

READ mode: Occurs when this input is low.
WRITE-READ mode: Occurs when this input is high.

NC 19 No internal connection

OFLW 18 Normally the OFLW output is a logical high. However, if the analog input is higher than the VRgf +. OFLW
will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9
or 10-bits).

RD 8 In the WRITE-READ mode with CS low, the 3-state data outputs DO through D7 are activated when RD goes
low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal
count-down delay time. As a result, the data transferred to the output latch is latched after the falling edge of RD.
In the READ mode with CS low, the conversion starts with RD going low. RD also enables the three-state
data outputs upon completion of the conversion. The RDY output going into the high-impedance state and
INT going low indicates completion of the conversion.

REF — 11 This input voltage is placed on the bottom of the resistor ladder.

REF + 12 This input voltage is placed on the top of the resistor ladder.

Vee 20 Power supply voltage

WR/RDY 6 In the WRITE-READ mode with TS low, the conversion is started on the falling edge of the WR input signal.

The result of the conversion is strobed into the output latch after the internal count-down delay time, tg(int).
provided that the RD input does not go low prior to this time. td(int) is approximately 800 ns.

In the READ mode, RDY (an open-drain output) will go low after the falling edge of TS, and will go into the
high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface
to a microprocessor system.

{i,
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TLCO820A, TLC0820B, ADC0820B, ADC0820C

Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-

DIGITAL

CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLC0820__1 | TLC0820_C
TLCO820_M ADC0820__Cl | ADC0820__C UNIT
Supply voltage, Vg (see Note 1) 10 10 10 \"
Input voltage range, all inputs (see Note 1) ~02to ~0.210 ~0.21t0 \%
Vec+0.2 Vece+0.2 Vece+0.2
Output voltage range; all outputs (see Note 1) ~0.21o 0210 ~0.2to v
Vee+0.2 Vec+0.2 Vce+0.2
Operating free-air temperature range —55to 125 —40 to 85 0 to 70 °C
Storage temperature range -65 to 150 -65 to 150 -65 to 150 °C
Case temperature for 60 seconds: FK package 260 °C
Case temperature for 10 seconds: FN package 260 260 °C
Lead temperature 1,6 mm (1/16 inch) from case 300 oc
for 60 seconds: J package
Lead temperature 1,6 mm (1/16 inch) from case 260 260 260 oc
for 10 seconds: DW or N package
NOTE 1: All voltages are with respect to network ground terminal, pin 10.
recommended operating conditions
TLCO820__ M TLC0820__i TLCO0820_C
ADC0820__ClI ADC0820__C UNIT
MIN NOM MAX [ MIN NOM MAX | MIN NOM MAX
Supply voltage, Vcc 4.5 5 8 4.5 5 8 4.5 5 8 \%
Analog input voltage -0.1 Vee+0.1 | -0.1 Vec+0.1 | -0.1 Vec+0.1 \'
Positive reference voltage, VREF + VREF - Vee | VREF- Vee | VReF- Vee \Y
Negative reference voltage, VREF — GND VREfF +] GND VREr+| GND VREF + \
High-level inpu Vcc = 4.75 V|CS, WR/RDY, RD 2 2 2 v
voltage, V|4 to 5.25 V MODE 3.5 3.5 3.5
Low-level input| Vcc = 4.75 V|CS, WR/RDY, RD 0.8 0.8 0.8 v
voltage, Vi to 5.25 V MODE 1.5 1.5 1.5
Delay To next conversion, t4(NC) 500 500 500 ns
(see Figures 1, 2, 3, and 4)
Delay time from WR to RD in write-read mode,
) 0.4 0.4 0.4 us
tdWR (see Figure 2)
Wrnte~PuIse duration in write-read mode, ty\wW 0.5 50 0.5 50 0.5 50 us
(see Figures 2, 3, and 4)
Operating free-air temperature, Tp -55 125 | —-40 85 0 70 °C

xas WP
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

electrical characteristics at specified operating free-air temperature, VcC = 5 V (unless otherwise noted)

PARAMETER TEST CONDITONS MIN TYPT MAX | UNIT
V =475V,
cc Full range 2.4
. — — loH = —360 pA
VoH High-level output voltage Any D, INT, or OFLW \Y
Vece = 475V, Full range 4.5
IoH = ~10 kA 25°C 4.6
Any D, OFLW, INT, Vece = 56.25 Y, Full range 0.4
VoL Low-level output voltage pa \
or WR/RDY loL = 1.6 mA 25°C 0.34
CS or RD Full range 0.005 1
— Full range 3
. . WR/RDY
hH High-level input current VIH =5V 25°C 0.1 0.3 rA
MODE Full range 200
25°C 50 170
) CS, WR/RDY, RD,
I Low-level input current or MODE ViL=0 Full range -0.005 -1 rA
Ve — 5V Full range 3
Off-state (high-impedance — 0= 25°C 0.1 0.3
loz Any D or WR/RDY A
state) output current Vo = 0 Full range -3
0= 25°C 01 -03
CSat5V, Full range 3
| Analog input " V=5V 25°C 0.3 A
nalog input curren —
! 9 e CSat5V, Full range -3 K
Vi =0 25°C -0.3
Any D, OFLW, INT, Full range 7
— Vo =5V
or WR/RDY 25°C 8.4 14
— Full range -6
[ Short-circuit output t | Any D or OFLW A
0s ort-circuit output curren ny D or o 25°C 33 12 m
T o= Full range -4.5
25°C -5.3 -9
’ : Full range 1.25 6
R, Ref ist, kQ
ref eference resistance 255C 12 33 53
| Supply current CS, WR/RDY, Full range 15 mA
urri —
cc  Supply and RD at O V 25°C 756 13
c | N it Any digital Full ran 5 £
i npu itance ull range
i put capacita ANLG IN 9 45 P
Co Output capacitance Any digital Full range 5 pF

TAll typical values are at Tpo = 25°C.
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

operating characteristics, VcC = 5V, VREF+ = 5 V. VREF- =0, ty = tf = 20 ns, TpA = 25°C
(unless otherwise noted)

TLC0820B TLCO820A
PARAMETER TEST CONDITIONS ADC0820B ADC0820C UNIT
MIN TYP MAX MIN TYP MAX
Supply voltage
k \Y =5V + 5%, Ta = MIN to MAX +1/16  +1/4 +1/16 +1/4| LSB
SVS sensitivity cc A .
Total unadjusted errorT| MODE pin at 0 V, Ta = MIN to MAX 1/2 1 LSB
Read mode
t MODE pin at O V, See Figure 1 1.6 2.5 1.6 2.5
convR conversion time P ‘u ks
Internal count- MODE pin at 5 V, CL = 50 pF,
td(i 800 1300 800 1300
d(int) down delay time See Figures 3 and 4 ns
— t t t, t
taR Access time from RD! | MODE pin at 0 V, See Figure 1 convR  feonvR convR feonvR| o
+20 +50 +20 +50
MODE pin at 5 V, CL = 156 pF 190 280 190 280
t A time from RD! | t, < tg(int)-
aR1 ceess time fro dWR = td(int) CL = 100 pF 210 320 210 320 "°
See Figure 2
MODE pin at 5 V, CL = 16 pF 70 120 70 120
t Access time from RD! | t, > ty(i ns
aR2 dWR = Td(int) CL = 100 pF 90 150 90 150
See Figure 3
taINT Access time from INT! | MODE pin at 5 V, See Figure 4 20 50 20 50 ns
| -alN
] ] _ R =1ka, CL = 10 pF,
tdis Disable time from RDT . 70 95 70 95 ns
See Figures 1, 2, 3, and 5
- Delay time from MODE pin at 0 V, CL = 50 pF,
t, — 50 100 50 100
dRDY &3 10 RDY! See Figure 1 ns
Delay ti fi CL = 50 pF,
WRIH ooy Hme Trom L=sop 125 225 | 126 225 ns
RDT to INT?T See Figures 1, 2, and 3
Delay time fi MODE pin at 5 V, t < td(int)
tgRIL Y Hme from - P! dWR < td(int) 200 290 200 290| ns
RD{ to INT{ See Figure 2
Delay time fi MODE pin at 5 V, CL = 50 pF,
tawiH ey tme frem - P! L P 175 270 175 270| ns
WRT to INT?T See Figure 4
Slew rate tracking 0.1 0.1 V/ps

T Total unadjusted error includes offset, full-scale, and linearity errors.
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH"” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

Ts / AN

- -

| } i‘—‘leC)—“{
_ 1
R/IRDY [ [ 4—WITH EXTERNAL PULL-UP
— H‘-tdnov — r—‘dnm
__ [ !
INT ’ |
I"—‘coan—D‘ |
1
DOD] mmmmcmccc_m_mee— | Mreccccac—-

iﬂ—‘an—'—bl —»| tdis

s\ _ /N /- =N [ N [

WR/RDY __\f x—‘_ _/, WR/RDY _U BK_ _
‘dWR+—+—‘d(NC)—D’ | le—tainc)—|

D ! \ f "D
It -l
dRIL [T | le——tqwR —» tdRIH
| L
| —_
iNT l I | T * f
td(int) H&———p| —’l "_‘ JRIH le——td(int) 1
DO-D7-———————-!--$ F—--— DO-D7 o= == omom cm o o= o o o - -4 ?_—-
taR1—p| e I tanz—ol f—
—Dl 14— tdis —P tdis l‘—
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS
[MODE PIN HIGH AND t4qwR < td(int)] [MODE PIN HIGH AND tqwR > td(int)]
CS Low
RD LOW

wnov XA X/
~h‘ F—‘dWIH |Q——bl—‘d(NC)

et 3| Te_ramr
DATA
P07 —=AE —

FIGURE 4. WRITE-READ MODE WAVEFORMS
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW)
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TLCO0820A, TLC0820B, ADC08208B, ADCUSZ!iC
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

TLC0820 Vee CL = 10 pF

OR

tr
ADC0820 Vee — :"_
8 _ cc 50%
INPUT —— RD o DATA 50%
_ n I100/
=5 ouTPUT b
GND —+l tdis }4—
CL STk VoH
) DATA 0%
OUTPUTS
GND

-@

= ty = 20 ns
Vee CL = 10 pF
TLC0820 —b{trj—
OR Veg ——4 4
0820 $1ke o | £ 90%
AD - s 1# 50%
INPUT —RD DATA l10%
Dn L 2
—= OUTPUT
(&3 ——N tdis H—
GND l
CL DATA |
b ; OUTPUTS 0%
< ty = 20 ns
Dn=D0...D7
TEST CIRCUIT VOLTAGE WAVEFORMS

'FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH" TECHNIQUES

PRINCIPLES OF OPERATION

The TLCO820A, TLC0820B, ADC0820B and ADC0820C each employ a combination of ‘‘sampled-data’’
comparator techniques and “*flash’’ techniques common to many high-speed converters. Two 4-bit ‘’flash’’
analog-to-digital conversions are used to give a full 8-bit output.

The recommended analog input voltage range for conversionis —0.1 V to Vcc +0.1 V. Analog input signals
that are less than VREr - + % LSB or greater than VREF+ — % LSB convert to 00000000 or 11111111
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails.
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to
be varied for ratiometric conversion by changing the VREfF + and VREF — voltages.

The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7).
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used
as an output and is referred to as the “‘ready’’ pin. In this mode, a low on the ‘“‘ready’’ pin while CS is low
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than
2.5 us later when INT falls and the ‘‘ready’’ pin returns to a high-impedance state. Data outputs
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT
returns high, and the data outputs return to their high-impedance states.

The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ‘‘write’’ pin.
Taking CS and the “‘write’’ pin low selects the converter and initiates measurement of the input signal.
Approximately 600 ns after the “write’’ pin returns high, the conversion is completed. Conversion starts on
the rising edge of WR/RDY in the write-read mode.

The high-order 4-bit “’flash’” ADC measures the input by means of 16 comparators operating simultaneously.
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After
a time delay, a second bank of comparators does a low-order conversion on the analog difference between
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch
and are output to the three-state buffers on the falling edge of RD.

{i’
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TLCO820A, TLC0820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

TYPICAL APPLICATION DATA

M\, (20)

E 13 ] &5 vee F% 6 v
WR () - (1)
WR/RDY ANLG ANLG IN
) IN
8) | —
@ | =5
DO (7)
21 5o MODE ——5V
12
D1 81 p, rers 12 —5V
P 4
B‘:JS =2 (( 0 I
D 5 0.1 pF
"‘ ihe "
D4 (14) =
D4
(15 1
D5 ) o5 rer_ L1
D6 (16)
pe 4 0.1 uF
<
D7 - (17) b7 2 r 1u
D8 ]t =
OFL e | ____ (10)
OFLW GND [—) "3
b\ |
b3
(3 | — (20)
CcS Vee b—5Vv
6) | — (1)
WR/RDY ANLG
IN
(1) -
RD
7
214 po MODE }—5 v
] REF+ 1112)
(2] P
(2] [ 0.1 uF
»(14) .
(RE7] rer_ L0 o
(16) DG {: L
(17)
D7 0.1 uF
(18) f— (10)
OFL GND

FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985—REVISED JUNE 1986

8-Bit Resolution ADCO0831 . . . P DUAL-IN-LINE PACKAGE
. (TOP VIEW)
Easy Microprocessor Interface or Stand- .
Alone Operation csr UsOvee
. . . IN+ []2 7 LK
® Operates Ratiometrically or with 5-V 0 ) ¢

Reference IN- )3 6] DO

ereren GND[{a  s[]ReF

® Single Channel or Multiplexed Twin

Channels with Single-Ended or Differential ADCO0832 . . . P DUAL-IN-LINE PACKAGE
Input Options (TOP VIEW)

® Input Range O to 5 V with Single 5-V s Jsn VeC/REF
Supply CHo (2 7] CcLK

® Inputs and Outputs are Compatible with cH1 3 6[] DO
TTL and MOS GND[Ja  s[]nl

® Conversion Time of 32 ;s at
CLK = 250 kHz

® Designed to be Interchangeable with
National Semiconductor ADC0831 and

ADCO0832
TOTAL UNADJUSTED ERROR
DEVICE
A-SUFFIX B-SUFFIX
ADCO0831 +1LSB +% LSB
ADC0832 +1LSB +% LSB

description

These devices are 8-bit successive-approximation analog-to-digital converters. The ADCO831A and
ADCO0831B have single input channels; the ADCO832A and ADC0832B have multiplexed twin input
channels. The serial output is configured to interface with standard shift registers or microprocessors.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.

The ADC0832 multiplexer is software configured for single-ended or differential inputs. The differential
analog voltage input allows for common-mode rejection or offset of the analog zero input voltage value.
In addition, the voltage reference input can be adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

The operation of the ADC0O831 and ADC0832 devices is very similar to the more complex ADC0834 and
ADCO0838 devices. Ratiometric conversion can be attained by setting the REF input equal to the maximum
analog input signal value, which gives the highest possible conversion resolution. Typically, REF is set
equal to Vcc (done internally on the ADC0832). For more detail on the operation of the ADC0831 and
ADCO0832 devices, refer to the ADC0O834/ADC0838 data sheet.

The ADC0831AI, ADC0831BI, ADCO832AlI, and ADC0832BI are characterized for operation from —40°C
to 85°C. The ADCO831AC, ADC0831BC, ADC0O832AC, and ADC0832BC are characterized for operation
from 0°C to 70°C.

PRODUCTION DATA documents contain information ; Copyright © 1985, Texas Instruments Incorporated
current as of publication date. Products conform |
to specifications per the terms of Texas Instdruments TEXAS
dard y. Production pr ing does not
necessarily include testing of all parameters. lNSTRUM EN1S
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ADCO0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

functional block diagram

CLK

cs

re-=1

SHIFT REGISTER

1 Dll

I

(ADC0832 |

| [ P CLK
Ly

LoMY g I D

CHO/IN +
CH1/IN -

<

TO INTERNAL
CIRCUITS

SINGLE/DIFFERENTIAL

il
1

BITS 0-7

ONE
SHOT

- START
FLIP-FLOP
@—y:{} e
S
R
—o<}—4»
>
LK
H:DD‘ .
S
TIME R
DELAY
<
A
cs
= Elé &
R R R
EN . CLK —PCLK
woe Yo oo
BITS 0-7 SHIFT
L:?(?H N—T V| recister D
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

sequence of operation

ADC0831
1 2 3 a 5 6 7 8 9 10
[ ] [
tsubl - : | o
! - tconv » |
_ p b |
cs 11 I
| /£
11 - 4" I
mMux J——— MSBFIRST DATA
SETTLNG—] e |
TIME —f—
DATA _HIZ HI-Z
ms8 LsB
OUT (DO) |
el e
7 6 5 4 3 2 1 )
ADC0832
1 2 3 a 5 6 eee 10 11 12 13 14 ees 18 13 20 21
| Ll . . |
-»| & tsu = || eonv 0 |
. i [ I —
cs | ' |
| /F | o
| ] |
START +SIGN : : : :

BIT SGL ODD 5

% 7 77775 7 7777 7777,

DIF EVEN | | o I |
[¢————MSB-FIRST DATA
MUX | ¢LSB-FIRST DATA———»]
SETTLING . ‘ . 1
DATA TIvE | o ’ HI-Z
msB LsB mSB
ouT (DO ] |
oo S/ 1f
7 6 eee 2 1 0 1 2 eee 6 7

ADC0832 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS CHANNEL NUMBER
SGL/DIF ODD/EVEN 0 1
L L : + -
L H - +
H L +
H H +
H = high level, L = low level,. — or + = polarity of selected input pin

{i’
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ADCO831A, ADC0832A, ADC0831B, ADC0832B

A/D PERIPHERALS WITH SERIAL CONTROL
absolute maximum ratings over recommended operating free-air temperature range (unless otherwise
noted)
Supply voltage, Vo (see Note 1) .. ... e 6.5V
Input voltage range: Logic . ... ... ... ... .. -0.3Vto15V
Analog. . ...... ... ... . -0.3VtoVcc+03V
INPUL CUITENt . . o e +5 mA
Total input current for package . . . .......... ... ... .. ..., e e +20 mA
Operating free-air temperature range: I-suffix. ............................. —40°C to 85°C
C-suffix . ... ... . 0°C to 70°C
Storage temperature range . . . . ..o v it i e e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ... ................. 260°C
NOTE 1: All voltage values, except differential voltages, are with respect to the network ground terminal.
recommended operating conditions
MIN NOM MAX UNIT
Vee Supply voltage 4.5 5 6.3 \Y
ViH High-level input voltage 2 \)
ViL Low-level input voltage 0.8 \
felock Clock frequency 10 400 kHz
Clock duty cycle (see Note 2) 40 60 %
twH(CS) Pulse duration, TS high 220 ns
tsu Setup time, CS low or ADC0832 data valid before clock? 350 ns
th Hold time, ADC0832 data valid after clock? 90 ns
TA Operating free-air temperature I-suffix 40 8% °C
C-suffix 0 70
NOTE 2: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended

duty cycle range, the minimum pulse duration (high or low) is 1 gs.

electrical characteristics over recommended range of operating free-air temperature, Vcc = 5 V,
fclock = 250 kHz (unless otherwise noted)

digital section

PARAMETER TEST CONDITIONS | SUPFIX C SUFFIX UNIT
MIN TYP¥ MAX [ MIN TYP} MAX
v High-level output Vee = 475V, IgH = —360 A 2.4 2.8 v
OH voltage Voo = 4.75V, loH = —10 4A 45 4.6
Low-level output
V V =475V, | = 1.6 mA 0.4 0.34 \"
oL voltage cc oL
High-level input
I \gn-level inpu Vg =5V 0.005 1 0.005 1] A
current
Low-level input
n owrlevel npu ViL = 0 ~0.005 -1 ~0005 -1 | uA
current
High-level output
I \% = Vo. TaA = 25°C -6.5 -14 -6.5 -14 mA
OH (source) current OH o A
Low-level output
1 \ = Ve Ta = 25°C 8 16 8 16 mA
oL (sink) current oL cc A
High-impedance-
‘gnrimpedanc Vo = 5V, Ta = 25°C 0.01 3 0.01 3
loz state output pA
current (DO) Vo =0, TA = 25°C -0.01 -3 -001 -3
C; Input capacitance . b 5 pF
Co Output capacitance ‘ 5 5 pF

T All parameters are measured under open-loop conditions with zero common-mode input voltage.
* All typical values are at Vee = 65V, Ta = 25°C.
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ADCO0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

electrical characteristics over recommended range of operating free-air temperature, Vg = 5 V,
fclock = 250 kHz (unless otherwise noted)

analog and converter section

PARAMETER TEST CONDITIONST MIN TYP? MAX | UNIT
-0.05
VICR Common-mode input voltage range See Note 3 to \
Ve +0.05
. On-channel V| = 5 V at on-channel, 1
Standby input
Off-channel V| = 0 at off-channel -1
liistdby)  current A
On-channel V| = O at on-channel, -1
(see Note 4)
Off-channel V| = 5 V at off-channel 1
Ti(REF) Input resistance to reference ladder 1.3 2.4 5.9 kQ
total device
PARAMETER TEST CONDITIONS MIN TYPF MAX | UNIT
I Supply current ADCO831 ! 25 mA
cc PPl ADC0832 3 52

tal parameters are measured under open-loop conditions with zero common-mode input voltage.

*All typical values are at Voc = 5V, Tp = 25°C.

NOTES: 3. If channel IN — is more positive than channel IN +, the digital output code will be 0000 0000. Connected to each analog input
are two on-chip diodes that will conduct forward current for analog input voltages one diode drop above V. Care must
be taken during testing at low Vcc levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high
temperatures, cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the
analog voltage does not exceed the supply voltage by more than 50 mV, the output code wiil be correct. To achieve an absolute
O V to 5 V input voltage range requires a minimum V¢ of 4.95 V for all variations of temperature and load.

4. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion
and the clock is in a high or low steady-state condition.

operating characteristics VcC = REF = 5V, fglock = 250 kHz, ty = tf = 20 ns, Tp = 25°C
(unless otherwise noted)

PARAMETER TEST CONDITIONSS BI, BC SUFFIX Al AC SUFFIX UNIT
MIN TYP MAX [ MIN TYP MAX
Supply-voltage variation error Vce = 475V to 5.25V +1/16 +1/4 +1/16 +1/4 LSB
Total unadjusted error Vief = 5V, 172 1 LB
(see Note 5) TA = MIN to MAX
Common-mode error Differential mode +1/16  +=1/4 +1/16  +1/4 LSB
MSB-first
Propagation delay time, | - e 650 1500 650 1500
ata
tpd  output data after CLK{ (SBfiret CL = 100 pF ns
-TIrS
(see Note 6) 250 600 250 600
data
CL = 10pF, 125 250 125 250
Output disable time, RL = 10 k@
'is 50 atter TS CL = 100 pF ns
aner L= P en 500 500
RL = 2 k@
Conversion time (multiplexer clock
tconv [ ) 8 8 -
addressing time not included) periods

8 All parameters are measured under open-loop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX,
use the appropriate value specified under recommended operating conditions.
NOTES: 5. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors.
6. The most significant-bit-first data is output directly from the comparator and therefore requires additional delay to allow for
comparator response time. Least-significant-bit-first data applies only to ADC0832.
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ADC0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

. — —Vcc
CLKM
: : GND Vee
_.‘ j—tsy — ety CLKW
=l _ 1 f — ——-GND

—————— Vee
le——tpg

| P
i + T — GND DATA OUT '5-0% VoH
le»—1th I —» th (DO) ) v
[ | T oL
2V v | Vee
DATA IN \| i FIGURE 2. DATA OUTPUT TIMING
(on 0.4V 04v
————— GND

FIGURE 1. ADC0832 DATA INPUT TIMING

al
o
IS
5 |

FROM
OUTPUT
UNDER
TEST Cp s2
‘. I * (See Note A) }'
LOAD CIRCUIT
- e » e
50% Vee _ | Foo% Vee
CS 50% cs 50% | 709
o
o —— GND o —— —~ GND

H—"tdis i‘-"'— dis

-V
—_——ﬁ ————— V cc
DO AND S1 open 90% OH DO AND S1 closed !
SARS OUTPUT S2open %
SARS OUTPUT _SZ_clgfed_ D GND _12“0__ GND

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

NOTE A: C| includes probe and jig capacitance.

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS
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ADC0831A, ADC0832A, ADC0831B, ADC0832B

A/D PERIPHERALS WITH SERIAL CONTROL

Linearity Error—LSB

TYPICAL CHARACTERISTICS

UNADJUSTED OFFSET ERROR
VS
REFERENCE VOLTAGE

16 T TTTITIT T T 17
FVi(+) = Vi(-) =0V
14
12 \
&
-Il 10
g \
g 8 \
. \
S)
a AN
2
N
NS
0 —
0.01 0.1 1 10
Vief—Reference Voltage —V
FIGURE 4
LINEARITY ERROR
Vs
FREE-AIR TEMPERATURE
0.5 |
Vief = 5V
fclock = 250 kHz
0.45 \
0.4 \\
0.35 \\\
0.3
N
0.25

-50 -25 O 25 50 75 100
Ta—Free-Air Temperature— °C
FIGURE 6

Linearity Error—LSB

Linearity Error—LSB

LINEARITY ERROR
vs
REFERENCE VOLTAGE

15 T T
Vee=5V
fclock = 250 kHz
1.25 T TA = 25°C
1.0 \
0.75 \
0.5
0.25
0
0 1 2 3 4 5
Vyef—Reference Voltage—V
FIGURE 5
LINEARITY ERROR
Vs
. CLOCK FREQUENCY
3 T T
Vief = 5V
Vcc =5V
2.5 /
2 /
1.5
1 /
85°C
25°C
-40°C /|
0.5 = >
————
0

0 100 200 300 400 500 600

fclock —Clock Frequency —kHz
FIGURE 7
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

Icc—Supply Current—mA

TYPICAL CHARACTERISTICS

ADCO0831
SUPPLY CURRENT

Vs

FREE-AIR TEMPERATURE

1.5 T y 15
fclock = 250 kHz
CS high
\Vcc =55V
\ <«
£
S~ 110
c
\ E
Vec =5V 5
1 “NVee B 3
\ =
\v{= 45V 9 05
Q
O
\\’\_
0.5 0
-50 -25 0 25 50 75 100

Ta—Free-Air Temperature— °C

ADCO0831

SUPPLY CURRENT

Vs

CLOCK FREQUENCY

1
Vec=5V
Ta =25°C

/

L—]

0 100

200 300 400

fclock—Clock Frequency—kHz

FIGURE 8 FIGURE 9
OUTPUT CURRENT
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5 e T~
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3
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b L T T+
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FIGURE 10
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ADC0834A, ADC0838A, ADC0834B, ADC0838B

A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985—REVISED OCTOBER 1986

8-Bit Resolution

Easy Microprocessor Interface or Stand-
Alone Operation

® Operates Ratiometrically or with 5-V
Reference

® 4- or 8-Channel Multiplexer Options with
Address Logic

® Shunt Regulator Allows Operation with
High-Voltage Supplies

® Input Range 0 to 5 V with Single 5-V
Supply
Remote Operation with Serial Data Link

Inputs and Outputs are Compatible with
TTL and MOS

® Conversion Time of 32 us at
fclock = 250 kHz

® Designed to be Interchangeable with
National Semiconductor ADC0834 and

ADC0838
TOTAL UNADJUSTED ERROR
DEVICE A SUFFIX B SUFFIX
ADCO834 =1LsB =1/2 LSB
ADC0838 +11LSB +1/2 LSB

description

ADC0834 . . . N PACKAGE

(TOP VIEW)
v+ [ 1a[]vee
cs{j2 3[JDI
cHo[]3  12[JCLK
CH1[Ja  11[JSARs
CH2[]s 10[]DO
cH3[]e o[ JREF
DGTL GND[]7 8[JANLG GND
ADCO0838 . . . N PACKAGE
(TOP VIEW)
cHo[1 U20]vee
CH1[]2 19[JV+
cH2[3  18[JCS
cH3[]s 17[JDI
CH4[]s  16[JCLK
cH5(s 15 ] SARS
cHe[]7  1a[]DO
cH7[ds  13[JSE
coMm([]e  12[]REF
DGTL GND[]10  11[JANLG GND

ADCO0838 . . . FN PACKAGE
(TOP VIEW)

These devices are 8-bit successive-
approximation analog-to-digital converters, each
with an input-configurable multichannel
multiplexer and serial input/output. The serial
input/output is configured to interface with
standard shift registers or microprocessors.
Detailed information on interfacing with most
popular microprocessors is readily available from
the factory.

The ADCO0834 (4-channel) and ADCO0838
(8-channel) multiplexer is software configured
for single-ended or differential inputs as well as
pseudo-differential input assignments. The
differential analog voltage input allows for
common-mode rejection or offset of the analog
zero input voltage value. In addition, the voltage
reference input can be adjusted to allow
encoding any smaller analog voltage span to the
full 8 bits of resolution.

CH3 CS
CH4 DI
CH5 CLK
CH6 SARS
CH7 DO
9 10111213
rarar
0OQw|w
% z =z glﬂ
[SRCEY]
=9
0z
Q<

The ADC0834Al, ADC0834BI, ADCO838AI, and ADC0O838BI are characterized for operation from —40°C
to 85°C. The ADCO834AC, ADC0834BC, ADCO838AC, and ADC0O838BC are characterized for operation

from 0°C to 70°C.

PRODUCTION DATA documents contain information
current as of publication date. Products conform
to specifications per the terms of Texas Instruments
dard y. Production p ing does not
necessarily include testing of all parameters.
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ADC0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

functional description

The ADC0834 and ADC0838 use a sample data comparator structure that converts differential analog
inputs by a successive-approximation routine. Operation of both devices is similar with the exception of .
a select enable (SE) input, an analog common input, and multiplexer addressing. The input voltage to be
converted is applied to a channel terminal and is compared to ground (single-ended), to an adjacent input
(differential), or to a common terminal (pseudo-differential) that can be an arbitrary voltage. The input
terminals are assigned a positive (+) or negative (—) polarity. If the signal input applied to the assigned
positive terminal is less than the signal on the negative terminal, the converter output is all zeros.

Channel selection and input configuration are under software control using a serial data link from the
controlling processor. A serial communication format allows more functions to be included in a converter
package with no increase in size. In addition, it eliminates the transmission of low-level analog signals
by locating the converter at the analog sensor and communicating serially with the controlling processor.
This process returns noise-free digital data to the processor.

A particular input configuration is assigned during the multiplexer addressing sequence. The multiplexer
address is shifted into the converter through the data input (DI) line. The multiplexer address selects the
analog inputs to be enabled and determines whether the input is single-ended or differential. When the
input is differential, the polarity of the channel input is assigned. Differential inputs are assigned to adjacent
channel pairs. For example, channel O and channel 1 may be selected as a differential pair. These channels
cannot act differentially with any other channel. In addition to selecting the differential mode, the polarity
may also be selected. Either channel of the channel pair may be designated as the negative or positive input.

The common input on the ADC0838 can be used for a pseudo-differential input. In this mode, the voltage
on the common input is considered to be the negative differential input for all channel inputs. This voltage
can be any reference potential common to all channel inputs. Each channel input can then be selected
as the positive differential input. This feature is useful when all analog circuits are biased to a potential
other than ground.

A conversion is initiated by setting the chip select (CS) input low, which enables all logic circuits. The
CS input must be held low for the complete conversion process. A clock input is then received from the
processor. On each low-to-high transition of the clock input, the data on the DI input is clocked into the
multiplexer address shift register. The first logic high on the input is the start bit. A 3- to 4-bit assignment
word follows the start bit. On each successive low-to-high transition of the clock input, the start bit and
assignment word are shifted through the shift register. When the start bit is shifted into the start location
of the multiplexer register, the input channel is selected and conversion starts. The SAR Status output
(SARS) goes high to indicate that a conversion is in progress, and the DI input to the multiplexer shift
register is disabled the duration of the conversion.

An interval of one clock period is automatically inserted to allow the selected multiplexed channel to settle.
The data output DO comes out of the high-impedance state and provides a leading low for this one clock
period of multiplexer settling time. The SAR comparator compares successive outputs from the resistive
ladder with the incoming analog signal. The comparator output indicates whether the analog input is greater
than or less than the resistive ladder output. As the conversion proceeds, conversion data is simultaneously |
output from the DO output pin, with the most significant bit (MSB) first. E

After eight clock periods the conversion is complete and the SAR Status (SARS) output goes low.

The ADCO0834 outputs the least-significant-bit-first data after the MSB-first data stream. If the shift enable |
(SE) line is held high on the ADC0838, the value of the least significant bit (LSB) will remain on the data l
line. When SE is forced low, the data is then clocked out as LSB-first data. (To output LSB first, the SE i
control input must first go low, then the data stored in the 9-bit shift register outputs LSB first.) When

CS goes high, all internal registers are cleared. At this time the output circuits go to the high-impedance

state. If another conversion is desired, the CS line must make a high-to-low transition followed by address

information.
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

functional description (continued)

The DI and DO pins can be tied together and controlled by a bidirectional processor 1/0 bit received on
a single wire. This is possible because the DI input is only examined during the multiplexer addressing
interval and the DO output is still in a high-impedance state.

Detailed information on interfacing to most popular microprocessors is readily available from the factory.

sequence of operation

ADC0834
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ADC0834 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS CHANNEL NUMBER
SGL/DIF ODD/EVEN SELECT BIT 1 o 1 2 3
L L L + -
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H = high level, L = low level, — or + — polarity of selected input pin
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

sequence of operation

ADC0838
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL :

ADC0838 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS SELECTED CHANNEL NUMBER
SGL/BE ODD/EVEN SELECT 0 1 2 3 com

1 0 0 1 2 3 4 5 6 7

L L L L + -

L L L H + -

L L H L + -

L L H H + -

L H L L - +

L H L H - +

L H H L + -

L H H H - +

H L L L + -

H L L H + -

H L H L + -

H L H H + -

H H L L + -

H H L H + -

H H H L + -

H H H H + -

H = high level, L = low level, — or + = polarity of selected input

absolute maximum ratings over recommended operating free-air temperature range (unless otherwise

noted)
Supply voltage, Vg (see Notes 1 and 2) . . . . ... . 6.5V
Input voltage range: Logic . ... ... ... ... . -0.3Vto 15V
Analog . ... ... .. -0.3VtoVcec+0.3V
Input current: V4 INpUt . . ... L e 15 mA
Any other input . . ... ... e +5 mA
Total input current for package . .......... .. ... .. ... .. +20 mA
Operating free-air temperature range: Al and Bl suffixes .................... —40°C to 85°C
ACandBCsuffixes...................... 0°C to 70°C
Storage temperature rANGE . . . .. ..o vt v m ettt e e e e e —65°C to 150°C
Case temperature for 10 seconds: FN package. . .. ........ .. ... ... .. ... .. . ..., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . . ........... 260°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.

2. Internal zener diodes are connected from the V¢ input to ground and from the V + input to ground. The breakdown voltage
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to V¢ through
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the
Ve input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input.
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ADC0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

recommended operating conditions

MIN NOM MAX | UNIT
Vce Supply voltage 4.5 5 6.3 \
ViH High-level input voltage 2 \%
ViL Low-level input voltage 0.8 \
felock Clock frequency 10 400 | kHz
Clock duty cycle (see Note 3) 40 60 | %
twH(CS) Pulse duration, CS high 220 ns
tsu Setup time, CS low, SE low, or data valid before clock? 350 ns
th Hold time, data valid after clock? 90 ns
X . Al and Bl suffixes —40 85
Ta Operating free-air temperature - °C
AC and BC suffixes 0 70

NOTE 3: The clock duty cycle range ensures proper operation at all clock frequencies. If a clock frequency is used outside the recommended
duty cycle range, the minimum pulse duration (high or low) is 1 us.

electrical characteristics over recommended range of operating free-air temperature,
Vee = V+ = 5V, felock = 250 kHz (unless otherwise noted)

digital section

PARAMETER TEST CONDITIONS Al BI SUPRIX AC, BC SUPFIX UNIT
MIN TYP¥ MAX | MIN TYP¥ MAX
VoH High-level output voltage zg(c: — Z;: x :g: — _?gizA Z: 4212 Y%
VoL Low-level output voltage Vee =525V, gL = 1.6mA 0.4 0.34 \
IIH High-level input current VIH=5V 0.005 1 0.005 1 rA
I Low-level input current ViL=0 -0.005 -1 -0.005 -1 pA
lo4  High-level output (source) current | Vo = 0, Ta = 25°C -6.5 -14 -6.5 -14 mA
loL  Low-level output (sink) current VoL = Vce. Ta = 25°C 8 16 8 16 mA
loz High-impedance-state output Vo =5V, Ta = 25°C 0.01 3 0.01 3 WA
current (DO or SARS) Vo =0, Ta = 25°C -0.01 -3 -0.01 -3
Cj Input capacitance 5 5 pF
Co Output capacitance 5 5 pF
TAll parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified).
*All typical values are at Vece = V+ =5V, Tp = 25°C.
+»
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ADCO834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

electrical characteristics over recommended range of operating free-air temperature,
Vee = V+ = 5V, fglock = 250 kHz (unless otherwise noted)

analog and converter section

PARAMETER TEST CONDITIONS ' MIN Typ? MAX | UNIT
-0.05
VICR Common-mode input voltage range See Note 4 - to \
Vce +0.05
On-channel V| = 5V at on-channel, 1
Standby input current | Off-channel V| = 0 at off-channel -1
Histdby) - ] A
(see Note 5) On-channel V| = O at on-channel, 1
Off-channel V| = 5V at off-channel 1
fi(ref) Input resistance to reference ladder ) 1.3 2.4 5.9 kQ
total device
PARAMETER TEST CONDITIONS MIN TYP¥ MAX | UNIT
. I} = 15 mA at V+ pin,
Vz  Internal zener diode breakdown voltage 6.3 7 8.5 \
See Note 2
lcc  Supply current 1 2.5 mA

tan parameters are measured under open-loop conditions with zero common-mode input volitage.
Al typical values are at Vcc = 5V, V+ =5V, Ta = 25°C.
NOTES: 2. Internal zener diodes are connected from the V¢ input to ground and from the V + input to ground. The breakdown voltage
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to Vcc through
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the
Ve input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input.
4. If channel IN - is more positive than channel IN +, the digital output code will be 0000 0000. Connected to each analog input
are two on-chip diodes that conduct forward current for analog input voltages one diode drop above Vcc. Care must be taken
during testing at low V¢ levels (4.5 V) because high-level analog input voltage (5 V) can, especially at high temperatures,
cause this input diode to conduct and cause errors for analog inputs that are near full-scale. As long as the analog voltage
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute O V to 5
V input voltage range requires a minimum Vcc of 4.950 V for all variations of temperature and load.
5. Standby input currents are currents going into or out of the on or off channels when the A/D converter is not performing conversion
and the clock is in a high or low steady-state condition.
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

operating characteristics V+ = VoG = 5V, fclock = 250 kHz, ty = t§ = 20 ns, TA = 25°C (unless
otherwise noted)

Bl, BC SUFFIX Al, AC SUFFIX
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
Supply-voltage variation error Vce = 475V t05.25V +1/16 +1/4 +1/16 +1/4 LSB
. Vref = 5V,
Total unadjusted error (see Note 6) T MIN to MAX +1/2 +1 LSB
A= 0
Common-mode error Differential mode +1/16 +1/4 +1/16 ==1/4 LSB
Change in zero-error from | 15 mA at V+ pin
= in,
Vce = 5V to internal zener \I/ —5V.V open 1 1 LSB
diode operation (see Mote 2) ref = » VCC op
Propagation delay time, | \\qp first data 650 1500 650 1500
tpd output data after CLK! - CL = 100 pF ns
(see Note 7) LSB-first data 250 600 250 600
- Output disable time, CL = 10pF, R = 10kQ 125 250 125 250 ns
diS DO or SARS after CSt CL = 100 pF, R = 2 kQ 500 500
. Conversion time (multiplexer 8 s clock
conv addressing time not included) periods

T Al parameters are measured under open-lgop conditions with zero common-mode input voltage. For conditions shown as MIN or MAX,
use the appropriate value specified under recommended operating conditions.

NOTES: 2. Internal zener diodes are connected from the Vc input to ground and from the V + input to ground. The breakdown voltage
of each zener diode is approximately 7 V. One zener diode can be used as a shunt regulator and connects to V¢ through
a regular diode. When the voltage regulator powers the converter, this zener and regular diode combination ensures that the
Ve input (6.4 V) is less than the zener breakdown voltage. A series resistor is recommended to limit current into the V + input.

6. Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors.

7. The most significant bit (MSB) data is output directly from the comparator and therefore requires additional delay to allow
for comparator response time.

PARAMETER MEASUREMENT INFORMATION

.« — —Vcc
CLK 50% 50%
! ! GND

| |
"I [—1tsu - ety
_|_|_.----____L_l______vcC
— ! [
cs | |
04avX | :
|-t T t GND
| lep—th I—ﬂ :“—‘h
| |
| Vce
DATA IN |

(D

FIGURE 1.

DATA INPUT TIMING
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

— ——=Vec
I I

GND
le—t—tpa tod—b|  l—

| pom o o o o - o = —— | v
DATA *,;0% :ﬂ 50% cc
ouT (DO)_ —_

-
T GND

= Vece
SE Sk 50%
GND

FIGURE 2. DATA OUTPUT TIMING

Vee
TEST l
POINT s1
FROM R
OUTPUT L
UNDER
TEST c
" I ™ (See Note A) isz
LOAD CIRCUIT

“— tI'
]
90% Vee

4
T
_+

cs 50%
10%

— — GND

—¥—tdis j—— tdis

e —— -Vee
DOAND Siopen  90% OH DO AND  S1 closed !
SARSOUTPUT S2closed ™ GND SARS OUTPUT  S2 open £10% GND
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

NOTE A: C includes probe and jig capacitance.

Q
v
(%))
(=]
x
_—I
(=]
)
o
R
[] <
2 o
© o
|
|

FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

UNADJUSTED OFFSET ERROR LINEARITY ERROR
Vs Vs
REFERENCE VOLTAGE REFERENCE VOLTAGE
16 T T T TTT1TT T 1'5 ] |
—Vi#) =Vi(—) =0V Vee=5V
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125 - *Tosoc
-] 4 1.0
2 10 ]
: 5
g 8 & 0.75
» ©
£ 6 £ o5
\ -
¢ \N
0.25
2
N
0 ™~ 0
0.01 0.1 1.0 10 0 1 2 3 4 5
Vyef—Reference Voltage—V Vy¢ef—Reference Voltage—V
FIGURE 4 FIGURE 5
LINEARITY ERROR LINEARITY ERROR
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FREE-AIR TEMPERATURE CLOCK FREQUENCY
05 l 3 T
sy L] o
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© 0
2 N 32
!l 04 1
s AN 5
w N uw 1.5
2z \ z /
% 0.35 5 /
- N\ £ 5
- -
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]
0.3 \\ 05 = -40°C — /7
0.25 1]
50 -—25 0 25 50 75 100 0 100 200 300 400 500 600
TA—Free-Air Temperature—°C felock — Clock Frequency - kHz
FIGURE 6 FIGURE 7
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ADCO0834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

SUPPLY CURRENT
'
FREE-AIR TEMPERATURE

SUPPLY CURRENT
vs '

CLOCK FREQUENCY

1.5

I T 15 .
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< \\ v,
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& N5, v E
| |
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9 Clesv Q
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TA — Free-Air Temperature — °C fclock — Clock Frequency — kHz
FIGURE 8 FIGURE 9
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ICL7135C, TLC7135C

Advanced LinCMOS™ 4 1/2-DIGIT PRECISION

ANALOG-TO-DIGITAL CONVERTERS

D2851, DECEMBER 1986 —REVISED MARCH 1988

The ICL7135C and TLC7135C offer 50-ppm
(one part in 20,000) resolution with a maximum
linearity error of one count. The zero error is less
than 10 uV and zero drift is less than 0.5 xV/°C.
Source-impedance errors are minimized by low
input current (less than 10 pA). Rollover error is
limited to +1 count.

The BUSY, STROBE, RUN/HOLD, OVER-RANGE,
and UNDER-RANGE control signals support
microprocessor-based measurement systems.

® Advanced LinCMOS™ Technology N PACKAGE
® Zero Reading for 0-V Input (TOP VIEW)
ero Heading for ©-V Inpu vee - [ U2 JUNDER-RANGE
® Precision Null Detection with True Polarity REF[J2  27[JOVER-RANGE
at Zero ANLG COMMON[]3  26[JSTROBE
INT OUT[J4  25[JRUN/HOLD
® 1-pA Typical Input Current AUTO ZERO([]s 24%DGTL GND
BUFF OUT[J6  23[]JPOLARITY
® True Differential Input Cref— E7 22[]CLK
c
® Multiplexed Binary-Coded-Decimal Output ’l"‘,\j N E: i;%gﬁ:sm
® Low Rollover Error: +1 Count Maximum IN+ [0 19[JD2
Vee+ [ 18[]D3
® Control Signals Allow Interfacing with (MsD) D5[J12  17[]D4
UARTSs or Microprocessors (LSB) :; O :zjgi (MSB)
14
® Autoranging Capability with Over- and
Under-Range Signals FN PACKAGE
TOP VIEW
® TTL-Compatible Outputs (z )
® Direct Replacement for Teledyne TSC7135, g § o
Intersil ICL7135, Maxim ICL7135, and - 2 I= "
Siliconix Si7135 3a f3p
£ 023
2 s Z24axc>>50In
description o 3,‘;._1. T
The ICL7135C and TLC7135C converters are AUTO ZERO[J5 25[] RUN/HOLD
manufactured with Texas Instruments highly BUFF OUT [J6 24[]DGTL GND
efficient Advanced LinCMOS™ technology. This Cref- 17 23[] POLARITY
4 1/2-digit dual-slope-integrating analog-to- Cfle’\t %2 sz gb';v
digital conve.rter is designed to provﬁde intgrfaces N+ 10 200 b1 (LSD)
to both a microprocessor and a visual display. vee + P” 190 p2
The digit-drive outputs D1 through D4 and 12131415161718
. . . Oooaoooo;oc
multiplexed binary-coded-decimal outputs, B1 poas®eo
through B4, provide an interface for LED or LCD g P P eoe
decoder/drivers as well as microprocessors. 2 4 2

AVAILABLE OPTIONS T

SYMBOLIZATION OPERATING
PACKAGE | TEMPERATURE
DEVICE
SUFFIX RANGE
ICL7135C FN, N 0°C to 70°C
TLC7135C FN, N 0°C.to 70°C

Tin many instances, these ICs may have
ICL7135C and TLC7135C symbolization on the
package.

The control signals also can support remote data acquisition systems with data transfer via universal

asynchronous receiver transmitters (UARTSs).

The ICL7135C and TLC7135C are characterized for operation from 0°C to 70°C.

‘z \ Caution. This device has limited built-in gate protection. The leads should be shorted together or the device
placed in conductive foam during storage or handling to prevent electrostatic damage.

Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not
necessarily include testing of all parameters.
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

functional block diagram
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e b2 DIGIT
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