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IMPORTANT NOTICE

Texas Instruments (TI) 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 Tl’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 TI applications assistance, customer product
design, software performance, or infringement of patents or services
described herein. Nor does Tl warrant or represent that any license,
either express or implied, 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.

Information contained in this data book supersedes all data for this
technology published by Tl in the United States of America before
January 1989.

Copyright © 1989, Texas Instruments Incorporated



INTRODUCTION

Texas Instruments offers an extensive line of industry-standard integrated circuits for peripheral support applications of
microprocessor-based systems, DSP (digital signal processing) related analog interfaces, and other high-speed
digitizing requirements that demand ADC and DAC conversion.

Tl data acquisition system circuits represent technologies from traditional bipolar through Advanced Low-Power
Schottky (ALS), IMPACT™, LiInCMOS™, Advanced LInCMOS™, and LInEPIC™ processes. The ALS and IMPACT™
oxide-isolated technology provides the data acquisition family with improved speed-conversion characteristics.
LiInCMOS™ and Advanced LInCMOS™ technologies feature improvements in resolution, power consumption, and
temperature stability. LInEPIC™ has both improved speed conversion 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 (ADC) Converters
Successive-Approximation Semi-Flash, and Flash ADC Converters
Current Multiplying and Video DAC Converters

Color Palette Chips "

Analog Interface for Digital Signal Processors

Analog Switches and Multiplexers

Switched-Capacitor Filter Integrated Circuits

These products cover the requirements of consumer applications, industrial process controls, digital signal processing,
microprocessor interface, electronic instrumentation, digital audio equipment, video work stations, and imaging. 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 continuously updated.
Quality and performance are monitored throughout all phases of manufacturing.

The alphanumeric listing in this data book includes all devices in Volumes 1, 2, and 3. Products in this data book are
shown in bold type. The alphanumeric index provides a method of quickly locating the correct device type. The
selection guide includes a functional description of each device that provides key parameter information and packaging
types. Ordering information and mechanical data are in the last section of the data book.

While this volume offers design and specification data for data acquisition circuit components only, complete technical
data for any Tl semiconductor product is 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 the new 1989 Data Acquisition and Conversion data book will be a significant addition to your
library of technical literature from Texas Instruments.

IMPACT, LinCMOS, Advanced LInCMOS, and LinEPIC are trademarks of Texas Instruments Incorporated.
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ALPHANUMERIC INDEX

MF10A............. 2-139
MF10C............. 2-139
NES55 . ............ VOL 1
NE5SS6 ............. VOL 1
NE592 ............. VOL 1
NE5S532 . ........... VOL 1
NES534 .. .......... VOL 1
OPO7 . ............. VOL 1
OPO7C ... ... ....... VOL 1
OPO7D . ............ VOL 1
OPO7E . ............ VOL 1
OP27A . . ... ....... VOL 1
OoP27C .. ........... VOL 1
OP27E .. ........... VOL 1
OoP27G .. ........... VOL 1
OP37A . ... ... ...... VOL 1
OP37C . ............ VOL 1
OP37E . ............ VOL 1
OP37G . ............ VOL 1
RC4136 . ........... VOL 1
RC45588 . ........... VOL 1
RC4559 . ........... VOL 1
RM4136 . ........... VOL 1
RM4558 . ........... VOL 1
RV4136 .. .......... VOL 1
RV4558 . ........... VOL 1
SA555 . ... ... VOL 1
SA556 . ............ VOL 1
SE555 . ............ VOL 1
SE555C . ........... VOL 1
SE556 ............. VOL 1
SE556C . ........... VOL 1
SE592 . ............ VOL 1
SE5534 ............ VOL 1
§G2524 .. ... ..., VOL 3
SG3524 . ......... .. VOL 3
SN28827 . .......... VOL 1
SN28828 . .......... VOL 1
SN76494/A .. ... .. ... VOL 1
SN76496/A .. ... ... .. VOL 1
TLOtOl . ... L VOL 1
TLO1OC ............ VOL 1
TLOT o VOL 1
TLO12. ... . VOL 1
TLOT4A . .. ... VOL 1
TLO21 .. ... VOL 1
TLO22M . ... VOL 1
TLO22C ... ......... VOL 1
TLO26C . ........... VOL 1
TLO27C ... ....... VOL 1
TLO3T . ... VOL 1
TLO32 . ............. VOL 1
TLO34 ... ... ... ... VOL 1
TLO40C ............ VOL 1
TLO41C ............ VOL 1
TLO44M ... ... ...... VOL 1
TLO44C ............ VoL 1
TLOST .. ... VOL 1

LM339 ............. VOL 1
LM348 . ............ VOL 1
LM358 . ............ VOL 1
LM385-25 .......... VOL 3
LM393 . ............ VOL 1
LM2900 . ........... VOL 1
LM2901 . ........... VOL 1
LM2902 . ........... VOL 1
LM2803 . ........... VOL 1
LM2904 . ........... VOL 1
LM2907 . ........... VOL 1
LM2917 .. .......... VOL 1
LM2930-5 .. ......... VOL 3
LM2930-8 ... ........ VOL 3
LM2931-5AQ . .. ... ... VOL 3
LM3302 ............ VOL 1
LM3300 ............ VOL 1
P11t o VOL 1
LP211 . ... L VOL 1
LP239 . ............ VOL 1
LP311 ... VOL 1
LP339 ............. VOL 1
LP2901 . ........... VOL 1
LT1001 . ... ....... .. VOL 1
LT1004 . ... ......... VOL 3
LT1007 . . ........... VOL 1
LT1008 . ... ......... VOL 1
LT1009 . ... ......... VOL 3
LT1011 . ... .. ...... VOL 1
LT1012 . . ... ........ VOL 1
LT1013 . ............ VOL 1
LT1016 . ... ......... VOL 1
LT1028 . .. .......... VOL 1
LT1036M ... ........ VOL 3
LT1036C . .......... VOL 3
LT1037 . . ........... VOL 1
LT1054 . . ........... VOL 3
LT1070 . ............ VOL 3
LT1084 . . ........... VOL 3
LTC1044 . .......... VOL 3
LTC1052 ........... VOL 1
LTC7652 . .......... VOL 1
MC1445 . ... ... ... .. VOL 1
MC1458 . . ... .. ..... VOL 1
MC1558 . . .......... VOL 1
MC3303 . ........... VOL 1
MC3403 . ........... VOL 1
MC3423 .. .......... VOL 3
MC3470 . ... ........ VOL 1
MC34060 ........... VOL 3
MC79L05 . .......... VOL 3
MC79L05A .. ... ..... VOL 3
MC79L12 .. ......... VOL 3
MC79L12A . ... ...... VOL 3
MC79L15 . .......... VOL 3
MC79L15A . ... ...... VOL 3
MF4A-50 ........... 2-127
MF4A-100 .......... 2-127
*i
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ALPHANUMERIC INDEX

TLO52 . ............ VOL 1 TL499A . ... ......... VOL 3 TL7712A . . .. .. ... .. VOL 3
TLOS4 ............. VOL 1 TL500 .........000.. 2-93 TL7715A . . .. ... ... .. VOL 3
TLOBO ............. VOL 1 TL501 . ............ 2-93 TL7770-5 ... ........ VOL 3
TLO6GT . ............ VOL 1 TL502 ............. 2-93 TL7770-12. ... . ..., .. VOL 3
TLOB2 . ............ VOL 1 TL503 ...... . 2-93 TL7770-15 . .. ........ VOL 3
TLO64 . ............ VOL 1 TL505 ...... . 2-107 TL7780-5 ........... VOL 3
TLOGEM .. .......... VOL 1 TL507 ...... e 2-115 TL7780-12......... .. VOL 3
TLO66! . ... .......... VOL 1 TLS14M ... ... VOL 1 TL7780-15. .......... VOL 3
TLOB6C .. .......... VOL 1 TL592 ... ... VOL 1 TLCO4 ............ . 2-127
TLO70 . ............ VOL 1 TLB92B . ... ... VOL 1 TLCO820A .......... 2-189
TLO71 . ... VOL 1 TLS94! ... ... L VOL 3 TLC0820B ..... . .. 2-189
TWO72 . ... ........ VOL 1 TL594C ... ... ... ... VOL 3 TLC10 . ... i eenn 2-139
TLO74 . ............ VOL 1 TL595C ... ... ... VOL 3 TLC14 ... .......... 2-127
TLO75 ... VOL 1 TL598 . ............ VOL 3 TLC20 ...... e e 2-139
TLOBO . ............ VOL 1 TL601 ...... e 2-121 TLC251C . ... ... .. VOL 1
TLO8T . ... ... VOL 1 TL604 ............. 2-121 TLC252C . .......... VOL 1
TLO82 ... ... ... VOL 1 TL607 .......c0nv e 2-121 TLC254C . .......... VOL 1
TLO83 . ............ VOL 1 TL610 ............. 2-121 TLC25L2C . .. ...... .. VOL 1
TLO84 . ............ VOL 1 TL712 .o VOL 1 TLC25L4C . . . ...... .. VOL 1
TLO8S ... ... ... VOL 1 TL714C ... ... ... ... VOL 1 TLC25M2C . ... ... .. VOL 1
TLO87 ... ... ... ... VOL 1 TL721 . VOL 1 TLC25M4C . ... .. .. .. VOL 1
TLO88 . ............ VOL 1 TL750L05 . ....... ... VOL 3 TLC271 ... ... VOL 1
TLO8O8 ............ 2-81 TL750L08 ........... VOL 3 TLC272 . ... ... ..., VOL1
TLO809 ............ 2-81 TL750L10 . ....... ... VOL 3 TLC274 . ... ... ... .. VOL 1
TL186C . ........... VOL 1 TL750L12 ... ... .. ... VOL 3 TLC277 . ... ... VOL 1
TL170C . ........... VOL 1 TL750MO05 . ......... VOL 3 TLC279 . ... ........ VOL 1
TL172C ............ VOL 1 TL750M08 . ......... VOL 3 TLC27L2 . ... ... ... VOL 1
TLI730 ..o VOL 1 TL750M10 . ......... VOL 3 TLC27L4 . . .. ... .. ... VOL 1
TL173C ............ VOL 1 TL750M12 .. ... .. ... VOL 3 TLC27L7 .. ... VOL 1
TL182 . ............ 2-87 TL751L05 . .......... VOL 3 TLC27L9 . . . ... ...... VOL 1
TL185 ............. 2-87 TL751L08 . .......... VOL 3 TLC27TM2 .. ... ... ... VOL 1
TL188 ......... ... 2-87 TL751L10 . .. ..... ... VOL 3 TLC27TM4 . . ... ... ... VOL 1
TL191 ............. 2-87 TL751L12 .. ... ... ... VOL 3 TLC27TM7 . . ... ... ... VOL 1
TL287 .. ... ... VOL 1 TL751MO5 .. ..... ... VOL 3 TLC27TMO .. ......... VOL 1
TL288 .. ... ... VOL 1 TL751M0O8 .. ........ VOL 3 TLC339M . . ......... VOL 1
TL317ZM . ... o VOL 3 TL751M10 .. ........ VOL 3 TLC339l ............ VOL 1
TL317C .. ... ... ... VOL 3 TL751M12 ... ... VOL 3 TLC339C ........... VOL 1
TL3211 .. VOL 1 TL780-05 ........... VOL 3 TLC352M .. ... .. ... VOL 1
TL321C . ... ... .. VOL 1 TL780-12 ... ........ VOL 3 TLC3521 ... .. ... VOL 1
TL3221 ... ... VOL 1 TL780-15 . .......... VOL 3 TLC352C ........... VOL 1
TL322C . ... ... VOL 1 TL783C ............ VOL 3 TLC354M ... ... .. ... VOL 1
TL331 .o VOL 1 TL851 ... ... .. .. ..., VOL 1 TLC3541 ............ VOL 1
TL331C . ... ... ..., VOL 1 TL85%2 . ... .. ... ... VOL 1 TLC354C ........... VOL 1
TL4A30! ... ... ... VOL 3 TL853 ......... . ... VOL 1 TLC372M ... ... .. ... VOL 1
TL430C ............ VOL 3 TL1451AC .. .. .. .... VOL 3 TLC3721 . ...... .. ... VOL 1
TLAB1Al ... ... . VOL 3 TL3013C . .......... VOL 1 TLC372C ........ ... VOL 1
TL431AC ... .. ... ... VOL 3 TL3019C ........... VOL 1 TLC374M . ... ..., ... VOL 1
TL431M ... ... . VOL 3 TL3020C . .......... VOL 1 TLC3741 .. .......... VOL 1
TLA31 .. VOL 3 TL31O1L ..o VOL 1 TLC374C .. ......... VOL 1
TL431C .. ... VOL 3 TL3101C . ... ....... VOL 1 TLC393M . .......... VOL 1
TL441AM ... ... .. ... VOL 1 TL31031 . ........ ... VOL 1 TLC393! .. ... ... VOL 1
TL493 ... ... ... ... VOL 3 TL3103C . .......... VOL 1 TLC393C ........... VOL 1
TL494 .. ... .. ... ... VOL 3 TL5501 .......... . 3-13 TLC532A ........... 2-155
TL495 ... ... ... VOL 3 TL5601 ............ 3-19 TLC533A ........... 2-155
TL496C . ........... VOL 3 TL5602 ............ 3-23 TLC540 ............ 2-165
TL497AM ... ... .. ... VOL 3 TL7702A . ... ..., .... VOL 3 TLC541 ........... . 2-165
TL497AI ... ... . ..., VOL 3 TL7705A . .. .. ... .... VOL 3 TLC542 ............ 3-27

TL497AC . .......... VOL 3 TL7709A .. .......... VOL 3 TLC543 .. .......... 3-35

1}
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ALPHANUMERIC INDEX

UA79M24C . ... ... VOL 3
uctg4e ............ VOL 3
uc1847 ............ VOL 3
ucag42 ............ VOL 3
uc2s43 ............ VOL 3
ucag44 ............ VOL 3
ucasas ............ VOL 3
ucag46 ............ VOL 3
uca847 ... ... VOL 3
ucsg4z . ........... VOL 3
uc3g43 ............ VOL 3
uc3844 ............ VOL 3
uc3g4s ............ VOL 3
Uc3846 . ........... VOL 3
ucsg47 ......... ... VOL 3

UA748C . ........... VOL 1
UA2240C ........... VOL 1
UA7805 . ........... VOL 3
uA7806 . ........... VOL 3
UA7808 . ........... VOL 3
uA7810 ............ VOL 3
UuA7812 . ... ... .. ... VOL 3
UA7815 ... ... ... ... VOL 3
UA7818 ... ......... VOL 3
uA7824 ... ......... VOL 3
UA7885 . ........... VOL 3
UA78LO2AC . . .. ... ... VOL 3
uA78L02C .......... VOL 3
uA78LOSAC . . . ... . ... VOL 3
uA78LO5C . ... ... ... VOL 3
UA78LOBAC . . .. ... ... VOL 3
uA78L06C ... ....... VOL 3
UA78LOBAC . ... ...... VOL 3
uA78LO8C ... ....... VOL 3
UA78LOSAC . ... ... ... VOL 3
UA78L09C .. ........ VOL 3
UA78L10AC . .. ... .. .. VOL 3
uA78L10C .......... VOL 3
UA78L12AC . ... ... ... VOL 3
uA78L12C .. ... .. ... VOL 3
UA78L15AC . . .. ... ... VOL 3
UA78L15C .. ... L. VOL 3
UA78MO5M . . . ... .. VOL 3
UA78MO5C ... ... .. .. VOL 3
UA78M06 ... ... ..... VOL 3
UA78M08 . ... ....... VOL 3
UA78MO09 ... ........ VOL 3
UA78M10 . .......... VOL 3
UA78M12M . ... ... VOL 3
uA78M12C .. ... ... .. VOL 3
UA78M15M .. . ... ... VOL 3
UA78M15C . ... ... VOL 3
UA78M20 ... ........ VOL 3
UA78M24 ... ..., VOL 3
UA7905 ............ VOL 3
UA7906 ............ VOL 3
UA7908 .. .......... VOL 3
uA7912 ... ... VOL 3
UA7915 .. ... VOL 3
UA7918 .. .......... VOL 3
UA7924 ... ... ... VOL 3
UA7952 . ... ... ... .. VOL 3
UA79MOSM . . .. ... VOL 3
UA79M05C .. ... ... .. VOL 3
UA7OMOBM . . . ... .. .. VOL 3
UA79M06C . ... ... ... VOL 3
UA79MOBM . . . ... VOL 3
uA79M08C . ... ... ... VOL 3
uA79MO12M . ... ... VOL 3
uA79M012C .. ... .. .. VOL 3
UA79MO15M . ... ‘VOL 3
UA79MO15C ... ... ... VOL 3
uA79M20C . ... ... ... VOL 3
*i
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DATA ACQUISITION AND CONVERSION
SELECTION GUIDE

single-slope and dual-slope A/D converters

SPEED PAGE
CONVERSION FUNCTION RESOLUTION TYPE PACKAGE
(ms) NO.
Dual SI A/D with BCD Output 4 1/2 Digit: 34 TLCT135 FN, N 2-69
Wi 1gl . -
ual Slope utey s ICL7135 g
Dual-SI Analog P 4 1/2 Digits TL500 J DW -
- nalos cessol .
va-slope Analog Frocessors 3 1/2 Digits 8 TL501 903 ©
Digital Processors with Seven-Segment Outputs 4 1/2 Digits TL502 E
Digital Processors with BCD Outputs 4 1/2 Digits TL503 N 8
Dual-Slope Analog 10 Bits 50 TL505 2-107 S
Pulse-Width Modulator for Single-Slope Converter 7 Bits 1 TL507 P 2-115 E
successive-approximation and semi-flash converters ‘E
V]
ADDRESS UNADJUSTED c
SIGNAL INPUTS RESOLU- | CONVERSION POWER [
AND ERROR PAGE
TION SPEED DISSIPATION TYPE PACKAGE (D
DATA I/O [ ANALOG [ANALOGT (MAX) NO.
(BITS) (us)¥ (mW TYP)
FORMAT | DEDICATED | DIGITAL *LSB
0.5 ADC0803 2-23
18 1.0 ADC0804 N 2-29
10 ' ADCO0805 2-23
100 0.75 ADCO808 FN, N 2-35
0.75 ADCO0O808M FK, JD 2-41
8 ¢} 8 1.25 ADCO0809 2-35
0.75 TLO8BOS8 FN, N
0.5 2-81
1.25 TLO8O9
Parallel
0.5 ADC0820B
18 1 35 10 ADCOB20C | oy en, N [2-189
1.0 TLCO820A o
0.5 TLCO820B
15 TLC532A
5 6 6 0.5 FN, N 2-155
30 TLC533A
1. TLC1225A
1 o] 13 10 45 0 1228 J. N 3-43
0.5 TLC1225B

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

Spifferential input

TExAs ‘t? .
INSTRUMENTS
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DATA ACQUISITION AND CONVERSION
SELECTION GUIDE

successive-approximation converters

ADDRESS NAD D
ANDS SIGNAL INPUTS RESOLU- | CONVERsION | Power | U ‘;n;l:;“ PAGE
TION SPEED | DISSIPATION TYPE PACKAGE
DATA 0 [ ANALOG |ANALOGT | - ot - TY:: (MAX) CKAGE | ‘wo.
S m
FORMAT | DEDICATED | DIGITAL # +1SB
s 10 ADCOB31A
0.5 ADC0831B
P 249
58 1.0 ADCO832A
) A
| e s
48 - N
05 ADC0834B 257
10 ADCO838A
8 FN, N
0.5 ADC0838B
Serial 0 1 T
eria 11 8 3 6 LC540 | bw, kN, N | 2-165
25 TLCB41
8 20 10 TLC542 FN, N |327
TLC54
5 22 LC543 D.JN [335
25 o5 TLC544
13 : TLC545
19 FN, N |2-173
25 . TLC546
22 TLC54
1 €548 D, P |2181
25 TLC549
1 10 31 TLC1S40 |y en, o, | 2-109
1.0 TLC1541 o
D/A converters (5 V to 15 V)
N R TION 1
FUNCTION TTL COMPATIBILITY AT 15 v | RESOLUTION | SETTLNG TIME| PACKAGE | TAGE
(BITS) (ns) NO.
AD7524A N vs
Single Multiplying D/A AD75244 FN, N
No TLC7524 | D.FN. N | 2225
100 AD75288
8 528 FN, N 2-11
Dual Multiplying D/A AD7528K
1 n
ual Mditiplying TLC7528 | DW, FN, N | 2-233
Yes AD7628 3-3
AD7533C| FN,N
Single Multiplying D/A No 10 150 AD7533L 3-65
TLC7533 | D, FN, N

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

SDifferential input

'/
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DATA ACQUISITION AND CONVERSION
SELECTION GUIDE

analog interface for digital signal processors

DYNAMIC
TRANSFER RESOLUTION | SAMPLING ON-BOARD PAGE 1
FUNCTION RANGE TYPI
CHARACTERISTIC (BITS) (BITS) RATE FILTERS € NO.
1 MHz (A/D) LC0820/ADC0820| 2-189 g
TLC7524 2-225| omm
Discrete Interfaces Linea 8 8 5 MHz (D/A) N AD7524 23 ©
inear (]
A/D and D/A 5 MHz TLC7528 2-233] £
(Dual D/A) AD7528 2-11 s
10 10 4 MHz (D/A) TLC7533/AD7533 | 3-65 (4
TLC320407 c
High Performance i 19.2 kHz Yes -
Comb Linear 14 14 ® ble) 1P ble) TLC30041 7 2-247 | -
ombo rogrammable) [(Programmal
ore 9 ®1  Ticazosz! ©
44 - 4]
Voiceband AIC Linear 14 14 20 kHz Yes TLCaz20 2277 c
TLC32045 2-311 o
video converters o
]
CONVERSION RESOLUTION i?t’:gﬁ:zgy Dlspscl)s‘:lv\ir:ou TYPE PACKAGE PAGE
FUNCTION (BITS) NO.
(MHz) (mW)
6 TL5501 3-13
Video A/D C t 300
‘aeo onverter 8 TLC5502 3-55
6 20 325 TL5601 N 3-19
Video D/A Converter s 375 TL5602 3-23
125 TLC5602 3-61
analog switches and multiplexers
POWER VOLTAGE TYPICAL PAGE
FUNCTION SUPPLIES RANGE IMPEDANCE TYPE PACKAGE NO
) [\l (OHMS) )
1
Twin SPDT :gg I:-J gg
+15 +10 N -87
Dual SPST * * 100 T(188 28
Twin Dual SPST 150 TL191
SPDT TL601
100 L60
Dual SPOT +25 1710 +26 TL604 JG,P | 2121
SPST with Enable * ° 100 TL607 ‘
SPST with Logic Inputs 80 TL610
50 TLCA4016 2-209
Quad Bilateral Analog Switch 12 21012 D, J. N
uad Bilateral Analog Switc o 30 TLC4066 5217
switched-capacitor filter ICs
POWER
FILTER PAGE
F 10N
UNCTIO ORDER SUPPLIES TYPE PACKAGE NO.
V)
TLC10/MF10A
Dual Filter, General Purpose 2 +4to +5 TLC20/MF10C FN, N 2-139
TLCO4/MF4A-
Low Pass, Butterworth 4 +2.5t0 6 LCO4/M 50 D, P 2-127
TLC14/MF4A-100
T The TLC32040 and TLC3204 1 have two differential inputs for the 14-bit A/D and a serial port input 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.
T i
EXAS 1-9
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DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

Replacements are based on similarity of electrical and mechanical characteristics as 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. c
Manufacturers are arranged in alphabetical order. -\g
£
ANALOG DIRTE|CT SUGGTEISTED PAGE 3
DEVICES REPLACEMENT REPLACEMENT No. v
AD570JN ADCO803CN 2-23 E
AD7512DIUN TL182CN 2-87 —
AD7512DlJQ TL182IN 2-87 ©
AD7512DIKN TL182CN 2-87 a‘,
AD7512DIKQ TL182IN 2-87 c
AD7512DISD TL182MJ 2-87 [
AD7512DITD TL182MJ 2-87 0
AD7520 TiC7533, AD7533B 3-65
AD7524AD AD7524AN TLC7524IN 2-3
AD7524JN AD7524JN TLC7524CN 2-3
AD7528BQ AD7528BN TLC7528IN 2-11
AD7528KN AD7528KN TLC7528CN 2-11
AD7533 TLC7533, AD7533 3-65
AD7820K/B/T TLCO820A, ADC0820CC 2-189
AD7820L/C/U TLC0820B, ADC0820BC 2-189
AD7533 TLC7533, AD7533 3-65
AD7820 TLC0820, ADC0820 2-189
ADC82AG TLCO820BIN, 2-189
ADC0820BCIN 2-189
ADC82AM TLCO820AIN, 2-189
ADCO820CCIN 2-189
ADC-830C 2-23
ADC-EK12DC TL500/1/3CN 2-93
TLC7135CN 2-69
TLC7135CFN 2-69
ICL7135CN 2-69
ADC-EK12DR TL500/1/3CN 2-93
TLC7135CN 2-69
TLC7135CFN 2-69
ICL7135CN 2-69
ICL7135CFN 2-69
DIRECT SUGGESTED
FUJITSU T I P'cgs
REPLACEMENT REPLACEMENT :
MB4053P TL507IN 2-115
MB40576 TL5501 3-13
MB40578 TLC5502 3-55
MB40776 TL5601 3-19
MB40778 TLC5602 3-61
T ‘IP
EXAS 1-11
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265




DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

DIRECT
. HARRIS I P:g‘
1 REPLACEMENT .
TLC10 2-139
) DIRECT SUGGESTED
g INTERSIL I I P':\ge
-1 REPLACEMENT REPLACEMENT :
= ADCO803LCD ADCO803IN 223
o ADCO803LCN ADCO803CN 223
- ADCO804LCD ADCO804IN 229
5 ADCO804LCN ADCO804CN 2-29
a DGM182AK TL182MN TL604MP 287
e DGM182BJ TL182CN/IN TL604CP/IP 287
3 DGM185AK TL185MN TL604MP 287
S DGM185BJ TL185CN/IN TL604CPIP 287
- DGM188AK TL188MN TL610MP 287
o DGM188BJ TL188CN/IN TL610CPIP 2.87
3 DGM191AK TL191MN TLE610MP 287
DGM191BJ TL191CN/IN TL610CP/P 287
ICL7135CPI ICL7135CN 2-69
ICL7135CFN 269
TLC7135CN 269
TLC7135CFN 269
LINEAR sl PAGE
TECHNOLOGY REPLAGEMENT NO.
LTC1060ACN TLC1ON 2139
LTC1060CN TLC2ON 2-139
DIRECT
MAXIM m P,‘:gE
REPLACEMENT :
MF10BN TLC1ON 2139
MF10CN TLC20N 2-139
MICRO SUGGTEISTED paGE
NETWORKS . REPLACEMENT NO.
TLCOB20ACN/TLCOB20BCN, 2-189
MN5100/5101 ADCO820BCN/ADCO820CCN 2-189
MN5120/5130/5140 TLCOB20ACN/TLCOB20BCN, 2-189
ADCO820BCN/ADC0820CCN 2-189
MICRO SUGGESTED PAGE
POWER SYSTEMS REPLAGEMENT NO.
MP7138AN TL500/1/3CN 293
TLC7135CN 269
TLC7135CFN 269
ICL7135CN 269
ICL7135CFN 269
MP7574AD/BD ADCOBO5IN series 223
MP7574IN/KN ADCO804CN or 229
ADCO8O05CN series 2-23
MP7581/JN/KN/AD/BD ADCO808N/ADCOBOON 235

1412 Texas “9
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DATA ACQUISTION AND CONVERSION
CROSS-REFERENCE GUIDE

DIRECT SUGGESTED
MOTOROLA T T P,‘:‘gE
REPLACEMENT REPLACEMENT 1
MC1405L TL500CN/TL501CN/ 2-93
TL505CN 2-107
MC14433pP TL500/1/3CN 2-93 =
TLC7135CN 2-69 <)
TLC7135CFN 2-69 =
ICL7135CN 2-69 o
ICL7135CFN 2-69 £
MC14442L TLC533AMJ TLC532AMJ 2-155 =
MC14442pP TLC533AIN TLC532AIN 2-155 ‘2
MC14443P TL507IN 2-115 -
MC14444P TLC546IN 2-173 -_—
MC14447P TLS07IP 2-115 —
MC145040FN TLC541MFN TLC540MFN 2-165 ©
MC145040L TLC541MJ TLC540MJ 2-165 Q
MC145040P TLC541MN TLC540MN 2-165 c
MC145041P1 TLC542IN 327 [
MC54HC4016J TLC4016MJ 2-209 Q
MC74HC4016J TLC4016IN 2-209
MC74HC4016N TLC4016IN 2-209
MC54HC4066J TLC4066MJ 2-217
MC74HC4066J TLC4066IN 2-217
MC74HC4066N TLC4066IN 2-217
DIRECT SUGGESTED
NATIONAL T m P:g‘
REPLACEMENT REPLACEMENT :
ADCO0803LCD ADCO803IN 2-23
ADCOS03LCN ADCO803IN 2-23
ADCO804LCD ADCO804IN 2-29
ADCO804LCN ADCO8B04CN 229
ADCO8O5LCN ADCO8O05IN 223
ADCO808N/ 2-35
ADC0808CCJ TLOBOSN 281
ADCO808N/ 2-35
ADCO808CCN TLOBOBN 281
ADCOB09N/ 2-35
ADCO809CCN TLOBOSN 281
ADCO0811BCJ TLC541IN TLC540IN 2-165
ADCO0811BCN TLC541IN TLC540IN 2-165
ADCO0811BCV TLC541IFN TLC540IFN 2-165
ADCO811BJ TLC541MJ TLC540MJ 2-165
ADCO0811CCJ TLC541IN TLC540IN 2-165
ADCO811CCN TLC541IN TLC540IN 2-165
ADCO0811CCV TLC541IFN TLC540IFN 2-165
ADCO0811CJ TLC541MJ TLC540MJ 2-165
ADCO0820BCD TLCO820BIN, 2-189
ADCO820BCIN 2-189
ADCO820BCN TLCO820BCN, 2-189
ADCO820BCN 2-189
ADCO0820BD TLC0820BMJ, 2-189
ADCO820BJ 2-189
ADC0820CCD TLCO820AIN, 2-189
ADCO0820CCIN 2189
ADCO0820CCN TLCO820ACN, 2189
ADCO820CCN 2-189
ADC0820CD TLCO820AMJ, 2-189
ADC0820CJ 2-189
ADC0829BCN TLC533AIN TLC532AIN 2155
ADC0829CCN TLC533AIN TLC532AIN 2-155
ADCO830BCN TLC546IN 2173
ADC0830CCN TLC546IN 2173

TEXAS i 113
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DATA ACQUISTION AND CONVERSION

CROSS-REFERENCE GUIDE

(Continued)
DIRECT SUGGESTED
NATIONAL Tl T P,CgE
REPLACEMENT REPLACEMENT :
ADC08318CJ ADCO831BIP TLC549IN 2.49
o ADCO831BCN ADCO831BCP TLC549IN 2.49
) ADC0831CCJ ADCO831AIP TLC549IN 2-49
5 ADCO831CCN ADCO831ACP TLC549IN 2.49
@ ADC0832BCJ ADCO832BIP 2.49
= ADCO832BCN ADCO832BCP 2.49
o ADC0832CCJ ADCO832AIP 2.49
— ADC0832CCN ADCO832ACP 2.49
3 ADCO834BCJ ADCO834BIN 2.57
o ADCO834BCN ADCO834BCN 2.57
= ADC0834CCJ ADCO834AIN 2.57
3 ADC0834CCN ADCO834ACN 2.57
® ADC0838BCJ ADCO838BIN 2.57
- ADCO838BCN ADCO838BCN 2.57
o ADC0838CCJ ADCO838AIN 2.57
3 ADCO838CCN ADCO838ACN 2.57
ADC1001CCJ TLC1541IN 2-199
ADC1005BCJ TLC1541IN 2-199
ADC1005CCJ TLC1541IN 2199
ADC1225 TLC1225 3-43
ADC3511CCN TL500/1/3CN 2-93
TLC7135CN 2.69
TLC7135CFN 2.69
ICL7135CN 2.69
ICL7135CFN 2-69
ADC3711CCN TL500/1/3CN 2.93
TLC7135CN 2-69
TLC7135CFN 2-69
ICL7135CN 2.69
ICL7135CFN 2-69
ADD3501CCN TL500/1/2CN 2-93
ADD3701CCN TL500/1/2CN 2-93
MF10AN TLC10CN 2-139
MF10CN TLC20CN 2139
MMB54HC4016J TLC4016MJ 2-209
MMB4HC4066J TLC4066MJ 2-217
MM74HC4016N/J TLC4016IN 2-209
MM74HC4066N/J TLC4066IN 2-217
MF4-50 TLCO4/MF4A-50 2127
MF4-100 TLC14/MF4A-100 2127
PRECISION SUGGTEISTED PAGE
MONOLITHICS REPLACEMENT NO.
PM7524FQ TLC7524IN, AD7524AN 2-225
PM7524FP TLC7524CN, AD7524JN 2-225
PM7528 TLC7528, AD7528 2-233
PM7533 TLC7533, AD75338 3-65
DIRECT SUGGESTED
RCA I I PaSE
REPLACEMENT REPLACEMENT :
CD4016AD TLC4016MJ 2-209
CDA4016AE TLC4016IN 2-209
CD4066AD TLC4066MJ 2.217
CD40B6AE TLC4066IN 2-217
CA3162E TL501CN/TL503CN 2-93
T '}
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DATA ACQUISITION AND CONVERSION
CROSS-REFERENCE GUIDE

SIGNETICS

ADCO0803/4/5-1LCN
ADCO0804-1CN
NE5034F
NESO36FE/N/D
NE5S037F/N/D

SILICONIX

DG182AP
DG182BP
DG185AP
DG185BP
DG188AP
DG188BP
DG191AP
DG191BP

LD110CJ

LD111ACJ

LD120CJ

LD121ACY

Si520DJ

Si7135CJ

DIRECT
T
REPLACEMENT
ADCO0803/4/5IN
ADCO0804CN

DIRECT
TI
REPLACEMENT

TL182MN
TL182CN/IN
TL185MN
TL185CN/IN
TL188MN
TLL188CN/IN
TL191MN
TL191CN/IN

TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN

SUGGESTED
TI
REPLACEMENT

TLC532AIN
TLC549CN/CD
TLC549CN/CD

SUGGESTED
T
REPLACEMENT

TL610MP
TL610CP/IP
TL604MP
TL604CP/IP
TL604MP
TL604CP/IP
TL604MP
TL604CP/IP

TL503CN
TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN

TL501CN
TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN

TL500CN
TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN

TL5O3CN
TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN
ADCO808N/
ADCOBOSN

PAGE
NO.

2-23
2-29
2-155
2-181
2-181

PAGE
NO.

2-87
2-87
2-87
2-87
2-87
2-87
2-87
2-87

2-93
2-69
2-69
2-69
2-69

2-93
2-69
2-89
2-69
2-69
2-93
2-69
2-69

General Information H

2-69

2-93
2-69
2-69
2-69
2-69
2-35
2-35
2-69
2-69
2-69
2-69
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DATA ACQUISITION AND CONVERSION

CROSS-REFERENCE GUIDE

TELEDYNE

TSC7135CPI

TSC8700
TSC8701
TSC8703
TSC8704

TSC14433CN

DIRECT SUGGESTED
Tl TI

REPLACEMENT REPLACEMENT

TLC7135CN

TLC7135CFN

ICL7135CN

ICL7135CFN
ADCO808N
TLC1541IN
ADCO808N
TLC1541IN
TLC7135CN
TLC7135CFN
ICL7135CN
ICL7135CFN

PAGE
NO.

2-69
2-69
2-69
2-35
2-199
2-199

2-69
2-69
2-69
2-69
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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.

General Information H

Digital
CONVERSION CODE Output
Code Ideal Straight Lin
Range of eal Straig e
Analog Digital \ '
Input Output R
Values Code 0..101 + P—,.—"
R
4
.
Center R
4555 0..101 s
0...100 - (e
D
3545 0...100 Step e
__________________ A
{2535 0..011 ) L 00117 )
___________________ ’ ‘~_______ PR U
15625 0..010
0...010 -+
0515 0...001
o 0...001 —+
05 0...000 \—— Step Width (1 LSB)
) Analog
0...000 } 4 = } } Input
0 1 2 3 4 5 Value
| |
| Midstep Value
of 0...011
Quantization Error
+% LSB
Analog
input
[ Value

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.)

uoeWIOoU] |RIBUSE) !

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

Analog
Output
Value
7/
Ideal Straight Line 4
5 4
7/
7/
a /'T'"
r 4
N/ -+—— Step Height
[IA 4 (1LSB)
3T ! II ]
JI/ 1
7
2+ s
A
4 : : re— Step Value
1
14+ o o
/ ! |
Va -
. : : Digital
0 —+ 4 —— } } Input
0..000 0..001 0..010 0..011 0..100 0..101 Code
\

)

-7
Step
CONVERSION CODE

3
Digital Input Code 0...000 [ 0...001 {0...010 {{0...011}] 0...100 | 0...101

1
Analog Output Value 0 1 2 1 3 4 5
L. -

FIGURE 2. ELEMENTS OF TRANSFER DIAGRAM FOR AN IDEAL LINEAR DAC
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GLOSSARY
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.

General Information

NOTE 1: The subscript for the letter symbol of a characteristic at negative full scale is "FS—" (VF§—, IFS—).
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: VFSnom = VFSRnom
— for a bipolar converter: VESnom = 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.

o,

'}
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uoniewWIoU| [e1ouSr) N

= VEsnom
a

Digital
Output
Code

Ideal Straight Line

Vesnom
Analog Input
) 7 Value
',: Vesr )—J|
a. UNIPOLAR ADC
Digital Digital

Output

V, =Analog Input Value
b. BIPOLAR ADC WITH TRUE ZERO c. BIPOLAR ADC WITH NO TRUE ZERO

FIGURE 3. IDEAL STRAIGHT LINE, FULL-SCALE VALUE AND ZERO-SCALE VALUE
(SHOWN FOR IDEAL LINEAR ADCs)
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GLOSSARY
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Full-Scale Range, (Practical) (of a linear ADC or DAC) (VFsSR, 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)
— for a 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.

Texas {'P
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uoIEWIOJU| [RIBUSE) H

Digital
Output
Code Gain Point
S
T e m e mm e e e —. .
g
A
110 + [ 4 [
P
T4 '
101 <+ !
[ :
v ‘
100 + el !
3¢ '
1
|
011 + ;7"‘ \ Ideal !
/‘ Straight Line '
1
010 + — |
v '
P4l |
z !
7/ : : Analog
000 ll—-.-—‘}————*——}—{—’—k———-, Input Value
Offset / 0 1 2 3 4 5 6 7
Point a. BEFORE ADJUSTMENT
Gain
Adjustment
Digital Digital \
Output Output
Code Code
MMl --mmmm s mm e m i — - - N—r-X L R e == T
7 oo
1 P2 ' /: 1
110 + st —— Y ' 110 + [l S
A bl
v 1 H I !
101 — - ! 101 1+ = = it .
[ \ [ |
] 1 ' )
T4 ' ' i
100 + e — 3 ' 100 + ' !
v/ ' v/ '
'/ | [V 4 |
1 2 H | '
011+ —4 ! 011+~ ,——73 !
|
Cor | v i
010 - ——a i 010 + — :
r s 1 i !
(v 1 (W4 :
1 ] 1 Y
001 _‘L '—-'(-/--' : 001 + rv! :
‘L/: : l:/ :
000 em=¥—4 } } $ } | i 000 +—t—t— t —
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
| Analog Input Value Analog Input Value
\— Offset Adjustment
b. AFTER OFFSET ADJUSTMENT c. AFTER OFFSET AND GAIN ADJUSTMENTS

NOTE: In the above examples, the offset point is referred to the step with the digital code 000, and the gain point is referred to the step
with the digital code 111.

FIGURE 4. ADJUSTMENT IN OFFSET POINT AND GAIN POINT FOR AN ADC
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Analog
Output
Value Gai .
— Gain Point
L E R bty »
4
,
p.
6L s c
» o 2
’
o l &
5 ‘{‘ // i E
|
v, . £
4 4+ / L, : =]
) ’ 1 N
, . =
34 / e : —
y I ' —
R \ . ©
, '
2T ) e Ideal ; V]
i Straight Line ' c
. '
1 —-/ ’ | <]
[ ] K : 0
// :
’
Qe
Offset ﬁoo 010 100 110
Point 001 o 101 1M1
Digital Input Code
a. BEFORE ADJUSTMENT
Analog Analog
Output Output
Value Value
R VA e T T
’_ /?I I#
7 /' 1
6 4 Value ¢ 6 + )’/ !
Before X | ’ ),(
Adjustment —a d s ‘? 1
5 '1_ s ! 1
: ' Gain
X /’ H ! Adjust-
4 4+ X ’/ \ a \ ment
1 '
//// ] I
3 4 ’ : :
’
/ ! |
’ | 1
. i 1
2 _" X /’//’ : Value :
’ | After l
4 /4 ! Offset !
: Adjustment |
| Digital | Digital
0 4 ! Input \ | ! Input
000 Code (')0 T l Code
1 0 1 110
001 011 101 111 #7001 _.011 - 101 1M1
b. AFTER OFFSET ADJUSTMENT c. AETE\R“OFFSET AND GAIN'ADJUSTMENTS

NOTE: In the above examples, the offset point is referred to the step with the digital code 000, and the gain point is referred to the step
with the digital code 111.

FIGURE 5. ADJUSTMENT IN OFFSET AND GAIN POINT FOR A DAC
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GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

LSB, Unit Symbol (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:
11SB = FSR _ _ FSR(nom)

2n — 1 2n
Qo
=3 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 multiple 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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FIGURE 7. NONMONOTONIC CONVERSION OF AN ADC OR DAC

EXAS W
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

1-25



-—

uoleWLIOU] |RIBUDD)

GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS

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.
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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: «gG

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—,
1zs-).
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+, 125 +)
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) (AIFSS, AVFSS)
The difference between the absolute values of the two full-scale analog values.

Compliance, Current (of a DAC) (I0(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)

Texas *L‘
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Supply Voltage Sensitivity, (of a DAC) (ksys)
. 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.

-—

@

g 3. DYNAMIC PERFORMANCE

2 Conversion Rate (of an externally controlled ADC) (f¢)

o The number of conversions per unit time.

E NOTE 1: The maximum conversion rate should be specified for full resolution.

2 NOTE 2: The conversion rate is usually expressed as the number of conversions per second.

3 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.

8 Conversion Time (of an ADC) (t¢)

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 muitiplying 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

t

sd

Specitied Error Band (+ )

_1 !— Final Value

Glitch —\

Digital Change —

t
ts«

(Digital) Settling Time Somp = (Digital) Slew Rate tyy = (Digital) Delay Time
Analog Settling Time

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

sd

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
aramp 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 multiplying DAC) (tgr)
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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FIGURE 9. OUTPUT CHARACTERISTICS FOR A RAMP IN REFERENCE VOLTAGE
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ty, = Reference Delay Time t;, = Reference Settling Time Somr = Reference Slew Rate
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FIGURE 10. OUTPUT CHARACTERISTICS FOR A STEP CHANGE IN REFERENCE
VOLTAGE OF A MULTIPLYING DAC
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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.

General Information H

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 submultiples 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".

uollewW.IoU| |eIBUSD) !
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oin
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Code \ \ (LSBI Point —__
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: [ at
Actual H : . 1 ,/ !
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110 + ,——'—L__,‘:___-I 1 6 4 " ]
. ] ’ ; > 4
! v | P -l
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! e : ! Diagram\ . r'd !
. 1
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H .
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7 ral
! | 7 [
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a ' e |
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000 y t } | o’I/—s - —+ } |
0 5 6 7 000 100 101 110 111
Analog Input Value (LSB) Digital Input Code
a. ADC b. DAC

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) (E| (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: The inherent 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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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) (E| (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.
i
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FIGURE 13. DIFFERENTIAL LINEARITY ERROR OF A LINEAR ADC OR DAC

1-34 Texas Q’
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



GLOSSARY
TERMS, DEFINITIONS AND LETTER SYMBOLS
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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)

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

Fora 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.

General Information H
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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) (ERQ)
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.
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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:

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.

If this error is expressed as a relative value, the term "relative accuracy error" should be used

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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AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D3100, APRIL 1988

Advanced LInCMOS™ Silicon-Gate N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors outt [Jr Use[]Res
. ouT2[J2  1s[JREF
On-Chip Data Latches
P GND 3 14 D VDD
Monotonicity Over Entire A/D Conversion DB7 [Ja 13[JWR
Range pB6[]s  12[1CS
® Segmented High-Order Bits Ensure Low- ggi ES " gg?
Glitch Output ! 10
DB3 | |8 9| DB2

® Designed to be Interchangeable with Analog
Devices AD7524, PMiI PM-7524, and Micro

AD7524J . . . FN PACKAGE
Power Systems MP7524

(TOP VIEW)
® Fast Control Signaling for Digital Signal N
Processor Applications Including Interface 8 8 (Z) C;EE
with TMS320
KEY PERFORMANCE SPECIFICATIONS GND _Y_Q_D
Resolution 8 Bits bB7 WR
Linearity error %2 LSB Max NC _N_q
Power dissipation 5 mwW M DB6 cs
m ax
atVpp = 5V DB5 DBO
Settling time 100 ns Max 9
Propagation delay 80 ns Max § g (2J g E
[alya) [alya]
description NC —No internal connection

The AD7524 is an Advanced LinCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface
to most popular microprocessors.

The AD7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the “‘write’’
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in
the most-significant bits, which produce the highest glitch impulse. The AD7524 provides accuracy to
Y2 LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 mW typically.

Featuring operation from a 5-V to 15-V single supply, the AD7524 interfaces easily to most microprocessor
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the AD7524 an ideal choice for many
microprocessor-controlled gain-setting and signal-control applications.

The AD7524A is characterized for operation from —25°C to 85°C, and the AD7524J is characterized
for operation from 0°C to 70°C.

AVAILABLE OPTIONS

SYMBOLIZATION OPERATING
PACKAGE TEMPERATURE
DEVICE
SUFFIXES RANGE
AD7524A N —25°C to 85°C
AD7524J N, FN 0°C to 70°C

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated
current as of publication date. Products conform to }

specifications per the terms of Texas Instruments

standard warranty. Production processing does not

TEXAS
necessarily include testing of all parameters. INSFRUMENTS
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AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

s19ayg eleq m

VoD
(14)
(15) R R R
REF —— ]
2R 32R
1 (16)
RF
>
157 ¥ }s3 158 | 2R
LT D
I : } : ouUT1
|
1 | | | (2)
t 4 + 4 ouT2
1 | | p :
e 1 1
s 4§ @
—_ (13 DATA LATCHES GND
WR —»- <c
2
7 A 3 A
(4) (5) (6) (1)
DB7 DB6 DB5 DBO
(MSB) (LSB)
o /

"V
DATA INPUTS

operating sequence

s My,
| h(CS)

]
i |
cs \ | /
|
———tw(WR——]
1 |

j—tsuip)—>
| J—— thD)

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

Supply voltage, VDD -+« « oot -0.3Vto17V
Voltage between REB and GND . . .. .. ... .. +25V
Digital input voltage, V| .. ... ... ... -0.3VtoVpp+0.3V
Reference voltage, Vigf . . . . oo o +25V
Peak digital input current, [j . ... .. . e 10 A
Operating free-air temperature range: AD7524A ... ... ... ... ... ... ...... -25°C to 85°C

AD7524J . ... 0°C to 70°C
Storage temperature range . . . . . ...ttt —-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

2.4 Texas ‘Q’f
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AD7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

recommended operating conditions

Vpp =5V Vpp = 15V uNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vpp 4.75 5 6.25 [ 145 15 165 \2
Reference voltage, V ef +10 +10 \
High-level input voltage, V| 2.4 13.5 \4
Low-level input voltage, V|| 0.8 1.5 \2
CS setup time, tgy(CS) 40 40 ns
TS hold time, th(Cs) 0 0 ns
Data bus input setup time, tgy(D) 25 25 ns
Data bus input hold time, th(p) 10 10 ns
Pulse duration, WR low, ty(WR) 40 40 ns
) . AD7524A -25 85 | -25 85
Operating free-air temperature, Ta °C
AD7524J 0 70 0 70
electrical characteristics over recommended operating free-air temperature range, Vyef = 10V, OUT1
and OUT2 at GND (unless otherwise noted)
Vpp =5V Vpp = 15V
T ITIONS UNIT
PARAMETER TEST CONDITION MIN TYP MAX MIN TYP MAX
High-level input Full range 10 10
[ Vi =V A
H current ! bb 25°C 1 1 #
W Low-level input V-0 Full range =10 -10 A
current 25°C -1 -1
DBO-DB7 at 0, WR
B et Full range +400 +200
ouT1 and CS at 0V,
| Output leakage Viet = +10V 25°C +50 +50 oA
kg current DBO-DB7 at Vpp, Full range +400 +200
ouT2 WR and CSat0 Vv,
and e a 25°C +50 +50
Vief = 10V
DBO-DB7 at V i Full 2 2
Quiescent 0. at Vipymin ull range mA
| Supply current or ViLmax 25°C ! 2
oD Py DBO-DB7 at O V Full range 500 500
Standby rA
or Vpp 25°C 100 100
Ksvs Supplv voltage sensitivity, AVDD = 10% Full range 0.01 0.16 0.005 0.04 %)%
Again/AVpp 25°C 0.002 0.08 0.001  0.02
¢,  Imput capacitance, V=0 5 5| pF
DBO-DB7, WR, CS
ouT1 — — 30 30
DBO-DB7 at 0, WR and CS at O V
¢ Output ouT2 120 120 ¢
o capacitance OouT1 J— — 120 120 P
DBO-DB7 at Vpp, WR and CS at 0 V
0uT2 30 30
Ref i ti d
eference input impedance 5 20 5 20 K
(REF to GND)

*p
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AD7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range, Vyef = 10V, OUT1
and OUT2 at GND (unless otherwise noted)

Vcc =5V [Vpp =15V
PARAMETER TEST CONDITIONS UNIT
MIN MAX | MIN MAX
Linearity error +0.2 +0.2 | %FSR
Full +1.4 +0.6
Gain error See Note 1 J” fange %FSR
25°C +1 +0.5
Settling time (to 1/2 LSB) See Note 2 100 100 ns
P tion delay f digital input to 90%
ro;?aga ion delay from digital input to % | See Note 2 80 80 ns
of final analog output current
Vief = =10V (100 kHz Full range 0.5 0.5
Feedthrough at OUT1 or OUT2 sinewave), WR and CS at 0, %FSR
25°C 0.25 0.25
DBO-DB7 at O
Temperature coefficient of gain Ta = 25°C to tmjn OF tmax +0.004 +0.001 |%FSR/°C

NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vief — 1 LSB.

2. OUT1 load = 100 @, Cext = 13 pF, WRat 0 V, CS at 0 V, DBO-DB7 at 0 V to Vpp or Vpp to O V.

PRINCIPLES OF OPERATION

The AD7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches,
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines,
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally
weighted current sources. Most applications only require the addition of an external operational amplifier
and a voltage reference.

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire
reference current, Iref, is switched to OUT2. The current source 1/256 represents the constant current
flowing through the termination resistor of the R-2R ladder, while the current source ljkg represents leakage
currents to the substrate. The capacitances appearing at OUT1 and OUT2 are dependent upon the digital
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2
and the on-state switch capacitance (120 pF maximum) appears at OUT 1. With all digital inputs low, the
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to
Figure 1; however, in this case, Iref would be switched to OUT1.

Interfacing the AD7524 D/A converter to a microprocessor is accomplished via the data bus and the CS
and WR control signals. When CS and WR are both low, the AD7524 analog output responds to the data
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs
are disabled regardless of the state of the WR signal.

The AD7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

EXAS "%
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AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

PRINCIPLES OF OPERATION

[ Frs
3R
I‘ ouT1
b ?T I w
Iret —»
REF — MW 4 4 L 2 ouT2
11256 l likg é? _T—I 120 pF 2

FIGURE 1. AD7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW

Vret VDD

Ra = 2kQ
(See Note 3)

DBO-DB7| E ouT1

Re

—L C (See Note 4)
L—OUTPUT

Data Sheets

3 a9
D v
[e]
C
—
N

FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

Viet VDD
20 k

A

B
RA = 2 kO ,2'

Rg 20 kO
(See Note 3) 7§

[ 1 ¢
ReB (See Note 4) OUTPUT
DBO-DB7 10 kQ
ouT1 A

ouT2 + 5 ko

GND / =

3l g

FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION)

NOTES: 3. Ra and Rg used only if gain adjustment is required.
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation.

xas WP
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AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

PRINCIPLES OF OPERATION

Table 1. Unipolar Binary Code Table 2. Bipolar (Offset Binary) Code
DIGITAL INPUT DIGITAL INPUT
(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) ANALOG OUTPUT
MSB  LSB MSB  LSB
11111111 ~Vyef (255/256) 11111111 Vref (127/128)
10000001 ~Vyef (129/256) 10000001 Vref (1/128)
10000000 ~Vief (128/256) = -V gf/2 10000000 0
01111111 —Vref (127/256) 01111111 = Vief (1/128)
00000001 = Vyef (1/256) 00000001 —Vref (127/128)
00000000 0 00000000 ~Vryef
NOTES: 5. LSB = 1/256 (Vygf.

6. LSB = 1/128 (Vgf).

O
= .
5’ microprocessor interfaces
m AN
g DO-D7 DATA BUS >
(¢} 7
~
73 2-80A SNA
DBO-DB7
WR ouT1
WR AD7524
_ ouT2
cs
__ DECODE |
0RO *—»- LoGIC
RS
AN
A0-A15 ADDRESS BUS >
7
FIGURE 4. AD7524—2-80A INTERFACE
A
DO-D7 DATA BUS >
7
N
6800 N
DBO-DB7
02 . ouT1
WR AD7524
_ ouT2
DECODE
>
VMA *—» LOGIC
AN
AN
A0-A15 ADDRESS BUS >

FIGURE 5. AD7524—6800 INTERFACE

28 TExAs {if
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AD7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

microprocessor interfaces (continued)

A8-A15

8051

ALE

ADO-AD?7

ADDRESS BUS >
DECODE R
>
N LOGIC
8-BIT 2
LATCH
N p—
[
ouT1
WR AD7524
> ouT2
DBO-DB7
AN
ADDRESS/DATA BUS >
7

FIGURE 6. AD7524—8051 INTERFACE

TeExas ‘{’f
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D3112, JULY 1988

® Advanced LinCMOS™ Silicon-Gate N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors AGND 1
. OUTA []2
On-Chip Data Latches ReBA (13
Monotonic Over the Entire A/D Conversion REFA []a
Range DGND [ |5
. DACA/DACB |6
® Designed to be Interchangeable with Analog (MsB) 087 []7
Devices AD7528 and PMI PM-7528
DB6 [8
® Fast Control Signaling for Digital Signal DBS (]9
Processor Applications Including Interface DB4 10 2
with TMS320
FN PACKAGE 2
KEY PERFORMANCE SPECIFICATIONS (TOP VIEW) Q
Resolution 8 bits <0 Q
Linearity Error 1/2 LSB g - Z = % £
- P02 wn
Power Dissipation at Vpp = 5 V 5 mw r 0O« O
Settling Time at Vpp = 5 V 100 ns o 8
i = 1)
Propagation Delay at Vpp 5V 80 ns rera s 1BE REFB Q
L DGND [I5 170 Voo
description — —
P DACA/DACB [16 16[] WR
The AD7528 is a dual 8-bit digital-to-analog (MSB)DB7 [} 7 15(] TS
converter designed with separate on-chip data DB6 [} 8 14[] DBO(LSB)
latches and featuring excellent DAC-to-DAC 9 10
matching. Data is transferred to either of the two P a—
DAC data latches via a common 8-bit input port. aoaooa
Control input DACA/DACB determines which
DAC is to be loaded. The ‘“’load’’ cycle of the
AD7528 is similar to the “‘write’’ cycle of a random-access memory, allowing easy interface to most popular
microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during changes
in the most significant bits, where glitch impulse is typically the strongest.
The AD7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent
2- or 4-quadrant multiplying makes the AD7528 a sound choice for many microprocessor-controlled gain-
setting and signal-control applications.
The AD7528B is characterized for operation from —25°C to 85°C. The AD7528K is characterized for
operation from 0°C to 70°C.
AVAILABLE OPTIONS
SYMBOLIZATION OPERATING
DEVICE PACKAGE| TEMPERATURE
SUFFIX RANGE
AD75288B FN, N ~25°C to 85°C
AD7528K FN, N 0°C to 70°C
Advanced LiInCMOS is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated
current as of publication date. Products conform to @
specifications per tf'.’e t;rn;_s of Texas .InstJumenti 211
uction pr 0es no'
necessarily include t:s)ling of .»!‘u parameters. INSTRUMENTS
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

functional block diagram

< (14
Beo 14 REFA
03 13) prga
e (12) (4) I o
° 8
(11 OUTA
DATA% T ™/ NeuT “—atcu| 8 DAC A
inpuTs Sy o U9 1 BUFFER > A
. (9
: 8) ;
2 os7 ) " acnp
087 12
I———-——“g’ RFBB
S (20)
.g-)r — (6) 8 —— OuTB
o DACA/DACB 7—{LATCH] 8
s (16) LOGIC - B 7 DAC B
m WR — 3
(15) | CONTROL
2 Ts —
o [(18)
o
~ REFB
(2]
operating sequence
f————tsuics) ——dje—b-thics)
| 1
cs A8 |
k————tsu(DAC)————*—q-th(DAC)
! l
DACA/DACB N | /
j—twiwr—>
U A
F—‘su(D)—’Lﬂ-‘h(D)
DBO-DB7 x: DATA IN STABLE ><
T {l’
2.12 EXAS
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

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

Supply voltage, Vpp (to AGND or DGND) .. ... ... . i -03Vto 17V
Voltage between AGND and DGND . . . . ... ... . . +VDD
Input voltage, V| (to DGND) . . ... ... . .. ... . . -0.3VtoVpp+03V
Reference voltage, VigfA or ViefB (to AGND) . ... ... ... o +25V
Feedback voltage, VRFBA or VRFBB (to AGND) .. ... ... ... .. . ... .. . .. +25V
Output voltage, VOA or VOB (to AGND) .. ... ... +25V
Peak input current . . .. .. 10 wA
Operating free-air temperature range: AD7528B ... ........ ... ... ......... —25°C to 85°C
AD7528K . ... 0°C to 70°C
Storage temperature range . . .. .. ... ... —-65°C to 150°C 2
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
e condii 2
recommended operating conditions I
Vpp = 475V 10 525V | Vpp = 14.5V to 155 V -ch
MIN  NOM  MAX MIN  NOM  MAX unIT v
Reference voltage, ViefaA or ViefB +10 +10 Vv @
High-level input voltage, V|H 2.4 13.5 Y ‘a
Low-level input voltage, V) 0.8 1.5 \ Q
CS setup time, tsy(Cs) 50 50 ns
CS hold time, th(Cs) 0 0 ns
DAC select setup time, tsy(DAC) 50 50 ns
DAC select hold time, th(DAC) 10 10 ns
Data bus input setup time tgy(D) 25 25 ns
Data bus input hold time th(p) 0 0 ns
Pulse duration, WR low, ty(WR) 50 50 ns
Operating free-air temperature, Ta AD75288 -25 85 -25 85 °C
AD7528K [¢] 70 0 70
TEXAS "n'?
2-13
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

S193Yyg eleQ E

electrical characteristics over recommended operating temperature range, VyefA = VyiefB = 10 V,
VoA and VOB at 0 V (unless otherwise noted)
PARAMETER TEST CONDITIONS VoD =5V | VoD = 18V | \\p
MIN  MAX MIN  MAX
iy High-level input current V| = Vpp Full Range 10 10 rA
25°C 1 1
it Low-level input current Vi=0 Full Range ~19 —10 pA
25°C ~1 -1
Reference input impedance
(Pin 15 to GND) 8 5 8 s ke
OUTA DAC data latch loaded with Full Range +400 +200
llkg Output leakage current 00000000, Vigfp = +10V 25°C +50 +50 oA
9 ouTs DAC data latch loaded with Full Range +400 +200
00000000, Vyefg = +10 V 25°C +50 +50
Input resistance match +1% +1%
(REFA to REFB) B
DC §upply sensitivity VDD = +10% Full Range 0.04 0.02 %%
Again/AVpp 25°C 0.02 0.01
Quiescent DBO-DB7 at Vjymin or V| max 1 1
IbD Supply current Standby DBO-DB7 at 0 V or Vpp Full Range 0.5 0.5 mA
25°C 0.1 0.1
DBO-DB7 10 10
C;  Input capacitance W_Lﬁ V) = O or Vpp 15 15 pF
DACA/DACB
c Output capacitance DAC Data latches loaded with 00000000 50 50 .
°  (OUTA, OUTB) DAC Data latches loaded with 11111111 120 120 P

2-14
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range,
VrefA = ViefB = 10V, VoA and VOB at O V (unless otherwise noted)

PARAMETER TEST CONDITIONS Vpp = 5V Vop = 15V uNIT
MIN  TYP MAX | MIN TYP MAX
Linearity error +1/2 +1/2 LSB
Setting time (to 1/2 LSB) See Note 1 100 100 ns
Gain error See Note 2 Full Range x4 3 LSB
25°C +2 +2
AC feedthrough  |oerAt0 OUTA | o Note 3 Full Range 65 i Y
REFB to OUTB 25°C -70 -70
Temperature coefficient of gain 0.007 0.0035 | %FSR/°C
Propagatllon delay (from digital input to See Note 4 80 80 ns
90% of final analog output current)
Channel-to-channel | REFA to OUTB See Note 5 25°C 77 77
isolation REFB to OUTA See Note 6 25°C 77 77 a8
Measured for code transition from
Digital-to-analog glitch impulse area 00000000 to 11111111, 160 440 nVs
Ta = 25°C
Measured for code transition from
Digital crosstalk glitch impulse area 00000000 to 11111111, 30 60 nvs
Ta = 26°C
Harmonic distortion Vi =6V, f=1kHz Tp = 26°C -85 -85 dB

NOTES:

1. OUTA, OUTB load = 100 Q, Cgxt = 13 pF; WR and CS at 0 V; DBO-DB7 at O V to Vpp or Vpp to O V.

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vigf — 1 LSB.

3. Vief = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 0000000.

4. Vigfa = Vref = 10 V; OUTA/OUTBload = 100 @, Cexy = 13 pF; WR and CS at 0 V; DBO-DB7 at 0 V to Vpp or Vpp to O V.
5. Both DAC latches loaded with 11111111; Vigfa = 20 V peak-to-peak, 100-kHz sine wave; Viefg = O.

6. Both DAC latches loaded with 11111111; V,gfg = 20 V peak-to-peak, 100-kHz sine wave; Vigfp = O.

principles of operation

The AD7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of
the switch state. Most applications require only the addition of an external operational amplifier and voltage
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1.

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows
to OUTA. A small leakage current (ljkg) flows across internal junctions, and as with most semiconductor
devices, doubles every 10°C. Cq is due to the parallel combination of the NMOS switches and has a value
that depends on the number of switches connected to the output. The range of Cq is 50 pF to 120 pF
maximum. The equivalent output resistance rq varies with the input code from 0.8R to 3R where R is
the nominal value of the ladder resistor in the R-2R network.

Interfacing the AD7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB
control signals. When CS and WR are both low, the AD7528 analog output, specified by the DACA/DACB
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are
transparent and input data directly affects the analog output. When either the CS signal or WR signal
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When
CS is high, the data inputs are disabled regardless of the state of the WR signal.

The digital inputs of the AD7528 provide TTL compatibility when operated from a supply voltage of 5 V.
The AD7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input
logic levels are not TTL compatible above 5 V.

N
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

VREF A

R
f\'\&k RFBA
OUTA

AGND

DACA DATA LATCHES
AND DRIVERS

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA

RFBA
>
3 R

L—OUTA

FIGURE 2. AD7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111.

MODE SELECTION TABLE

DACA/ CS | WR | pDACA | DACB
DACB
L L L | WRITE | HOLD
H L L | HOLD | WRITE
X H X | HOLD | HOLD
X X H | HOLD | HOLD

L = lowlevel, H = highlevel, X = don't care

2-16 EXAS {?
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

The AD7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

Via)
+10V

R1 (See Note 1)

RFBA R2 (See Note 1)

(17)

v —_—— e e e e ===
DD‘14) { DBO REFA — C1 (See Note 2)
t 8 8
. . INPUT 8
I BUFFER 7] LATCH 10 - Voa
] 1Y) R
7 bB7 j X
l_ I =
DACA/ 4 (See Note 1)
l RFBB
© 'oace o
(15) ' CS CONTROL } I | C2 (See Note 2)
(16) T wr LoGic 8 8 OUTB
I <91 LATCH |41 DACB | -
5) AGND o8
DGND REFB |
= e o — e e T e
= AGND
RECOMMENDED TRIM R3 (See Note 1)
RESISTOR VALUES
Vi(B)
R1,R3 500 Q £10V
R2, R4 150 Q

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment
with digital input of 255.
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing
or oscillation.

FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

n
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

Vi(a)
£10 V

R6 (See Note 2)

—AAA

>
/::,FH (See Note 1)

R2 (See Note 1)

(17) M.
v — e ——— ——— — — o [ o—] ——— l
114)! pBo REFA IRFBA ': C1 (See Note 3) | (See RS
ouTA Note 2)
: ! . INPUT ls LATCH —/—»8 DACA R7 20 ke
ol BUFFER 7> o b
™ | os7 t ? 11 +Az
DACA/ 5 k0
) lpacs
1151 8 CONTROL K l
116) ' wr LOGIC 8 8 outs (See Note 2)
7% LATCH L##{ pace R9
(5) A
DGND [~ 10 k0
T e R
A
/S R3 (See Note 1) (See Note 2)
R10
+10V 20 k2
Vi)
NOTES: 1.

for Voa = 0 V with code 10000000 in DACA latch. Adjust R3 for Vog = 0 V with 10000000 in DACB latch.
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10.

3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers.

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION)

Voa

Vos

R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1

TABLE 2. BIPOLAR (OFFSET BINARY) CODE

ANALOG OUTPUT

TABLE 1. UNIPOLAR BINARY CODE
DAC LATCH CONTENTS ANALOG OUTPUT DAC LATCH CONTENTS

msB  LsB? MsB  LsB?
11111111 - Vj (255/256) 11111111
10000001 ~Vj (129/256) 10000001
10000000 ~V;j (128/256) = - Vj/2 10000000
01111111 ~V; (127/256) 01111111
00000001 ~V; (1/256) 00000001
00000000 -V (0/256) = O 00000000

T11sB = (2-8)y;

Vi (127/128)
Vi (1/128)
ov
~Vj (1/128)
~V; (127/128)
~V; (128/128)

f1LsB = (27

TeExas {'f
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

microprocessor interface information

AN
AB-AT5 ADDRESS BUS >
YA 7
> DACA/DACB
o ADDRESS |
:05“1 DECODE TS
LOGIC Yo __AD7528
> WR 2
r NJoBo
WR : *
7 }DB7 -
)]
ALE[—- LATCH (V]
£
I\ N n
ADO-AD7 DATA BUS > S
7 1]
NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7528 DACB.
FIGURE 5. AD7528 — INTEL 8051 INTERFACE
N
A8-A15 ADDRESS BUS D
g .
A > DACA/DACB
ADDRESS .
VMA DECODE Cs
LOGIC AD7528
cpPu A+l . WR
6800 ¥
\_]oBo
L]
D— 2
o2 DB7
D0-D7 DATA BUS >
NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7528 DACB.
FIGURE 6. AD7528 — 6800 INTERFACE
Texas WP
2-19
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

AN
AB-A15 ADDRESS BUS ) ]
WA ’
> DACA/DACB
ADDRESS |5
IORQ DECODE CS
LOGIC AD7528
CPU > WR
2 Z80-A \. |pBO
L]
°
WE| DB7
O
Q
—~
o \
n D0-D7 DATA BUS > ]
=2
(13
(5]
'm" NOTE: A = decoded address for AD7528 DACA.
A+1 = decoded address for AD7528 DACB.
FIGURE 7. AD7528 TO Z-80A INTERFACE
programmable window detector
The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC
feedback resistors are within the limits programmed into the AD7528 data latches. Input signal range
depends on the reference and polarity, that is, the test input range is O to —Vyef. The DACA and DACB
data latches are programmed with the upper and lower test limits. A signal within the programmed limits
will drive the output high.
v \Y
TEST Tj ¢e
INPUT
(3) {17 l
0 TO ~Vyef T 31k
OUTA}(2)
4 DACA
REFA 4
Lg2{on =
DATA .
INPUTS - D§7
(7) J—
(1 PASS/FAIL
»-| 1Ol AD7528AGND et <7 ?— outrut
> (16) WR
» O 5acamace ouTE
e OU (20)
(18) | REFB
+Vref DACB 2
Soenp
! RFBB
(19)
FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER)
TEXAS "\’i
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AD7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

digitally controlled signal attenuator

Figure 9 shows the AD7528 configured as a two-channel programmable attenuator. Applications include
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation fora0Oto 15.5 dB

Data Sheets E

range.
Attenuation db = —20 log1g D/256, D = digital ilnput code
(17) (3)
Vpp ————
I RFBA| 5)
o ouTA
e DACA A1 b—OUTPUT
pBo {14
o (o
AD7528 on7
s (15)
WR (16)
(20)|ouTB DACA/DACE HE)
DACB (18)
Vos REFB
AGnDfL
V_|rees pGNDHEL
19) v

FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR

TABLE 3. ATTENUATION vs DACA, DACB CODE

ATTN(dB) DAC INPUT CODE CODE IN ATTN(dB) DAC INPUT CODE CODE IN

DECIMAL DECIMAL
0. 1111111 255 8.0 01100110 102
0.5 11110010 242 8.5 01100000 96
1.0 11100100 228 9.0 01011011 91
1.5 11010111 215 9.5 01010110 86
2.0 11001011 203 10.0 01010001 81
2.5 11000000 192 10.5 01001100 76
3.0 10110101 181 11.0 01001000 72
3.5 10101011 171 11.6 01000100 68
4.0 10100010 162 12.0 01000000 64
4.5 10011000 152 12.5 00111101 61
5.0 10010000 144 13.0 00111001 57
5.5 10001000 136 13.5 00110110 54
6.0 10000000 128 14.0 00110011 51
6.5 01111001 121 14.5 00110000 48
7.0 01110010 114 15.0 00101110 46
7.5 01101100 108 15.5 00101011 43

Texas {" 221
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AD7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

programmable state-variable filter

TYPICAL APPLICATION DATA

This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band-
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required.

As shown in Figure 10, DACA1 and DACB1 control the gain and Q of the filter while DACA2 and DACB2
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for
the cutoff-frequency equation to be true. With the AD7528, this is easily achieved.

‘f ...__l._~
¢~ 2nR1C1

The programmable range for the cutoff or center frequency is O to 15 kHz with a Q ranging from 0.3 to

O 4.5. This defines the limits of the component values.
2
o c3
f# 47 oF
(1] v (4)|REFA N OUTA|(2) _R5
DACA = v
2 unjy, Ra) A1 30 kO
@ DD S (3)
(14)|pBoO RFBAp— + R4
DATA . AN
N @) o« ap7s2s AGND){1) 3 30 ka HIGH PASS
({1 e 10ke | out
cs \ oure}(20) A2 b
(16)}—_ DACB : +
——WR (19) \ 4
(Rp) he
(5) RFBB -
T panp[ | (18) =
= o] REFB
DACA/DACB BANDPASS
out
DACA1 AND DACB1
(4)|REFA OUTA
DACA
(17) Vpp (Rq)
ara 19 bgo RFBAF—
L[]
IN (7] o AD7528 AGND 2
(15| 287 ),l
cs —— OUTBJ(20)
(e) WR DACB 9 L N LLOW PASS
1
(5) (R2) rreal 2L A4 ouT
-L———‘DGND - +
== REFB|(18) l
) = CIRCUIT EQUATIONS:
DACA/DACB Cq = C2. Ry = Ry, Rg = R
DACA2 AND DACB2 - 3 R
Rg Rfb(DACB1)
RE
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. Ao = - R_S

B. C3 compensates for the op-amp gain-bandwidth limitations.
256 x (DAC ladder resistance)
DAC digital code

C. DAC equivalent resistance equals

FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER

Uy
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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-ps Conversion Time cs [+ U20] vee (0R REF)
. RD []2 19[] CLK OUT
135-ns Access Time Wr O3 18] DBO (LsB)
Guaranteed Monotonicity CLK IN [Ja 17[] DB
i INTR []s 16] ] DB2
High Referen(:.e Ladder Impedance N+ s 15[] DB3 DATA
.. . 8 kQ Typical N- []7 14[] B4 OUTPUTS
® No Zero Adjust Requirement ANLG GND []e  13[] DB5
. REF/2 (o 12[] DB6 2
¢ On-Chip Clock Generator pGTL 6ND 10 1] DB7 (MsB)
® Single 5-V Power Supply n
® Operates with Microprocessor or as ‘q';
Stand-Alone (]
L
® Designed to be Interchangeable with N
National Semiconductor and Signetics ©
ADC0803 and ADC0805 E
(a]
description
The ADC0803 and ADC0805 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 |/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 V¢ 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 ADCO803I and ADCO805I are characterized for operation from —40°C to 85°C. The ADC0O803C
and ADCO805C are characterized for operation from 0°C to 70°C.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
currg?t a‘s. of puhlil;la‘tiotn date. fPl:rtnlm:tsl cntnfnrm :o T ¢
specifications per the terms of lexas Instruments
fand . i ing does not EXAS 2-23

d wanan(J

. Prod
necessarily include testing of all parameters.
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ADC0803, ADC0805

8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)

) (2)
— “START"
cs FLIP-FLOP I
— s 1D
WR (3) A
CLK A
R cLk4c1
2 CLK (19)
out
L-cLk A
O ok cLk [ eik
o GEN[-cLK B
- DGTL {10) 0sc :
o GND - —
7 - CLK B
(20) —
=3 Vee < < o) o
@ -
o $ < < |
8 :: < < ——
©) LADDER | o < sar . 8BIT
REF/2 anp | | Laten SHIFT INTERRUPT
DECODER[ ¢ <4 REGISTER
< < ¢ FLIP-FLOP
< < < o ki
< <+ < R
LE a
ANLG (8) L
GND BAc [l frveer
Vee 1D
=\ |come CLK A C1 -q s
(6) -
IN+ ——@ ’
(7) )
IN-
LE EN
18) pBo (Lse)
——) DB1
19) g,
3.sTATE |(15) DB3
OUTPUT [(14)
LATCH (73-)934
DBS
(12) DB6
00 5e7 (vse)
xas WP
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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)
Input voltage range:ﬁ, ﬁ, WR

Other inputs
Output voltage range . . . .. ..
Operating free-air temperature range: ADCO80 _1

Storage temperature range . . .. ... ... u it e e e
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds

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

otherwise noted.

ADCOBO_C..... ... ... .. ...,

recommended operating conditions

-0.3Vtoi18V
-0.3VtoVcc +0.3V
-0.3VtoVge +0.3V
—40°C to 85°C

6.5V

0°C to 70°C

-65°C to 1560°C
260°C

N

Data Sheets

MIN NOMmM MAX UNIT
Supply voltage, Vcc 4.5 5 6.3 \%
Analog input voltage (see Note 2) -0.05 Vee +0.05 \
Voltage at REF/2 (see Note 3), VRgfF/2 0.25 2.5 \
High-level input voltage at CS, RD, or WR, V|y 2 15 V
Low-level input voltage at CS, RD, or WR, V) 0.8 \%
Analog ground voltage {see Note 4) -0.05 (¢ 1 v
Clock input frequency (see Note 5), fciock 100 640 1460 kHz
Duty cycle for fgjgck above 640 kHz (see Note 5) 40% 60%
Pulse duration, clock input thigh or low) for f¢jock below 640 kHz, t,(CLK) 275 781 ns
Pulse duration, WR input low, tw(WR) 100 ns
Operating free-air temperature, Tp ADCOBO ! —40 85 °C
ADCO080_C 0 70

NOTES: 2. When the differential input voltage (V| — 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. VRgfg/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.

6. 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 fciock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided ty(CLK)
remains within fimits.

TeEXAs *? ' 2-25
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ADCO0803, ADC0805

8-BIT ANALOG-TO-DIGITAL CONVERTERS

WITH DIFFERENTIAL INPUTS

electrical characteristics over recommended operating free-air temperature range, Vcc = 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 pA 2.4 v
OH —
output voltage DB and INTR Vee = 475V, log = —10 A 4.5
Low-level Data outputs Vee = 4.75 V, loL = 1.6 mA 0.4
VoL output INTR output Vee = 4.75 V, loL = 1TmA 0.4 \
voltage CLK ouT Vee = 4.75 V, loL = 360 uA 0.4
Clock positive-goi
VT 4+ ck positive-going 2.7 3.1 3.5 v
threshold voltage
lock tive-goi
vr_ Clock negative-going 15 18 21 v
threshold voltage
VT 4+ = VT~ Clock input hysteresis 0.6 1.3 2 \%
IIH High-level input current 0.005 1 pA
TN Low-level input current —-0.005 -1 #A
| Off-state output t Vo =0 21 A
-state output curren
0z P Vo =5V 3] "
| Short-current Output high Vo =0 Tp = 25°C 45 6 mA
utput hi =0, = 4, -
OHS output current P 9 0 A
Short-circuit
I Output | Vg =5V, Ta = 25°C 9 16 mA
oLs output current utput fow 0 A
Supply current plus VREF/2 = open, Ta = 25°C,
| R 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 e Note
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 Vce =45Vtob55YV, See Note 7 +1/16 +1/8 LSB
+1/4
Total adjusted error ADCO0803 | With full-scale adjust, See Notes 7 and 8 12 LSB
. VREF/2 = 2.5V, See Notes 7 and 8 +1/2
Total unadjusted error | ADCO805 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 = 256°C, CL = 100 pF 135 200 ns
tdis Output disable time Ta = 26°C, CL = 10 pF, RL = 10 kQ 125 200 ns
td(INTR) Delay time to reset INTR Ta = 25°C 300 450 ns
R . felock = 100 kHz to 1.46 MHz, clock
t C le t 66 73
conv onversion cycle time Tp = 25°C, See Note 9 cycles
CR Free-running conversion rate TNTR connected to WR, CSatoOV 8770 | conv/s

TANl 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.

2-26
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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

PARAMETER MEASUREMENT INFORMATION

| |
_ | |
RD
| 50% 50%
! |
|

anTRI—e—

[ | 1
INTR 50% | 50%
|

S L -
7‘9 % q

50%
DATA |

OUTPUTS
we . S

READ OPERATION TIMING DIAGRAM

=\ /

WR 50% 50%
| |

td(INTR) e |

| ¢ 1708 64
CLOCK PERIODS I

CLOCK PERIODS
k——'w(wm———»f
|
|

|
__ ' [
INTR 50% |
je tCONY

WRITE OPERATION TIMING DIAGRAM

o
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ADCO0803, ADC0805
8-BIT ANALOG-TO-DIGITAL CONVERTERS
WITH DIFFERENTIAL INPUTS

sjaayg eleq m

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+ — Vin-) 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 pulse, 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.

2-28
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ADC08041, 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
- s [ U20[] vee (0RREFR)
® 100-us Conversion Time =2
00-s Convers b 2 190 ck out
® 135-ns Access Time WR 3  18[] DBO (LSB)
. . clk N [Ja 7] pB1
) —
No Zero Adjust Requirement NTR (15 16:] DB2
® On-Chip Clock Generator IN+ (6  15[] DB3 DATA
. IN- [7  14[] DB4 OUTPUTS
° -
Single 5-V Power Supply ANLG GND []8 13(] DBS
® Operates with Microprocessor or as REF/2 []o 12[ ] DB6
Stand-Alone DGTL GND [J10  11[] DB7 (MSB)

® Designed to be Interchangeable with
National Semiconductor and Signetics
ADC0804

description

The ADC0O804 is a CMOS 8-bit successive-approximation analog-to-digital converter that uses a modified
potentiometric (256R) ladder. The ADC0O804 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 |/O port. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

Data Sheets M

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 ADC0804 can operate with an external clock signal or, with an additional
resistor and capacitor, can operate using an on-chip clock generator.

The ADCO0804I is characterized for operation from —40°C to 85°C. The ADC0804C is 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 b

specifications per the terms of Texas Instruments
tandard warranty. Product p ing does not EXAS 2-29
necessarily inclucre testing of all parameters. INSTRUM ENTS
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ADCO08041, ADC0804C
8-BIT ANALOG-TO-DIGITAL CONVERTER
WITH DIFFERENTIAL INPUTS

functional block diagram (positive logic)

75 2

“START"
Pyl FLIP-FLOP l

S

WR 3
(9

CLK OUT
R CLK—H C1

CLKIN

DGTL (10
GND
Z - CLKB
@0 _4_L‘> -
Ve o
P |e—
V] e
LaDDER | Dl sBIT
-+ REF/2 ) AND SAR SHIFT
o < LaTeH | ¢ recisTer “INTERRUPT"
i ) FLIP-FLOP
m < - L —] — R
g < < e 1 Rl—<—9
R
2 ANLG (8) )| —
GND DAC - £l
7 - INTR
r S Y N —d s
e ©
e
3STATE
OuTPUT oe3
LATCH b4
DBS

{i’
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ADC0804I, ADC0804C
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,BD, WR ..ottt -0.3Vto 18V
other inputs . . .. ... .. -0.3VtoVcc+ 0.3V

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

Storage temperature range . .. .. ..o ot vttt —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

N

MIN NOM MAX UNIT
Supply voltage, Vcc 4.5 5 6.3 Vv
Voltage at REF/2, VRgF/2 (see Note 2) 0.25 2.5 \
High-level input voltage at CS, RD, or WR, V| 2 15 Vv
Low-level input voltage at CS, RD, or WR, VL 0.8 \%
Analog ground voltage (see Note 3) —-0.05 0 1 A"
Analog input voltage (see Note 4) -0.05 Ve +0.05 \
Clock input frequency, fclock (see Note 5) 100 640 1460 kHz
Duty cycle for fojock = 640 kHz (see Note 5) 40 60 %
Pulse duration clock input (high or low) for fjock < 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, Ta :gggggfc _42 32 °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 O to 5 V. VREF/2 for an input voitage 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 (V|N 4+ — Vjn -) is less than or equal to O V, the output code is 0000 0000.

oA w

within limits.

. 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 fc|ock greater than 640 kHz. Below 640 kHz, this duty cycle limit can be exceeded provided ty (CLK) remains
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ADC0804l, ADC0804AC

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
. All outputs Vee = 475V, oy = —360 pA 2.4
V High-level output volt e \
OH \gn-Iever outpUt VOTtat® | pg and INTR [ Voe = 4.75 V, lon = —104A | 45
Data outputs | Vcc = 4.75V, lgL = 1.6 mA 0.4
VoL Low-level output voltage INTR output | Vcc = 4.75V, IlgL = 1 mA 0.4 v
CLK OUT Vee = 475V, lgL = 360 4A 0.4
ook s
VT Clock positive-going 27 31 35 v
threshold voltage
v Clock negative-going 1.5 18 2.1 v
threshold voltage
VT 4+ — V1 _ Clock input hysteresis 0.6 1.3 2 \
IIH High-level input current 0.005 1 rA
L Low-level input current —0.005 -1 rA
Vo =0 -3
loz Off-state output current Vg ey 3 A
IOHS Short-circuit output current| Output high | Vo = 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, CSatb5V,
Icc Supply current plus reference current P 1.9 2.5 mA
Ta = 26°C
RREF/2 Input resistance to reference ladder See Note 6 1 1.3 kQ
C; Input capacitance {(control) 5 7.5 pF
Co Output capacitance (DB) 5 7.5 pF

operating characteristics over recommended operating free-air temperature
VREF/2 = 2.5 V, fclock = 640 kHz (unless otherwise noted)

range, VCC =5V,

CSatoV

PARAMETER TEST CONDITIONS MiIN Typt MAX UNIT
Supply-voltage-variation error
\ =45Vto55V +1/16 +1/8 LSB
(See Notes 2 and 7) cc ° !
Total unadjusted error
\ =25V +1 LsSB
(See Notes 7 and 8) REF/2
DC common-mode error £1/16 +1/8 LSB
(See Note 8) -
ten Output enable time C = 100 pF 135 200 ns
tdis Output disable time CL = 10 pF, R = 10 kQ 125 200 ns
t4(INTR) Delay time to reset INTR 300 450 ns
lock
Conversion cycle time (See Note 9] | fgjock = 100 kHz to 1.46 MHz 65% 72w | ©°°
teonv cycles
Conversion time 103 114 us
INTR ted to WR,
CR Free-running conversion rate connected to 8827 conv/s

TAN 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 Vo 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 0 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.

0w~

. 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.
. 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 completed, part of another clock period is required before a high-to-low

transition of INTR completes the cycle.
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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

sjeays eieqg H

PRINCIPLES OF OPERATION

The ADCO0804 contains a circuit equivalent to a 256-resistor network. Analog switches are sequenced
by successive approximation logic to match an analog differential input voltage (Vihn+ — Vin-) 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 ADC0804 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 (&3
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.
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ADCO0808, 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
ADC0809 (TOP VIEW)
. . 3]s Uzg[] 2
® Resolution of 8 Bits S 1}INPUTS
® 100 us Conversion Time INPUTS € 5[]3s  26[] 0
6] 25[] A
® Ratiometric Conversion 70s 240 B} ADDRESS
® Monotonicity Over the Entire A/D sTART[]s  23[1 C
Conversion Range eocll? 221 ALe
2-5[]s 21[J2-1 (MSB)
® No Missing Codes OE[Jo  20[]2-2 .
cLk o 19f]2-3 2
® Easy Interface with Microprocessors vecn 18] 2—;
® Latched 3-State Outputs RZT\,B E:; :;% ;EF _(LSB) 14
® Latched Address Inputs 2-7[Qs1s[]2- g
e Single 5-V Supply o eacKAGE 3
® Low Power Consumption (TOP VIEW) ©
O W mN—O -
® Designed to be Interchangeable with FE bbb ©
National Semiconductor ADC0808, § g ; g § g ; o
ADC0809 oroToorTrD
4 3 21 282726
INPUT 7[] 5 25(]A
description START[16 24(] B} ADDRESS
The ADC0808 and ADCO809 are monolithic soche ’;’ZE o
CMOS devices with an 8-channel multiplexer, an oefe 2f2-1 vse)
8-bit anaiog-to-digital (A/D) converter, and cLk 1o 20(]2-2
microprocessor-compatible control logic. The Vec 19[]2-3
8-channel multiplexer can be controlled by a 121314 15 16 17 18
microprocessor through a 3-bit address decoder TS
with address load to select any one of eight LELLE9L
single-ended analog switches connected directly « C 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 multipiexer 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 ADCO0808 and ADCO809 are characterized for operation from —40°C to 85°C.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
current as of publication date. Products conform to 1}
specifications per the terms of Texas Instruments {'
standard warranty. Production processing does not 2-35
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)
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MULTIPLEXER FUNCTION TABLE

INPUTS SELECTED
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L L L t o
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H H H t 7

=

= high level, L = low level
= low-to-high transition
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ADCO0808, ADC0809

CMOS ANALOG-TO-DIGITAL CONVERTERS

WITH 8-CHANNEL MULTIPLEXERS

operating sequence
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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, V¢ (see Note 1)
Input voltage range: control inputs
all other inputs
Operating free-air temperature range
Storage temperature range

.......... 6.5V
-0.3to 15V

-0.3VtoVce + 0.3V

.. —40°Cto 85°C

.. —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: All voltage values are with respect to network ground terminal.
recommended operating conditions
MIN NOM MAX UNIT

lw) Supply voltage, Ve 4.5 5 6 \Y
2 Positive reference voltage, Vief + (see Note 2) Vee Vee+0.1 \%
Q Negative reference voltage, Vyef — 0 -0.1 \4
7 Differential reference voltage, Vigf + — Vief— 5 \
-5 High-level input voltage, Viy Vee-1.5 \2
(13 Low-level input voltage, Vi 1.5 \
2 Operating free-air temperature, TA -40 85 °C
(7]

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

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

to 5.25 V (unless otherwise noted)

total device

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VOH High-level output voltage lp = —360 A Vee-0.4 v
Data outputs lp = 1.6 mA 0.45
V Low-level output volt. \
oL owrlevel output voltage End of conversion o = 1.2 mA 0.45
Off-state (high-impedance-state) Vo = Vce 3
loz A
output current Vo = 0 -3
Iy Control input current at maximum input voltage Vi =15V 1 nA
L Low-level control input current Vi =0 -1 A
Icc Supply current felock = 640 kHz 0.3 3 mA
Ci 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 mulitiplexer
PARAMETER TEST CONDITIONS L MIN TYPT  MAX | uNIT
Vi =V =
lon Channel on-state current (see Note 3) ! cc, felock = 640 kHz 2 HA
V=01V, fclock = 640 kHz -2
Vee =5V, [ V=56V 10 200 nA
TA =26°C | V=0 -10 -200
loff Channel off-state current A VI 5V 1
| =
Vee =5V A
cC V-0 3 w

TTypical values are at Vece = 5Vand 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.
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
felock Clock frequency 10 640 1280 kHz
teonv Conversion time See Note 4 90 100 116 us
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
tg Delay time, EOC See Notes 4 and 5 (0] 14.5 us

operating characteristics, TA = 25°C, VeC = Vref+ = 5V, Vyef— = 0V, fclock = 640 kHz (unless
otherwise noted)
ADCO0808 ADC0809
PARAMETER TEST CONDITIONS T UNIT
MIN TYPY MAX | MIN TYP MAX
S | Itage Vi =V =475V 10525V,
kgyg  PPly voltag CC = 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 +0.26 *0.5 +0.5
Total unadjusted A
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

TTypical values for all except supply voltage sensitivity are at Vcc = 5V, and all are at T = 25°C.
. Refer to the operating sequence diagram.

NOTES: 4

5.
6.

7.

For clock frequencies other than 640 kHz, tq(eQC) maximum is 8 clock periods plus 2 us.
Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage

varies. The supply and Vi ef 4 are varied together and the change in accuracy is measured with respect to full-scale.

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

. 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.
. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error.

hie

EXAS
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

2-39

Data Sheets M



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

PRINCIPLES OF OPERATION

The ADCO0808 and ADCO809 each consists of an analog signal multiplexer, an 8-bit successive-
approximation converter, and related control and output circuitry.

multiplexer

N

O
o
~*
o
2}
=2
®
]
[od
(7

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
OouTPUT
LATCHES

128 64 32 16

NODE 128 t‘nen tEEF» ﬁem ﬁsn t:iEF* tzsm tﬁen pREFs
% % %l oal oa] bl roal Rl 07

REF— REF— REF— REF— REF— REF— REF— REF— REF-
ST ST

i Uy (s Oy O |

FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM
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ADCO808M

CMOS ANALOG-TO-DIGITAL CONVERTER

WITH 8-CHANNEL MULTIPLEXER

D2642, NOVEMBER 1386 —REVISED MAY 1988

® Total Unadjusted Error . . . £0.75 LSB Max J
DUAL-IN-LINE PACKAGE
® Resolution of 8 Bits (TOP VIEW)
® 100 ps Conversion Time 3 Uazg[] 2
® Ratiometric Conversion 402 2201 >INPUTS
INPUTS < 53 26[] 0
® Monotonous Over the Entire A/D Conversion 6]« 28JA
Range 7[0s 24[]1B > ADDRESS
® No Missing Codes sTarT(e 23] C
—— eocl? 22[]ALE
® Easy Interface with Microprocessors 2-5[1s 21[]2-1 (MSB) 2
@ Latched 3-State Outputs OEN[Js 20722
CLK 1o  19f32-3
® Latched Address Inputs veeOn 1800 2-4 »
- -’
® Single 5-Volt supply REF + E 12 17 :] 2-8 (LSB) Q
GND[]13 18] REF - [}
® Low Power Consumption 2-7(ha  15[]2-6 5)
® Designed to be Interchangeable with ©
National Semiconductor ADC0808CJ FK PACKAGE -
(TOP VIEW) (4}
T OO MAN—~O n
description PEEEELE
The ADCO808M is a monolithic CMOS device aogaacaoaa
. . ] z2zzzz22
with an 8-channel multiplexer, an 8-bit analog- === = = = —
. A /S OoOooooog
to-digital (A/D) converter, and microprocessor- 4 3 2 1 282726
compatible control logic. The 8-channel INPUT 7] 5 25 A
multiplexer can be controlled by a micro- START[]6 24(]8 > ADDRESS
processor through a 3-bit address decoder with Eocp]? 23[c,
address load to select any one of eight single- 2-5[]8 22[J ALE
ended analog switches connected directly to the OE[P 9 21[J2-1 (mMsB)
comparator. The 8-bit A/D converter uses the ckl1o 20(}2-2
successive-approximation conversion technigue Vec P 19[2-3
featuring a high-impedance threshold detector, 121314 1516 17 18
. . mianiminisisisl
a switched capacitor array, a sample-and-hold, T o~o© | =<
and a successive-approximation register (SAR). & 5 Ll 2) |
Detailed information on interfacing to most g~ NYe g o
popular microprocessors is readily available from |
the factory. o~
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-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 . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to y }
e ot ot e EXAS 241
:oe:mrﬂy inclu o testing of apll parnm:turs. ler RUMEN1S
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ADC0808M

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

functional block diagram (positive logic)
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77—
Py
w
cLockK o 4
START CONVERSION (START) ©
OUTPUT ENABLE (0E) 2!
(25)
ADDRESS A(Z—A)"
ADDRESS B1o— ADDRESS
ADDRESS C =5 DECODER
ADDRESS LOAD -=~4>
ENABLE (ALE)
MULTIPLEXER FUNCTION TABLE
INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C B A STROBE | CHANNEL
L L L 1 0
L L H 1 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
H = high level, L = fow level
1 = low-to-high transition
T {l’
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ADC0808M
CMOS ANALOG-TO-DIGITAL CONVERTER
WITH 8-CHANNEL MULTIPLEXER

operating sequence
l-m-l
CLOCK l l | I I I , | | | I I l l I | l l l l | l

START . /—\
CONVERSION 50%f 0%
S
ADDRESS LOAD o a u
ENABLE S0%F 0%
———"———tw(ALC) !
F—+ ADDRESS STABLE
ADDRESS 50‘%&50%} 2
toutfeefHth |
ANALOG INPUT x ! | ANALOG VALUE ’ X l
l-—li——t-— INPUT STABLE ———— of g
|
MULTIPLEX OUTPUT T T £
ANALOG VALUE
(INTERNAL) : ><; £ >< 2]
| | @
END OF T \ 50% Fso% -
CONVERSION : ! b X o
f—td(EOC) —=f ! o
ouTPUT o feon -
% "
ouTPuT 50% # t \ 50%
en tdi.
':1 !‘ - = tdis
LATCH OUTPUTS 0% 0%
HI-Z STATE 10% 10%
I,
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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 (see Note 1) ... ... e 6.5V
Input voltage range: control iNpuUts . ... ... .. ... ... -0.3to 15V

allotherinputs . . ........................... -0.3VtoVce + 03V
Operating free-air temperature range . .. ................ouiiiiiaaoo... -55°C to 125°C
Storage temMpPerature FANGE . . . . oo v v v vt e e 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, Vo 4.5 5 6 \Y%
Positive reference voltage, Vief 4 (see Note 2) Vee  Veg+0.1
Negative reference voltage, Vigf — 0 -0.1 \4
Differential reference voltage, Vief+ — Vief— 5 \4
High-level input voltage, Viq Vee-1.5 \
Low-level input voltage, V| 1.5 \
Start pulse duration, ty(s) 200 ns
Address load control pulse duration, ty(ALC) 200 ns
Address setup time, tg 50 ns
Address hold time, tp 50 ns
Clock frequency, fciock 10 640 1280 kHz
Operating free-air temperature, T - 55 125 °C

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

2.44 TeEXAs {'f

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



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

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

total device

PARAMETER TEST CONDITIONS MIN TYP? MAX | UNIT
VoH High-level output voltage lop = —360 A Vee-0.4 \
Data outputs g = 1.6 mA 0.45
VoL Low-level output voltage - \
End of conversion Ilg = 1.2 mA 0.45
Off-state (high-impedance-state) Vo = Vce 3
loz wA
output current Vo =0 -3
] Control input current at maximum input voltage V) =15V 1 uA
L Low-level control input current V) =0 -1 nA 2
Icc  Supply current felock = 640 kHz 0.3 3 mA
Ci Input capacitance, control inputs Ta = 25°C 10 pF 17
Co Output capacitance, data outputs Ta = 25°C 10 pF -
Resistance from pin 12 to pin 16 1000 kQ g
L
analog multiplexer [72]
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT S
lon Channel on-state current (see Note 3) Vi = Vee fologk = 640 kHz 2 »A 8
V) =0, felock = 640 kHz -2
Vee =5V, V| =5V 10 200 oA
loff Channel off-state current T = 287C z: i (; V] — _20?
Ve =5V Vi =0 = rA

T Typical values are at Voc = 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.
timing characteristics, VCC = Vref+ = BV, Vyef— = 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
tsy 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.
6. For clock frequencies other than 640 kHz, tcony is 57 clock cycles minimum and 74 clock cycles maximum.
6. For clock frequencies other than 640 kHz, t4(eQC) maximum is 8 clock cycles plus 2 ps.

Texas W
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ADC0808M

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

operating characteristics, TA = 25°C, VcC = Vrief+ = 5V, Vyef— = 0V, fclock = 640 kHz (unless

otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
. Vee = Vief+ = 45Vt 55V,
k. Supply voltage sensitivit +0.05 %IV
SvS upPly voltag ity Ta = —55°C to 125°C, See Note 7 o

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

Ta = 25°C +0.2 +0.5
Total unadjusted error (see Note 10) A 5 LSB

Ta = —-55°C to 125°C +0.75

T Typical values for all except supply voltage sensitivity are at Vee = 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 4+ 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. Zeroerror 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.

O
L
~+
o
(2]
=2
o
®
~
(7

PARAMETER MEASUREMENT INFORMATION

vVece
TEST
POINT 5 ki
OUTPUT
P4
100 pF CL ;; 11.7 kQ
FIGURE 1. TEST CIRCUIT
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ADC0808M
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 V¢ 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

T0
ouUTPUT
LATCHES

NODE 128 t.REF+ t.REF+ tﬁEH tzsn t:zsm tzen tzzsn t:sn
3, %) roal 4l Rl oh) el el 0%

REF— REF— REF— REF— REF— REF— REF—~ REF— REF—
ST ST ST ST

AT TTT T TS

FIGURE 2. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM

N

Data Sheets
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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 cs [+ Us] vee
N+ Q2 7] cLK
IN-[]3 &[] DO

GND[da  s{]ReF

® Operates Ratiometrically or with 5-V
Reference

® Single Channel or Multiplexed Twin

Channels with Single-Ended or Differential ADCO832 . . . P DUAL-IN-LINE PACKAGE
Input Options (TOP VIEW)
® Input Range O to 5 V with Single 5-V cs ' UslJ veerrer
Supply cHo[J2z 70 ck 2
® Inputs and Outputs are Compatible with cH1 (3 6[] DO
TTL and MOS GND [J4 s[] Dl &
® Conversion Time of 32 us at 8
CLK = 250 kHz é:,
® Designed to be Interchangeable with
National Semiconductor ADC0831 and S
ADC0832 ©
(a]
DEVICE TOTAL UNADJUSTED ERROR
A-SUFFIX B-SUFFIX
ADCO0831 +1LSB +% LSB
ADCO0832 +1LSB +% LSB
description
These devices are 8-bit successive-approximation analog-to-digital converters. The ADCO831A and
ADCO0831B have single input channels; the ADC0O832A and ADCO0832B 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 ADCO832 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 ADC0834/ADC0838 data sheet.
The ADC0O831AIl, ADC0831BI, ADCO832Al, and ADC0O8328B| are characterized for operation from —40°C
to 85°C. The ADCO831AC, ADC0831BC, ADC0O832AC, and ADCO832BC 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_lnstdr::;ezg TEXAS 2.49
necessariﬁa;m%; testing of all parameters. l NSTRU MENTS
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ADC0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

functional block diagram

START
FLIP-FLOP
cLK
cs cLK
SHIFT_REGISTER
—— ODD/EVEN
T oI D s
| R
| (Agﬁgs)az D b CLK START
Lo 4 ]’ -04—4
: »-
>
2 TO INTERNAL
CIRCUITS o CLK
o SINGLE/DIFFERENTIAL I >_
s
Q TIME R
E; DELAY
CHO/N - ANALOG | comPARATOR «
v CH1/IN mux 4
= cs
o EN
(5]
[od 4
»
v cs cs cs
| | | &
EN R R
EN b cLk b el
LADDER J A ng?c ———N] ser |eoc )
REF AND BITS 0-7 BITS 0-7 SHIFT
DECODER \1—— L::‘(D:H \r‘—‘ﬂ/ REGISTER o
—  |BiT 1
msB
LsB
FIRST| ¥
ONE Y FIRST
SHOT
.
(]
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ADCO0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

sequence of operation

ADCO0831
MMUM L
L P
} Je- tconv =.l | (r——
= p L |
p L I,
mux b1 e mspRRSTOATA—— 3] |
SETTLING—d] je—| i 2
™ 7~ HI-Z
DATA 1-Z -
msB LsB
OUT (DO) I
/a fa
7 6 5 4 3 2 1 ) -
[+}]
(V]
ADCO0832 £
(7]
1 2 3 a 5 6 ees 10 11 12 13 14 eee 18 19 20 21 ©
CLK -
mmm 2
' et ! . N | (=]
- k-t = || conv 'i |
= |1 | |
o Ll . | L |
4 1/
|1 | ]
START +sion | I I |
BIT SGL O0DD | » | |
/ 5
IN (DI) /// /)
- DIF EVEN [
FIRST DATA
MUX | I MSB-FIRST D ——’L———-LSB FIRST DATA-—————-D‘
SETTLING
DATA TIME -.! * 7 7 HI-Z
mss LSB msB
OUT (DO) 1 1 P l
7 6 eee 2 1 [ 1 2 ses 6 7
ADCO0832 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
TExas ‘U 251
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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, VCC (see Note 1) . .ottt e 6.5V
Input voltage range: Logic ... .. e -0.3Vto 15V
Analog. ... ... -0.3VitoVcc+03V
INPUL CUMTENT . . . o +5 mA
Total input current for package . . .. ... ... +20 mA
Operating free-air temperature range: l-suffix............ .. ... .. .......... —40°C to 85°C
C-suffix ... . .. 0°C to 70°C
Storage temperature range . . .. .. ... -65°C to 150°C
2 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.
‘U recommended operating conditions
'ﬂ_” MIN NOM MAX UNIT
Q Vee Supply voltage | 4.5 5 6.3 \%
VIH High-level input voltage 2 \"
[72] -
- ViL Low-level input voltage 0.8 \2
@ felock Clock frequency 10 400 | kHz
2 Clock duty cycle (see Note 2) 40 60 %
» twH(CS) _Pulse duration, CS high 220 ns
tsu Setup time, CS low or ADCO832 data valid before clock? 350 ns
th Hold time, ADC0832 data valid after clock? 90 ns
I-suffi -40 85
TA Operating free-air temperature C?:uflf’i(x 5 70 °Cc
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 us.
electrical characteristics over recommended range of operating free-air temperature, Vgc = 5 V,
fclock = 250 kHz (unless otherwise noted)
digital section
| SUFFIX C SUFFIX
PARAMETER TEST CONDITIONS T UNIT
MIN TYP} MAX | MIN TYP} MAX
v High-level output Vee = 475V, loy = —360 A 2.4 2.8 v
OH voltage Vec = 475V, oy = —10 kA 4.5 4.6
Low-level output
Vi V =475V, | = 1.6 mA 0.4 0.34 \Y
oL voltage cC oL m
High-level input
| VIH =5V 0.005 1 0.005 1 A
IH current H ¥
Low-level input
I ow-level inpu viL =0 ~0.005 -1 ~0005 -1 A
current
High-level output
| V, = Vo. Ta = 26°C -6.5 -14 -65 -14 A
OH (source) current OH 0 A m
Low-level output
| V = Vce Ta = 25°C 8 16 8 16 A
oL (sink) current oL cc A ™
ioh-imoed .
High-impedance Vo =5V, Ta = 25°C 0.01 3 0.01 3
loz state output A
current (DO) Vo =0, Ta = 26°C -0.01 -3 -0.01 -3
[ Input capacitance 5 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 = 5V, Tp = 25°C.
i
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

electrical characteristics over recommended range of operating free-air temperature, VcCc = 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 \
Vce +0.05
. On-channel V| = 5V at on-channel, 1
Standby input
\ urrent Off-channel V| = 0 at off-channel -1 A
curr
l(stdby) On-channel V| = 0 at on-channel, -1 s
(see Note 4)
Off-channel V| = 5V at off-channel 1
Ti(REF) Input resistance to reference ladder 1.3 2.4 5.9 kQ
) n
total device 5
PARAMETER TEST CONDITIONS MIN TYP! MAX UNIT 2
ADCO0831 1 2.5 7))
| Supply current mA
cc PPl ADC0832 3 52 ©
tall parameters are measured under open-loop conditions with zero common-mode input voltage. '.(G
*+All typical values are at Voc = 5V, T = 25°C. a
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 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 4.95 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, TA = 25°C
(unless otherwise noted)
PARAMETER TEST CONDITIONS S Bl BC SUFFIX Al AC SUFFIX UNIT
MIN TYP MAX MIN TYP MAX
Supply-voltage variation error Veeg = 475V 10 5.25 V +1/16 +1/4 +1/16 *=1/4 LSB
- Vo =
Total unadjusted error ref 5V, 12 ‘1 LSB
(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! LSBfiret CL = 100 pF ns
-fir:
(see Note 6) 250 600 250 600
data
CL = 10 pF,
. . L P 125 250 125 250
Output disable time, RL = 10 kQ
tdis o after C81 CL = 100 pF ns
atter L= Poeh 500 500
RL = 2 kQ
Conversion time (multiplexer clock
tconv N ) 8 8 ;
addressing time not included) periods
S Al 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.
i
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ADCO831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

 — —Vce
CLK M
: : GND Vee
—PI [—tsu —" —tsy CLK—\FZM
=l — 1 i — ———GND

e——tpa

1

[
|| o —===Von
— GND DATA OUT‘—_\so%_
| _" k—‘h (o) [ VoL
| |

|
| I

| le»—th
|
2 2v l v Vee
DATA IN \ FIGURE 2. DATA OUTPUT TIMING
o o 0.4V o4 v___G'\ID
Q
g FIGURE 1. ADC0832 DATA INPUT TIMING
g-’ Vce
g TEST s1 l
~ POINT
7] FROM R
L
OUTPUT
UNDER
TEST cL s2
I (See Note A) }-
LOAD CIRCUIT
—Dl :‘—t, 'q 'n“r
50% Vee _ | Feow Vee
cs 50% cs 50% | 0%
l‘.Qé__.___ GND ' — ———— GND
HL“‘tdiS N'—“—"dis
_____ VoH ' -Vee
DO AND Stopen  90% DO AND  §1 closed H
SARS QUTPUT _S.z_f'ﬂ.”:"_ D GND SARS OUTPUT S2open _12%_ — GND
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
NOTE A: C includes probe and jig capacitance.
FIGURE 3. OUTPUT DISABLE TIME TEST CIRCUIT AND VOLTAGE WAVEFORMS
i
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ADCD831
AID

A, ADC0832A, ADC0831B, ADC0832B
PERIPHERALS WITH SERIAL CONTROL

16

TYPICAL CHARACTERISTICS

UNADJUSTED OFFSET ERROR
Vs
REFERENCE VOLTAGE

LINEARITY ERROR
vs
REFERENCE VOLTAGE

INSTRUMENTS
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T T T T 1171 15 T -
FVi(+) = Vi(-) =0V Vec=5V
14 f = 250 kH
125 [ F1ok S !
A =25°C
12
o a
7] « 1.0
3 10 7
L 5 2
=] :
= 8 \ w 0.75
. £ 2
3 6 3 ®
b £ 05 o
o - <
4
72]
0.25
2 S
N m
o] — 0 (@]
0.01 0.1 1 10 0 1 2 3 4 5
Vyief—Reference Voltage—V Vret—Reference Voltage—V
FIGURE 4 FIGURE 5
LINEARITY ERROR LINEARITY ERROR
] Vs
FREE-AIR TEMPERATURE CLOCK FREQUENCY
0.5 T ] 3 T T
Vief =5V Vief = 5V
fclock = 250 kHz 25 Vec =5V
0.45 i
[+e] \ [+e]
@ 3 2
| 04 =
s N 2 /
ui & 1.5
> Z
£ 0.35 5
< ©
2 \ g 1 :
3 = 85 y25°c
0.3 Y 0.5 -e=p-240°C e
0.25 0
-50 -2b 0 25 50 75 100 0 100 200 300 400 500 600
TA —Free-Air Temperature— °C fclock —Clock Frequency —kHz
FIGURE 6 FIGURE 7
i
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ADC0831A, ADC0832A, ADC0831B, ADC0832B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS

ADC0831 ADCO0831
SUPPLY CURRENT SUPPLY CURRENT
vs vs
FREE-AIR TEMPERATURE CLOCK FREQUENCY
1.5 T T 15 T
fclock = 250 kHz Vee=5V
CS high Ta=25°C
< \ =55V
£ \ cC <
2Nk ? 10
c \ - B
2 g — |
3 dvee = 5v| £ — |
w] ‘i 1 Sy [3) /
2 32 ~l | z
o 5 . 2
w ® ~Vcc =45V ? 05
Q
=5 0 ’\ 5}
3] I =
g ¢ —
-
(7]
0.5 0
-50 -25 0 25 50 75 100 0 100 200 300 400 500
Ta—Free-Air Temperature — °C felock—Clock Frequency—kHz
FIGURE 8 FIGURE 9
OUTPUT CURRENT
vs
FREE-AIR TEMPERATURE
25
Vee =5V
20 <
< oL (VoL = 5 V)
£ 15 pa— T
3
S | -loH (VOH = 0 V)N\;
2 |
] 10 T 1
3 — 1 -loH(VOoH = 2.4 V)
|
P PO N B B e
5 | —
oL (VoL = 0.4 V) I
0
-50 -25 0 25 50 75 100
TA—Free-Air Temperature— °C
FIGURE 10
i
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ADCO0834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

D2795, AUGUST 1985—REVISED OCTOBER 1986

@ 8-Bit Resolution

® E Mi Interf Stand (YOP VIEw)
Aa::: (;c::;;:(i)::ssor nterface or Stand- v+ T T vee
e Op Cs[]z2 13 %Dl
® Operates Ratiometrically or with 5-V CHo[]3 12[ ]CLK
Reference cH1[Ja  11[JSARs
® 4- or 8-Channel Multiplexer Options with CH2L s 101100
Address Logic CH3LJ6 SIREF
9 DGTL GND[]7  8[JANLG GND
® Shunt Regulator Allows Operation with
High-Voltage Supplies ADCO838 . . . N PACKAGE
(TOP VIEW)
® Input Range O to 5 V with Single 5-V
Supply cHo[]]
. . . . cH1(]
® Remote Operation with Serial Data Link cH2[]
® Inputs and Outputs are Compatible with CH3[]
TTL and MOS CH4[]]
CH5
® Conversion Time of 32 us at O
felock = 250 kH CH6 [
clock = z CH7
® Designed to be Interchangeable with comMm
National Semiconductor ADC0834 and DGTL GND
ADCO0838
ADCO838 . . . FN PACKAGE
TOTAL UNADJUSTED ERROR (TOP VIEW)
DEVICE A SUFFIX B SUFFIX Ne-o O
T +
ADCO0834 +1LSB +1/2 LSB 553552
ADCO0838 +1LSB +1/2 LSB =t
description CH3 Cs
. CH4 [o]]
These devices are 8-bit successive- CH5 CLK
approximation analog-to-digital converters, each CH6 SARS
with an input-configurable multichannel CH7 DO
multiplexer and serial input/output. The serial 9 10111213
input/output is configured to interface with
X < . Sooy4
standard shift registers or microprocessors. o 5 5 g
Detailed information on interfacing with most © oo
popular microprocessors is readily available from 5 2
the factory. (SRR

ADCO0834 . . . N PACKAGE

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.

N

Data Sheets

The ADCO834Al, ADCO834BI, ADCO838AI, and ADCO838BI are characterized for operation from —40°C
to 85°C. The ADCO834AC, ADC0834BC, ADCO838AC, and ADCO838BC 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
standard warranty. Production processing does not
necessarily include testing of all parameters.
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ADC0834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

functional description

The ADC0O834 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.

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
line. When SE is forced low, the data is then clocked out as LSB-first data. (To output LSB first, the SE
control input must first go low, then the data stored in the 9-bit shift register outputs LSB first.) When
[} 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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ADC0834A, 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/O 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

| |

|
—H k—tu . gen seLEcT
ISTART  BIT CHBIT
[BIT SGL ODD 1 l

DIF EVEN 1

ADCO0834
1 2 3 4 21
d - (AR L
o : |1 ] |
Q ¥ ¢ tsu LL tconv |
Y g (. { _
o | o |
- | | c (¢
® | 4 ]
e | I
7] |

|
I
|
I
I
I
|

Hi-Z
SARS—l

g

| |
I —5 5 l
T |
| |
| ]

|
[¢———MSB-FIRST DATA————DL—-———LSB FIRST DATA——D'

[
MAX SETTLING
TIME — e |

Hi-Z HI-2

Do MsB LsB msB
1 ’ ¢ [

7 6 d 2 1 0 1 2 6 7

ADC0834 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS CHANNEL NUMBER

SGL/DIF ODD/EVEN SELECT BIT 1 0o 1 2 3
L L L + -

L L H + -
L H L -+

L H H -+
H L L +

H L H +

H H L +

H H H +

H = high level, L = low level, — or + = polarity of selected input pin
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ADCO834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

sequence of operation

ADC0838
12 3 4 5 6 7 8 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
CLKf } { } }1 { { %
[ | |
[ [ |
= N‘lL‘sn H—I———‘conv—————ﬁg
I "
i [ |
cs || | [ 1
T T MUX T T L4 T
Y |
| Rboressing %) | |
| l
—-ﬂlﬂ—‘su ) | |
| | I |
| ! !
+ SEL SEL | 1
START! SIGN BIT 1 an'o I I
BIT! SGL 0DD 1 e |
ST LT 7 7777,
DIF EVEN T 10 ! | )
I | |
| |
[ I
! |
! l
| |
— 5 j HI-Z
HI-Z
SARS ! 1
I [~
I
|

MUX SETTLING

B S

|
|
. TIME HI-Z
[ree] l 1 lsa | TI 1 IMSBI
|
O e
: | SE USED TO CONTROL LSB FIRST DATA
Il r{d
SE [ l_
|
()
MUX L ,Q—MSB -FIRST DATA—w— LSB- HELD—m—LSB FIRST DATA——————p
SETTLING—§ l4_| :
TIME ! '
| B | | |
|
oo bl TTT 1 [ [T ][ [l
- 1 5 [~
7 6 2 1 0 1 2 3 4 5
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ADCO834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

ADCO0838 MUX ADDRESS CONTROL LOGIC TABLE

MUX ADDRESS SELECTED CHANNEL NUMBER
SGUBE| oDD/EVER SELECT [} 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 + -
2 L H H H - +
H L L L + -
H L L H + -
g H L H L + -
H L H H + -
o H H L L + -
n H H L H + -
g H H H L + -
(4] H H H H + —
a 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, VCC (see Notes 1 and 2) .. ... .. ittt i i ei e 6.5V
Input voltage range: Logic . ........ ... ... . . -0.3Vto15V
Analog . ... ... -0.3VtoVcc+0.3V
Input current: V4 INPUL . . ... e e e 15 mA
Any other input . ... ... .. e e +5 mA
Total input current for package . ... ........ it e e e +20 mA
Operating free-air temperature range: Al and Bl suffixes .................... —40°C to 85°C
AC and BC suffixes...................... 0°C to 70°C
Storage temperature range . . ... .. .. v e ettt e -65°C to 150°C
Case temperature for 10 seconds: FN package......... e e 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 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.
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ADCO0834A, ADC0838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

recommended operating conditions

MIN NOM MAX [ UNIT
Vee Supply voltage 4.5 5 6.3 A
ViH High-level input voltage 2 \Y
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
] ] [Al and BI suffixes - 40 85 2
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. g
electrical characteristics over recommended range of operating free-air temperature, _q:,
Vee = V+ = 5V, fclock = 250 kHz (unless otherwise noted) 7))
digital section 8

PARAMETER TEST CONDITIONS Al BI SUFRIX AC. BC SUFFIX_| )y 8
MIN TYP! MAX [ MIN TYP¥ MAX
VoH High-level output voltage z?é - i;: z :8: ; _?gouZA i: 22 \%
VoL Low-level output voltage Vce = 5.25V, gL = 1.6 mA 0.4 0.34 \
[T High-level input current ViIH = 5V 0.005 1 0.005 1 A
liL Low-level input current ViL=0 -0.005 -1 -0.005 -1 nA
IoH  High-level output (source) current | Voy = O, Ta = 25°C -6.5 -14 -6.5 -14 mA
loL  Low-level output (sink) current VoL = Vce. Ta = 256°C 8 16 8 16 mA
oz High-impedance-state output Vo =5V, Ta = 25°C 0.01 3 0.01 A
current (DO or SARS) Vo = 0, Ta = 256°C -0.01 -3 -0.01 -3
[oF 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 Vgg = V+ = 5V, Tp = 25°C.

i
Texas {’ 263
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265




ADCO834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

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

analog and converter section

PARAMETER TEST CONDITIONS? MIN _ TYp¥ MAX | unIT
-0.05
VicrR Common-mode input voltage range See Note 4 to \
Ve +0.05
On-channel V| = 5 V at on-channel, 1
Wistdby) Standby input current | Off-channel V| = O at off-channel -1 WA
Y)' (see Note 5) On-channel V| = 0 at on-channel, -1
2 Off-channel V| = 5V at off-channel 1
fi(ref) Input resistance to reference ladder 1.3 2.4 5.9 kQ
g total device
~*
o PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
g! Vz  Internal zener diode breakdown voltage ISIe: J:t:: atV+ pin, 6.3 7 8.6 \2
8 Icc  Supply current 1 2.5 mA
~*
»

taAl parameters are measured under open-loop conditions with zero common-mode input voltage.
Al typical values are at Vcec =6V, V+ =5V, Ta = 25°C.
NOTES: 2. Internal zener diodes are connected from the Vcc 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.
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 V. 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 V¢ 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. .

‘ {ip
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ADCO0834A, ADC0O838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

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

otherwise noted)

BI, BC SUFFIX Al, AC SUFFIX
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX | MIN TYP MAX
Supply-voltage variation error V =475V t0525V +1/16 +1/4 +1/16 +1/4 LSB
cc
Total unadjusted (see Note 6) Vret = 5V, £1/2 +1 | LsB
otal unadjustea error (see Note
! Ta = MIN to MAX
Common-mode error Differential mode +1/16 +1/4 +1/16 +1/4 LSB
Ch i - fi
ange In zero le"Ol’ rom || — 15 mA at V+ pin,
Vce = 5V to internal zener Vior = B V., Ver open 1 1 LSB
diode operation (see Note 2) ref s vecop
Propagation delay time, | pasp 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 = 10 pF, R = 10 kQ 125 250 125 250
i ns
dis Do or SARS after CSt CL = 100 pF, R = 2 kQ 500 500
N Conversion time (multiplexer 8 s clock
conv addressing time not included) periods

TAl 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: 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.

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

GND

Vee

GND

FIGURE 1. DATA INPUT TIMING
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ADCO834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

— — —=-Vcc
cLK 50% 50%
| | GND

le—>—1pd tod—p|  —
| o o e e - = | Vv,
r - cc
DATA \l‘
50% | 50%
ouT (DO)
——— T \e = GND

FIGURE 2. DATA OUTPUT TIMING

sja9ys eleq E
i
( T
2 &
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Vee
TEST 1
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OUTPUT L
UNDER
TEST CL
I (See Note A) }.32
LOAD CIRCUIT
et et
—.' | T -.! H r
- 50% Vee _ | AF90%
s 50% &S so%l
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o —— GnD L N,

fe——tais :4—#— tdis

————— v
DO AND  S1 open P OH DO AND  $1 closed I
SARS OUTPUT  S2 closed GND SARS OUTPUT  S2 open 10%
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NOTE A: C_ includes probe and jig capacitance.

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

Vs

REFERENCE VOLTAGE

LINEARITY ERROR
vs

REFERENCE VOLTAGE

INSTRUMENTS
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ADCO0834A, ADCO838A, ADC0834B, ADC0838B
A/D PERIPHERALS WITH SERIAL CONTROL

TYPICAL CHARACTERISTICS
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ICL7135C, TLC7135C

Advanced LinCMOS™ 4 1/2-DIGIT PRECISION

ANALOG-TO-DIGITAL CONVERTERS

D2851, DECEMBER 1986 —REVISED MARCH 1988

Advanced LinCMOS™ Technology
Zero Reading for 0-V Input

Precision Null Detection with True Polarity
at Zero

1-pA Typical Input Current

True Differential Input

Multiplexed Binary-Coded-Decimal Output
Low Rollover Error: +1 Count Maximum

Control Signals Allow Interfacing with
UARTSs or Microprocessors

Autoranging Capability with Over- and
Under-Range Signals

TTL-Compatible Outputs

Direct Replacement for Teledyne TSC7135,
Intersil ICL7135, Maxim ICL7135, and
Siliconix S$i7135

description

The ICL7135C and TLC7135C converters are
manufactured with Texas Instruments highly
efficient Advanced LinCMOS™ technology. This
4 1/2-digit dual-slope-integrating analog-to-
digital converter is designed to provide interfaces
to both a microprocessor and a visual display.
The digit-drive outputs D1 through D4 and
multiplexed binary-coded-decimal outputs, B1
through B4, provide an interface for LED or LCD
decoder/drivers as well as microprocessors.

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 pV and zero drift is less than 0.5 pV/°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.
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AVAILABLE OPTIONST
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

functional block diagram
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

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

Supply voltage (VCC+ withrespect to VCC =) « .. oo oot e 15V
Analog input voltage (pin Qorpin 10) .. ... ... ... ... . .. ... . Vce- to Vee+
Reference voltage range . ......... ... .. .. . ... ... Vce - to Voo +
Clock input voltage range . . ... ... .. ...ttt OV toVce+
Operating free-air temperature range . . . .. ... ... 0°C to 70°C
Storage temperature range . ... ... .. ... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C
Case temperature for 10 seconds: FN package. . ... ... ... ... ... . . .. .. .. . .. .. .. 260°C
recommended operating conditions 2
MIN NOM MAX UNIT
Supply voltage, Vo + 4 5 6 \ »
Supply voltage, Vcc - -3 -5 -8 \ iq-s
Reference voltage, Vyef 1 \ )
High-level input voltage, CLK, RUN/HOLD, Vi 2.8 \ L
Low-level input voltage, CLK, RUN/HOLD, V| 0.8 \2 »
Differential input voltage, V|p Vee- +1 Vee+ -0.5 \4 S
Maximum operating frequency, fciock (see Note 1) 1.2 2 MHz [3+]
Operating free-air temperature range, TA (o] 70 °C Q
NOTE 1: Clock frequency range extends down to O Hz.
electrical characteristics, VCC+ = 5V.VCC- = =5V, Vref = 1V, fclock = 120 kHz, Ta = 25°C
(unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
v High-level D1-D5,81,82,84,B8 g = -1 mA 2.4 5 v
OH output voltage | Other outputs lo = =10 A 4.9 5
VoL Low-level output voltage lo = 1.6 mA 0.4 \
Peak-to-peak output noise voltage
Vip =0, Full Scale = 2V 15 Vv
(see Note 2) 1D o Seale ¥
Zero-reading temperature coefficient
Vip =0, 0°C = Tp = 70°C 0.5 2 Vv/eC
VO of output voltage 10 ='A= k
4 High-level input current V=5V, 0°C = Tp = 70°C 0.1 10 A
L Low-level input current V=0V, 0°C = Tp < 70°C -0.02 -0.1 mA
Ta = 25°C 1 10
N Input leakage current, pins 9 and 10 Vip =0 OeC =TA = 70°C 250 pA
I Positive supply current f, =0 Ta = 25°C ! 2 mA
cc+ PPy clock = 0°C = Ta = 70°C 3
. Ta = 25°C -0.8 -2
lcc~ Negative supply current fclock = O 0°C = Tp = 70°C 3 mA
Cpd Power dissipation capacitance See Note 3 40 pF

NOTES: 2. This is the peak-to-peak value that is not exceeded 95% of the time.
3. Factor relating clock-frequency to increase in supply current. At Vcc4+ = 5V

Icc+ = IcC+(fclock = 0) + Cpd x 5 V x fejock

U]
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

operating characteristics, VCC+ = 5V, VgcCc- = -5V, Vyef = 1V, fclock = 120 kHz,
TA = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Full-scale temperature coefficient Vin = 2V, 0°C < Ta < 70°C 5 m/oC
“FS  (see Note 4) 'D ' =as i
Linearity error -2V =sVps=s2V 0.5 1 | count
Differential linearity error (see Note 5) -2V sVps=s2V 0.01 LSB
+ Full-scale symmetry error (see Note 6)
Vip = x2V 0.5 1 count
(rollover error)
. . . . Digital
Display reading with 0-V input Vip = 0, 0°C = Tp = 70°C -0.0000 +0.0000 +0.0000 Reading
Display reading in ratiometric operation = Vief, Ta = 25°C +0.9998 +0.9999 +1.0000 | Digital
= Tp = 70°C +0.9995 +0.9999 +1.0005 |Reading

NOTES: 4. This parameter is measured with an external reference having a temperature coefficient of less than 0.01 ppm/°C.
5. The magnitude of the difference between the worst case step of adjacent counts and the ideal step.
6. Rollover error is the difference between the absolute values of the conversion for 2 V and -2 V.
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ICL7135C, TLC7135C

Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

timing diagrams
END OF CONVERSION
e

BusYt I
L
7

B1-B8 I DS l D4 I D3 l D2 I D1 I D5 I

o Y Y Y VY

e o 200
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e s 201 200 je—p|
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D4 | I |
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D3 | I
200 g ]
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D2 I I
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D1 I I
200 j¢—— |
COUNTS

T Delay between BUSY going low and the first STROBE pulse is dependent upon the analog input.

FIGURE 1
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

timing diagrams (continued)
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

PRINCIPLES OF OPERATION
A measurement cycle for the ICL7135C and TLC7135C consists of the following four phases.

1. Auto-Zero Phase. The internal IN+ and IN — inputs are disconnected from the pins and internally
connected to ANLG COMMON. The reference capacitor is charged to the reference voltage. The
system is configured in a closed loop and the auto-zero capacitor is charged to compensate for offset
voltages in the buffer amplifier, integrator, and comparator. The auto-zero accuracy is limited only
by the system noise, and the overall offset, as referred to the input, is less than 10 uV.

2. Signal Integrate Phase. The auto-zero loop is opened and the internal IN+ and IN - inputs are
connected to the external pins. The differential voltage between these inputs is integrated for a fixed
period of time. If the input signal has no return with respect to the converter power supply, IN —
can be tied to ANLG COMMON to establish the correct common-mode voltage. Upon completion
of this phase, the polarity of the input signal is recorded.

3. De-integrate Phase. The reference is used to perform the de-integrate task. The internal IN - is
internally connected to ANLG COMMON and IN + is connected across the previously charged reference
capacitor. The recorded polarity of the input signal is used to ensure that the capacitor will be connected
with the correct polarity so that the integrator output polarity will return to zero. The time, which
is required for the output to return to zero, is proportional to the amplitude of the input signal. The
return time is displayed as a digital reading and is determined by the equation 10,000 x (V|p/Vref).
The maximum or full-scale conversion occurs when V|p is two times Vyef.

4. Zero Integrator Phase. The internal IN — is connected to ANLG COMMON. The system is configured
in a closed loop to cause the integrator output to return to zero. Typically this phase requires 100
to 200 clock pulses. However, after an over-range conversion, 6200 pulses are required.

description of analog circuits

input signal range

The common mode range of the input amplifier extends from 1 V above the negative supply to 1 V below
the positive supply. Within this range, the common mode rejection ratio (CMRR) is typically 86 dB. Both
differential and common mode voltages cause the integrator output to swing. Therefore, care must be
exercised to assure the integrator output does not saturate.

analog cammon

Analog common (ANLG COMMON) is connected to the internal IN — during the auto-zero, de-integrate,
and zero integrator phases. If IN — is connected to a voltage which is different than analog common during
the signal integrate phase, the resulting common mode voltage will be rejected by the amplifier. However,
in most applications, IN LO will be set at a known fixed voltage (power supply common for instance).
In this application, analog common should be tied to the same point, thus removing the common mode
voltage from the converter. Removing the common mode voltage in this manner will slightly increase
conversion accuracy.

reference

The reference voltage is positive with respect to analog common. The accuracy of the conversion result
is dependent upon the quality of the reference. Therefore, to obtain a high accuracy conversion, a high
quality reference should be used.

N

Data Sheets

XAS Q’ 2-75

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



ICL7135C, TLC7135C

Advanced LinCMOS™ 4 1/2-DIGIT PRECISION

ANALOG-TO-DIGITAL CONVERTERS

description of digital circuits

RUN/HOLD input

. STROBE input
O
Q
-
[
n
2
14
®
~
(7]

When the RUN/HOLD input is high or open, the device will continuously perform measurement cycles every
40,002 clock pulses. If this input is taken low, the IC will continue to perform the ongoing measurement
cycle and then hold the conversion reading for as long as the pin is held low. If the pin is held low after
completion of a measurement cycle, a short positive pulse (greater than 300 ns) will initiate a new
measurement cycle. If this positive pulse occurs before the completion of a measurement cycle, it will
not be recognized. The first STROBE pulse, which occurs 101 counts after the end of a measurement
cycle, is an indication of the completion of a measurement cycle. Thus, the positive pulse could be used
to trigger the start of a new measurment after the first STROBE pulse.

Negative going pulses from this input are used to transfer the BCD conversion data to external latches,
UARTS, or microprocesors. At the end of the measurement cycle, the digit-drive (D5) input goes high and
remains high for 201 counts. The most significant digit (MSD) BCD bits are placed on the BCD pins. After
the first 101 counts, halfway through the duration of output D1-D5 going high, the STROBE pin goes low
for 1/2 clock pulse width. The placement of the STROBE puise at the midpoint of the D5 high pulse allows
the information to be latched into an external device on either a low-level or an edge. Such placement
of the STROBE pulse also ensures that the BCD bits for the second MSD will not yet be competing for
the BCD lines and latching of the correct bits is assured. The above process is repeated for the second
MSD and the D4 output. Similarly, the process is repeated through the least significant digit (LSD).
Subsequently, inputs D5 through D1 and the BCD lines will continue scanning without the inclusion of
STROBE pulses. This subsequent continuous scanning causes the conversion results to be continuously
displayed. Such subsequent scanning does not occur when an over-range condition occurs.

BUSY output

The BUSY output goes high at the beginning of the signal integrate phase and remains high until the first
clock pulse after zero-crossing or at the end of the measurement cycle if an over-range condition occurs.
It is possible to use the BUSY pin to serially transmit the conversion result. Serial transmission can be
accomplished by ANDing the BUSY and CLOCK signals and transmitting the ANDed output. The transmitted
output consists of 10,001 clock pulses, which occur during the signal integrate phase, and the number
of clock pulses, which occur during the de-integrate phase. The conversion result can be obtained by
subtracting 10,001 from the total number of clock pulses.

OVER-RANGE output

When an over-range condition occurs, this pin goes high after the BUSY signal goes low at the end of
the measurement cycle. As previously noted, the BUSY signal remains high until the end of the measurement
cycle when an over-range condition occurs. The OVER-RANGE output goes high at end of BUSY and goes
low at the beginning of the de-integrate phase in the next measurement cycle.

UNDER-RANGE output

At the end of the BUSY signal, this pin goes high if the conversion result is less than or equal to 9% (count
of 1800) of the full-scale range. The UNDER-RANGE output is brought low at the beginning of the signal
integrate phase of the next measurement cycle.

2-76
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

PRINCIPLES OF OPERATION

POLARITY output
The POLARITY output is high for a positive input signal and is updated at the beginning of each de-integrate
phase. The polarity output is valid for all inputs including +0 and over-range signals.

digit-drive (D5, D4, D2 and D1) outputs

Each digit-drive output (D1 through D5) sequentially goes high for 200 clock pulses. This sequential process
is continuous unless an over-range occurs. When an over-range occurs, all of the digit drive outputs are
blanked from the end of the strobe sequence until the beginning of the de-integrate phase (when the
sequential digit drive activation begins again). The blanking activity, during an over-range condition, may
be used to cause the display to flash and indicate the over-range condition.

BCD outputs
The BCD bits (B8, B4, B2 and B1) for a given digit are sequentially activated on these outputs.
Simultaneously, the appropriate Digit-drive line for the given digit is activated.

system aspects

integrating resistor

The value of the integrating resistor (R|NT) is determined by the full scale input voltage and the output
current of the integrating amplifier. The integrating amplifier can supply 20 uA of current with negligible
non-linearity. The equation for determining the value of this resistor is as follows:

FULL-SCALE VOLTAGE
INT

RINT =

Integrating amplifier current, |NT, from 5 to 40 pA will yield good results. However, the nominal and
recommended current is 20 pA.

integrating capacitor

The product of the integrating resistor and capacitor should be selected to give the maximum voltage swing
without causing the integrating amplifier output to saturate and get too close to the power supply voltages.
If the amplifier output is within 0.3 V of either supply, saturation will occur. With +5-V supplies and ANLG
COMMON connected to ground, the designer should design for a +3.5-V to +4-V integrating amplifier
swing. A nominal capacitor value is 0.47 pF. The equation for determining the value of the integrating
capacitor (C|NT) is as follows:

P 10,000 x CLOCK PERIOD x [|NT
INT = INTEGRATOR OUTPUT VOLTAGE SWING

where: [|NT is nominally 20 yA.

Capacitors with large tolerances and high dielectric absorption can induce conversion inaccuracies. A
capacitor, which is too small could cause the integrating amplifier to saturate. High dielectric absorption
causes the effective capacitor value to be different during the signal integrate and de-integrate phases.
Polypropylene capacitors have very low dielectric absorption. Polystyrene and Polycarbonate capacitors
have higher dielectric absorption, but also work well.

N

Data Sheets

Texas ‘@
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

2-77




sjeayg ejeQ m

2-78

ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

PRINCIPLES OF OPERATION

auto-zero and reference capacitor

Large capacitors will tend to reduce noise in the system. Dielectric absorption is unimportant except during
power-up or overload recovery. Typical values are 1 uF.

reference voltage

For high-accuracy absolute measurements, a high quality reference should be used.

rollover resistor and diode

The ICL7135C and TLC7135C have a small rollover error, however it can be corrected. The correction
is to connect the cathode of any silicon diode to the INT OUT pin and the anode to a resistor. The other
end of the resistor is connected to ANLG COMMON or ground. For the recommended operating conditions
the resistor value is 100 kQ. This value may be changed to correct any rollover error which has not been
corrected. In many non-critical applications, the resistor and diode are not needed.

maximum clock frequency

For most dual-slope A/D converters, the maximum conversion rate is limited by the frequency response
of the comparator. In this circuit, the comparator follows the integrator ramp with a 3 us delay. Therefore,
with a 160-kHz clock frequency (6 us period), half of the first reference integrate clock period is lost in
delay. Hence, the meter reading will change from O to 1 with a 50-uV input, 1 to 2 with a 150-4V input,
2 to 3 with a 250-uV input, etc. This transition at midpoint is desirable; however, if the clock frequency
is increased appreciably above 160 kHz, the instrument will flash **1’' on noise peaks even when the input
is shorted. The above transition points assume a 2-V input range is equivalent to 20,000 clock cycles.

If the input signal is always of one polarity, comparator delay need not be a limitation. Clock rates of 1 MHz_
are possible since non-linearity and noise do not increase substantially with frequency. For a fixed clock
frequency, the extra count or counts caused by comparator delay will be a constant and can be subtracted
out digitally.

For signals with both polarities, the clock frequency can be extended above 160 kHz without error by
using a low value resistor in series with the integrating capacitor. This resistor causes the integrator to
jump slightly towards the zero-crossing level at the beginning of the de-integrate phase and thus,
compensates for the comparator delay. This series resistor shouid be 10 2 to 50 Q. This approach allows
clock frequencies up to 480 kHz.

minimum clock frequency

The minimum clock frequency limitations result from capacitor leakage from the auto-zero and reference
capacitors. Measurement cycles as high as 10 s are not influenced by leakage error.

rejection of 50 Hz or 60 Hz pickup

To maximize the rejection of 50 Hz or 60 Hz pickup, the clock frequency should be chosen so that an
integral multiple of 50 Hz or 60 Hz periods occur during the signal integrate phase. To achieve rejection
of these signals, some clock frequencies which could be used are as follows:

50 Hz: 250, 166.66, 125, 100 kHz, etc.
60 Hz: 300, 200, 150, 120, 100, 40, 33.33 kHz, etc.

Texas {'f
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ICL7135C, TLC7135C
Advanced LinCMOS™ 4 1/2-DIGIT PRECISION
ANALOG-TO-DIGITAL CONVERTERS

PRINCIPLES OF OPERATION
zero-crossing flip-flop

This flip-flop interrogates the comparator’s zero-crossing status. The interrogation is performed after the
previous clock cycle and the positive half of the ongoing clock cycle have occurred so that any comparator
transients which result from the clock pulses do not affect the detection of a zero-crossing. This procedure
delays the zero-crossing detection by one clock cycle. To eliminate the inaccuracy, which is caused by
this delay, the counter is disabled for one clock cycle at the beginning of the de-integrate phase. Therefore,
when the zero-crossing is detected one clock cycle later than the zero-crossing actually occurs, the correct
number of counts is displayed.

noise
The peak-to-peak noise around zero is approximately 15 uV (peak-to-peak value not exceeded 95% of
the time). Near full scale, this value increases to approximately 30 uV. Much of the noise originates in
the auto-zero loop, and is proportional to the ratio of the input signal to the reference.

analog and digital grounds
For high-accuracy applications, ground loops must be avoided. Return currents from digital circuits must
not be sent to the analog ground line.

power supplies

The ICL7135C and TLC7135C are designed to work with + 5-V power supplies. However, 5-V operation
is possible if the input signal does not vary more than = 1.5 V from mid-supply.

(N

Data Sheets

XAS Q’ 2-79

Ti
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



N

2-80



TLOBOS, TLO8OY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

D2642, FEBRUARY 1986 —REVISED MAY 1988

® Total Unadjusted Error . . . £0.75 LSB Max N DUAL-IN-LINE PACKAGE
for TLO808 and *1.25 LSB Max for (TOP VIEW)
TLO809 Over Temperature Range s a2
® Ideal for Battery Operated, Portable 4 52 27[] 1}INPUTS
Instrumentation Applications INPUTS 9 5[5 26[] 0
6[]a 2s5] A}
® Resolution of 8 Bits 7(]s  2a[] B >ADDRESS
® 100 us Conversion Time ST:g(T: Es zz@ »(A:LE
® Ratiometric Conversion 2-50s  21{J2-1(MSBI
0E[]s 20F| 2-2
® Monotonic Over the Entire A/D Conversion CLk[Jro 19f]2-3
Range veel]ir 1824 2
REF + %12 17[]2-8(LsB)
® No Missing Codes GND[]iz  16[] REF - »
® Easy | . . 2-7[Jia 15[]2-6 -
y Interface with Microprocessors Q
® Latched 3-State Outputs %
FN PACKAGE
® Latched Address Inputs (TOP VIEW) ©
® Single 2.75-V to 5.5-V Supply N ) ®
EFEEEFEFEEE
® Extremely Low Power § ; g g § ; § o
Consumption . . . 0.3 mW Typ e
X 4 3 2 1 282726
® Improved Direct Replacements for INPUT 70 5 25 A
ADC0808, ADC0809 sTARThH s 2] B} ADDRESS
eocf)7 23(] ¢,
description 2-5[]8 22(JALE
The TLO8O8 and TLO8OY are monolithic CMOS b i
devices with an 8-channel multiplexer, an 8-bit vee i 19(]2-3
analog-to-digital (A/D) converter, and 12131415 16 17 18
microprocessor-compatible control logic. The TECS ’_I' oo
8-channel multiplexer can be controlled by a %3 Ly @ &
microprocessor through a 3-bit address decoder b e
with address load to select any one of eight N
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. These devices are designed to operate from common
microprocessor control buses, with 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.
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 2.75-V to 5.5-V supply and extremely
low power requirements make the TLO808 and TLO809 especially useful for a wide variety of applications
including portable battery and LCD applications. Ratiometric conversion is made possible by access to
the reference voltage input terminals.
The TLO808 and TLO809 are characterized for operation from —40°C to 85°C.
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
Spocihcationspor the tormeof Towaa nstruments Ti J@
sXandard fnty. Producti ing does not EXAS 2-81
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TL0808, TL080Y
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

functional block diagram (positive logic)

SAMPLE-AND-HOLD

BINARY-WEIGHTED
CAPACITORS
(12)
REF+ e ] SWITCH
REF— —————— MATRIX
; THRESHOLD
0128 4 DETECTOR (7) , g (Lsm)
Jan  (14) 57
2 (28) 12! -5
pRat 8) ._
ANALOG output | B) 55 DIGITAL
anatos J 32 mucTi- LATCHES | (18) , 4 OUTPUTS
@) INPUTS ), (2)] PLEXER [ (19) 5,3
Q ] | (200 ,_>
-
o 513 >7mgc en 2V o1 (mse)
(4) (7) END OF
6 —1
g_) . CONTROL CONVERSION (EOC)
721
(1]
®
a cLock o 4
START CONVERSION (START) 2!
OUTPUT ENABLE (0E) 2!
(25
ADDRESS A 7o
ADDRESS B=-| ADDRESS
ADDRESS C == DECODER
ADDRESS LoAD 22}
ENABLE (ALE)
MULTIPLEXER FUNCTION TABLE
INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
Cc B A STROBE CHANNEL
L L L B 0
L L H * 1
L H L * 2
L H H t 3
H L L t 4
H L H 1 5
H H L + 6
H H H 1 7
H = high level, L = low level
T = low-to-high transition
*i’
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TLO80S, TLOBOY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS

WITH 8-CHANNEL MULTIPLEXERS

operating sequence

[-m*l
cLock Illlllllllllllllllllll
START 0[—\ .
CONVERSION 50%4 N50%

< 5
et tw(s)
ADDRESS LOAD e .
ENABLE So%f \50% -
———=——tw(ALC)
f=—=- ADDRESS STABLE
ADDRESS 50%50% ! 2
| 1
tsufee™ Tt | 0
ANALOG INPUT x ! | ANALOG vALUE X ‘q';
b-——lr———if— INPUT STABLE —————————— Q
L L
MULTIPLEX OUTPUT ] 1 ANALOG VALUE
(INTERNAL) : >;< f )C »n
1 S
END OF ' | 50% I 50% (1+]
CONVERSION ' ! ! *
l=—1td(EOC) — ! o
t tconv -
ouTPUT

o SN
ENABLE 4 )
Seten o e tdis

o o
LATCH OUTPUTS 90% 90%
HI-Z STATE 10% 10%

i
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TLO808, TLOBOY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

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

Supply voltage, VCC (see Note 1) ... i 6.5V
Input voltage range: control iNPULS . . .. ... ottt -0.3t0 15V

all otherinputs . ........ .. ... ... ... ... . ... -0.3VtoVce + 03V
Operating free-air temperature range . . ... . ... ...ttt —40°C to 85°C
Storage temperature range . . . ... .. ..v ot it —-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: All voltage values are with respect to network ground terminal.

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vo 2.75 5.5 \4
Positive reference voltage, Vief4 (see Notes 2, 3, and 4) 2.75 Vce Vec+0.1 \
Negative reference voltage, Vet — (see Notes 2, 3, and 4) -0.1 0 \
Differential reference voltage, Vigf + — Vigf— (see Note 4) 3 \
High-level input voltage, control inputs, V|H 0.7 Vee Y
Low-level input voltage, control inputs, V|_ 0.3 Vee \
Operating free-air temperature, Ta (see Note 4) -40 85 °C

NOTES: 2. The accuracy of the conversion will depend on the stability of the reference voltages applied.

3. Analog voltages greater than or equal to Vyef 4 convert to all highs, and all voltages less than Vief_ convert to all lows.
4. For proper operation of the TLO808 and TLO8O0S at free-air temperatures below 0°C, Vcc and (Vygf + — Vyef— ) should not

be less than 3 V.

electrical characteristics over recommended operating free-air temperature range, VGG = 3V t05.25 V

(unless otherwise noted)

total device

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VoH High-level output voltage lop = —360 pA Vee-0.6 \
Data outputs o = 1.6 mA 0.45
VoL Low-level output voltage ey - 0 L \
End of conversion lop = 1.2mA 0.45
Off-state (high-impedance-state) Vo = Vce 1
loz HA
output current Vp =0 -1
Iy Control input current at maximum input voltage V) =16V 1 rA
i Low-level control input current V) =0 -1 A
Vee = 3V, f = 640 kH. 10! 500 A
Icc Supply current cc clock 6 z 0 0 K
Vee = 5V, felock = 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 11000 kQ

TTypical values are at Vcc = 3 Vand Tp = 25°C.

284 Texas W
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TLO8O8, TLOBOY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

analog multiplexer

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Vi =3V, fclock = 640 kHz 2
lon Channel on-state current (see Note 5) Vi = o felook = 640 kHz = A
Vec =3V, V=3V 10 200 nA
Ta =256°C| V(=0 -10 -200
loff Channel off-state current v 3V 1
| =
Vee =3V A
cc Vi =0 ) =

TTypical values are at Vgc = 3V and Tp = 25°C.
NOTE 5: 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.

N

timing requirements, Ta = 25°C, VoG = Vref+ = 3 V, Vief— = 0 (unless otherwise noted)

MIN NOM MAX | UNIT g
tconv Conversion time (see Note 6) 90 100 116 us -8
felock Clock frequency zgg Z i.\7/5u:/ ;?54\/\/ :8 12;8 kHz (7))
twis) Start pulse duration 200 ns s
tw(ALC) Address load control pulse duration 200 ns ©
tsu Address setup time 50 ns (]
th Address hold time 50 ns
td(EQc)  Delay time, end of conversion output (see Notes 6 and 7) 0 14.5 us

operating characteristics, TA = 25°C, VcC = Vref+ = 3V, Vief— = 0, fclock = 640 kHz (unless
otherwise noted)

TLO808 TLO809
PARAMETER TEST CONDITIONS UNIT
: MIN TYPT MAX | MIN TYPT MAX
Supply volta \ =V =3Vt5.25V,
kgvg PPl votage CC = Vref+ ° +0.05 +0.05 %IV
sensitivity Ta = —40°C to 85°C, See Note 8
Linearity error
+0.5 +1 LSB
(see Note 9)
Zero error (see Note 10) +0.5 +0.5 LSB
Total unadjusted felock = Ta = 25°C +0.256 +0.5 +0.5 +1 LSB
error (See Note 11) 125 kHz TA = —40°C to 85°C +0.75 +1.25
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 105 300 105 300 ns

TTypical values for all except supply voltage sensitivity are at Vcc = 3 V.
NOTES: 6. Refer to the operating sequence diagram.
7. For clock frequencies other than 640 kHz, tq(eQC) maximum is 8 clock periods plus 2 us.
8. Supply voltage sensitivity relates to the ability of an analog-to-digital converter to maintain accuracy as the supply voltage
varies. The supply and Vief + are varied together and the change in accuracy is measured with respect to full-scale.
9. Linearity error is the maximum deviation from a straight line through the end points of the A/D transfer characteristic.
10. 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.
. Total unadjusted error is the maximum sum of linearity error, zero error, and full-scale error.
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TLO808, TLO8OY
LOW-POWER CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

PRINCIPLES OF OPERATION

The TLO808 and TLO809 each consists of an analog signal multiplexer, an 8-bit successive-approximation
converter, and related control and output circuitry.

multiplexer

syooys eieq LN

The analog multiplexer selects 1 of 8 single-ended input channels as determined by the address decoder.
Address load control ioads 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 threshoid 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 t.aen f‘REF+ tR.EF+ tzsn tl‘iEF+ tzem ﬁsn ﬁen
o3l roal Rl roal ol eal el %

REF— REF-— REF— REF— REF— REF— REF— REF— REF-—
st st

AT TTTT T 1T

m
FIGURE 1. SIMPLIFIED MODEL OF THE SUCCESSIVE-APPROXIMATION SYSTEM

2-86

{i’
TeEXAS
INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



TL182, TL185, TL188, TL191
BI-MOS SWITCHES

D2234, JUNE 1976 —REVISED SEPTEMBER 1986

® Functionally Interchangeable with Siliconix
DG182, DG185, DG188, DG191 with Same
Terminal Assignments

Monolithic Construction
Adjustable Reference Voltage
JFET Inputs

description

The TL182, TL185, TL188, and TL191 are
monolithic high-speed analog switches using BI-
MOS technology. They comprise JFET-input
buffers, level translators, and output JFET
switches. The TL182 switches are SPST; the
TL185 switches are SPDT. The TL188 is a pair
of complementary SPST switches as is each half
of the TL191.

A high level at a control input of the TL182 turns
the associated switch off. A high level at a
control input of the TL185 turns the associated
switch on. For the TL188, a high level at the
control input turns the associated switches S1
on and S2 off.

The threshold of the input buffer is determined
by the voltage applied to the reference input
(Vref). The input threshold is related to
the reference input by the equation
Vth = Vrief + 1.4 V. Thus, for TTL compati-
bility, the Vyef input is connected to ground. The
JFET input makes the device compatible with
bipolar, MOD, and CMOS logic families.
Threshold compatibility may, again, be
determined by Vith = Vief +1.4 V.

The output switches are junction field-effect
transistors featuring low on-state resistance and
high off-state resistance. The monolithic
structure ensures uniform matching.

BI-MOS technology is a major breakthrough in
linear integrated circuit processing. BI-MOS can
have ion-implanted JFETs, p-channel MOS-FETs,
plus the usual bipolar components all on the
same chip. BI-MOS provides for monolithic
circuit designs that previously have been
available only as expensive hybrids.

M-suffix devices are characterized for operation
over the full military temperature range of
—55°C to 125°C. I-suffix devices are
characterized for operation from —25°C to
85°C, and C-suffix devices are characterized for
operation from 0°C to 70°C.

Uniform On-State Resistance for Minimum

Signal Distortion

+10-V Analog Voitage Range

TTL, MOS, and CMOS Logic Control

Compatibility

TL182

N PACKAGE
(TOP VIEW)

1S

1D

NC []
NC []
1A [
vee [
viL

1 Ua

N O oA w N
o

2s
2D
B e
] NC
(] 2A
[] Vee
:] Vrief

TL185

N PACKAGE
(TOP VIEW)

101 [
NC [
102 (]
182 []
251 [
2D1 [
NC []
2D2 (]

1 U16

O N OO b WwN
N

181
] 1A

] VEE
:| Vief
v

vee
2A

282

TL188

N PACKAGE
(TOP VIEW)

NC
NC%
D1 [
s1 [
A
vee [
v [

1 Ua ] ne

N o oA 0N

TL191

13[] NC
12[] D2
11% S2
10 NC
o] Vee
8[] Vref

N PACKAGE
(TOP VIEW)

1D1
NC%
1D2

182 ]
252 [
202 [

Ne [
2D1 [

1 Use
15
14
13
12
1
10

N o b WwN

181
1A
] VEE
] Veef
0 vie
] vee

] 2A

8 9
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NC—No internal connection
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Data Sheets
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TL182, TL185
BI-MOS SWITCHES

schematic (each channel)’

Vi Ve
e

TL182 TWIN SPST SWITCH

TO OTHER HALF

-1 D

Toe L,

N

L%%_ﬁ —
B

symbol

TLLE [N i LIS

s (14) ~4 (13) 20

3 %
S ey
9 "y . i
o ) \ FUNCTION TABLE
n y (EACH HALF)
=2
o INPUT SWITCH
@ A s
7] L, L ON (CLOSED)
»E TO OTHER HALF H OFF (OPEN)
VEE Vref
TL185 TWIN DPST SWITCH
schematic (each channel) symbol
Vi Vce
>~
15
1_>}To OTHER HALF 1A (15) 1
j D1 1s1£|_6.).4 —_— L1D1
E: ;J 1szﬁ)_. _/._ ._(i)_.u)z
—t —
S1 (10)
: 2A ——
A—e} 1> D2 281 _(5)_ —_— .ﬂ 2D1
232_(91.1 —_ .._(3_) 2D2
4 s2
v FUNCTION TABLE
(EACH HALF)
INPUT SWITCHES
A SW1 AND SW2
¢ o4 ! > L OFF (OPEN)
] TO OTHER HALF H ON (CLOSED)
VEE Vref -
i
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TL188, TL191
BI-MOS SWITCHES

TL188 DUAL COMPLEMENTARY SPST SWITCH

schematic symbol
Ve Vee
? . _ ] D1
{::r*l &t N a2
B F_l NN By B
S1 11
’ s2 (11) /t (12) D2
A—« Y 3 1p-
D2
s2
4 FUNCTION TABLE
"_L: 4 INPUT SWITCHES
A sw1 SW2
L OFF (OPEN)  ON (CLOSED)
b H ON (CLOSED)  OFF (OPEN)

Data Sheets H

VEE Vet

TL191 TWIN DUAL COMPLEMENTARY SPST SWITCH

schematic (each channel) symbol

Vir  Vce
> } TO OTHER HALF

¢ (15)
1A ~—1y
D1
st
—

]

s1

(10)
A (8)
—& L g —p 9
A D2 PO DS il o 207
252l _./t. l—— 2D2
v s2
FUNCTION TABLE
y INPUT SWITCHES
A SW1 Sw2
L OFF (OPEN)  ON (CLOSED)
3 H ON (CLOSED)  OFF (OPEN)
>
- } TO OTHER HALF
VEE Vref

i
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TL182, TL185, TL188, TL191
BI-MOS SWITCHES

functional block diagram

N

sjaaysg eieqg

DORD1 D|2

See the preceding two pages for operation of the switches.

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

Positive supply to negative supply voltage, VCC — VEE .-« oo 36 V
Positive supply voltage to either drain, VCC — VD ...« o i 33V
Drain to negative supply voltage, VD — VEE . . ..« oottt e 33V
Drain to source voltage, VD — VS . . . oot +22 V
Logic supply to negative supply voltage, VL — VEE . . . oottt e 36 V
Logic supply to logic input voltage, VLI — V| . ... .. 33V
Logic supply to reference voltage, VLL — Vief - -« oo vt i i 33V
Logic input to reference voltage, V| — Vrief . ... ... 33V
Reference to negative supply voltage, Vigf = VEE . .. .« oo 27V
Reference to logic input voltage, Vief — V| . ..o e 2V
Current (any terminal) . . . . . . e 30 mA
Operating free-air temperature range: TL182M, TL185M, TL188M, TL191M .... -55°C to 125°C

TL182l, TL185l, TL188I, TL191l . ........ —25°C to 85°C

TL182C, TL185C, TL188C, TL191C . ..... ... 0°C to 70°C
Storage temperature range . . ... ... ...t -65°C to 1560°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... ................. 260°C

2-90
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electrical characteristics, VCC = 15V, VEE = =15V, V| =5V, Vief = 0V

TLI_M LI TLi_cC
PARAMETER TEST CONDITIONS UNIT
MIN MAX MIN MAX MIN MAX
High-level control
VIH ot vt TA = MIN TO MAX Vief+2 Vief+2 Vief+2 v
input voltage
Low-level control
viL TA = MIN to MAX Vyef+0.8 Vet +0.8 Vief+0.8 v
input voltage
| High-level control Vi = 5V Ta = 25°C 10 10 20 A
H input current = Ta = MAX 20 20 20 "
Low-level control
I ) V) =0 Ta = MIN to MAX -250 -250 -250 uA
input current
Vp = 10V, Vg = -10V, Ta = 25°C 5 5
ID(off) Off-state drain current nA
ViH = 2V, V) =08V TA = MAX 100 100 100
v
Vp=-10V, Vg=10V, Ta = 25°C 5 5
g IS(off) Off-state source current o s A nA
° VIH =2V, VL = 0.8V TA = MAX 100 100 100
- On-state channel Vp=-10V, Vg=-10V, Ta = 25°C 10 10
Q I A
"z Do) *1Sfonl | 5y, Vi = 2V Vil =08V Ta = MAX =200 —200 200 | "
@ ) ge current H = f IL =08 A=
<]
x TL182,| Ta = MIN to 25°C 75 100 100
o q
a ;Um'-l Drain-to-source Vp=-10V, Ig=1mA, |TL188 Ta = MAX 100 150 150 o
e [{
s C DS(on) on-state resistance Vig =2V, Vi = 0.8 V| TL185,| Ta = MIN to 25°C 125 150 150
g Z TL191 Ta = MAX 250 300 300
r;‘ ; Icc Supply current from Ve 1.5 1.5 1.5
@ g Supply current from Vgg -5 -5 -5
] ~— Both control inputs at 0 V Ta = 25°C mA
- L Supply current from V| 4.5 4.5 4.5
; Iref Reference current -2 -2 -2
§ Icc Supply current from Voo 1.5 1.5 1.5
| Supply current from V| -5 -5 -5
EE ldad EE Both control inputs at 5 V Ta = 25°C mA
e Supply current from Vi | 4.5 4.5 4.5
lref Reference current -2 -2 -2

switching characteristics, VCC = 10 V, VEE = =20 V, VLL = 5V, Vief =0V, TA = 25°C

TLI_M TL1_I TL1_C
! T
i PARAMETER TEST CONDITIONS VP = P UNI
i ton  Turn-on time ] 175 175 175
RL= , = 30 pF, 1
toff _ Tumn-off time L=3000, €L pF,  Figurs 350 350 350 ns

L6-C
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TL182, TL185, TL188, TL191
BI-MOS SWITCHES

PARAMETER MEASUREMENT INFORMATION

ViL=5V Vgec=15V

OUTPUT
D
Vs S o7 o

1

ICL=3OPF

Vyef =0 VEg=-15V

Cy includes probe and jig capacitance

Vg =3V fortop and —3 V for toff
RL

Vg =Vg — ——

RL *rDS(on)

TEST CIRCUIT

s1a939yg eleq E

OuUTPUT

NOTE: A. The solid waveform applies for TL185 and SW1 of TL185 and TL191; the dashed waveform applies for TL182 and SW2 of
TL185 and TL191.

B. VQ is the steady-state output with the switch on. Feed through via the gate capacitance may result in spikes (not shown) at
the leading and trailing edges of the output waveform.

FIGURE 1. VOLTAGE WAVEFORMS

{ip
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TL500I, TL500C, TL501I, TL601C, TL502C, TL603C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS
D2477 DECEMBER 1979—REVISED JANUARY 1989

TL500l, TL500C, TL501I, TL501C
ANALOG PROCESSORS

® True Differential Inputs
® Automatic Zero
® Automatic Polarity
® High Input Impedance . . . 109 Ohms
Typically
TL5001, TL500C CAPABILITIES TL501I, TL501C CAPABILITIES 2
Resolution . . .14 Bits (with TL502C) ® Resolution . . . 10-13 Bits (with TL502C)
Linearity Error . . . 0.001% ® Linearity Error . . . 0.01% 3
Q
4 1/2-Digit Readout Accuracy with External ® 3 1/2-Digit Readout Accuracy (V]
Precision Reference <
TL502C CAPABILITIES w»
TL502C/TL503C S
DIGITAL PROCESSORS ® Compatible with Popular Seven-Segment ©
Common-Anode Displays (]
) Di
Fast Display Scan Rates ® High-Sink-Current Segment Driver for Large
® Internal Oscillator May Be Driven or Displays
Free-Running
® Interdigit Blanking TL503C CAPABILITIES
® Over-Range Blanking ® Multiplexed BCD Outputs
® 4 1/2-Digit Display Circuitry ® High-Sink-Current BCD Outputs
® High-Sink-Current Digit Driver for Large
Displays
Caution. These devices have 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 to the MOS
m gates.
description
The TL500I, TL500C, TL5011, and TL501C analog processors and TL502C and TL503C digital processors
provide the basic functions for a dual-slope-integrating analog-to-digital converter.
The TL500 and TL501 contain the necessary analog switches and decoding circuits, reference voltage
generator, buffer, integrator, and comparator. These devices may be controlled by the TL502C, TL503C,
by discrete logic, or by a software routine in a microprocessor.
The TL502C and TL503C each includes oscillator, counter, control logic, and digit enable circuits. The
TL502C provides multiplexed outputs for seven-segment displays, while the TL5603C has multiplexed BCD
outputs.
When used in complementary fashion, these devices form a system that features automatic zero-offset
compensation, true differential inputs, high input impedance, and capability for 4 1/2-digit accuracy.
Applications include the conversion of analog data from high-impedance sensors of pressure, temperature,
light, moisture, and position. Analog-to-digital-logic conversion provides display and control signals for
weight scales, industrial controllers, thermometers, light-level indicators, and many other applications.
PRODUCTION DATA documents contain information . Copyright © 1979, Texas Instruments Incorporated
current as of publication date. Products conform to v}
speci)finglinns per the terms of Texas .Ins('jumen(s; TEXAS b 2.93
ty. P r -
necessarirylaiﬁcal':ltrs testing of ::'II parametern:s " INSTRUMENTS
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TL500I, TL500C, TL501I, TL501C, TL502C, TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCKS

principles of operation

The basic principle of dual-slope-integrating converters is relatively simple. A capacitor, Cx, is charged
through the integrator from VT for a fixed period of time at a rate determined by the value of the unknown
voltage input. Then the capacitor is discharged at a fixed rate (determined by the reference voltage) back
to VCT where the discharge time is measured precisely. The relationship of the charge and discharge values
are shown below (see Figure 1).

Vit

Vex VeT - Charge (1)

Rx Cx
Vref 12

VeT = VX - ———— Discharge (2)
Rx Cx

N

w) Combining equations 1 and 2 results in:
2
o V) 2
g_’ Vrief t1 (3)
8 where:
a VcT = Comparator (offset) threshold voltage
Vcx = Voltage change across Cx during t1 and during t2 (equal in magnitude)

V| = Average value of input voltage during t1

t1 = Time period over which unknown voltage is integrated

t2 = Unknown time period over which a known reference voltage is integrated.

Equation (3) illustrates the major advantages of a dual-slope converter:
a. Accuracy is not dependent on absolute values of t1 and t2, but is dependent on their ratios. Long-
term clock frequency variations will not affect the accuracy.
b. Offset values, VCT, are not important.

The BCD counter in the digital processor (see Figure 2) and the control logic divide each measurement
cycle into three phases. The BCD counter changes at a rate equal to one-half the oscillator frequency.

auto-zero phase

The cycle begins at the end of the integrate-reference phase when the digital processor applies low levels
to inputs A and B of the analog processor. If the trigger input is at a high level, a free-running condition
exists and continuous conversions are made. However, if the trigger input is low, the digital processor
stops the counter at 20,000, entering a hold mode. In this mode, the processor samples the trigger input
every 4000 oscillator pulses until a high level is detected. When this occurs, the counter is started again
and is carried to completion at 30,000. The reference voltage is stored on reference capacitor Cref,
comparator offset voltage is stored on integration capacitor Cx, and the sum of the buffer and integrator
offset voltages is stored on zero capacitor Cz. During the auto-zero phase, the comparator output is
characterized by an oscillation (limit cycle) of indeterminate waveform and frequency that is filtered and
d-c shifted by the level shifter.

integrate-input phase

The auto-zero phase is completed at a BCD count of 30,000, and high levels are applied to both control
inputs to initiate the integrate-input phase. The integrator charges Cx for a fixed time of 10,000 BCD counts
at a rate determined by the input voltage. Note that during this phase, the analog inputs see only the high
impedance of the noninverting operational amplifier input. Therefore, the integrator responds only to the
difference between the analog input terminals, thus providing true differential inputs.

{ip
2-94 Texas
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TL5001, TL500C, TL5011, TL501C, TL502C, TL503C
ANALOG-TO-DIGITAL-CONVERTER BUILDING BLOCK

integrate-reference phase

At a BCD count 0of 39,999 + 1 = 40,000 or O, the integrate-input phase is terminated and the integrate-
reference phase is begun by sampling the comparator output. If the comparator output is low corresponding
to a negative average analog input voltage, the digital processor applies a low and a high to inputs A and
B, respectively, to apply the reference voltage stored on Cef to the buffer. If the comparator output is
high corresponding to a positive input, inputs A and B are made high and low, respectively, and the negative
of the stored reference voltage is applied to the buffer. In either case, the processor automatically selects
the proper logic state to cause the integrator to ramp back toward zero at a rate proportional to the reference
voltage. The time required to return to zero is measured by the counter in the digital processor. The phase
is terminated when the integrator output crosses zero and the counter contents are transferred to the
register, or when the BCD counter reaches 20,000 and the over-range indication is activated. When
activated, the over-range indication blanks all but the most significant digit and sign.

Seventeen parallel bits (4-1/2 digits) of information are strobed into the buffer register at the end of the
integration phase. Information for each digit is multiplexed out to the BCD outputs (TL503C) or the seven-
segment drivers (TL502C) at a rate equal to the oscillator frequency divided by 200.

BCD COUNTER VALUES
20,000 30,000 0 20,000 30,000 0 20,000

AUTO ZERO | INTEGRATE
INPUT

! Il |

| AUTO ZERO | INTEGRATE! INTEGRATE

) | INPUT } REFERENCE
.

INTEGRATE
REFERENCE

INTEGRATOR
ouTPUT

!
!
|
|
|
|

Vipin 1) > Vipin 2)
(POSITIVE ANALOG VOLTAGE)

Vipin 1) < V(pin 2!
| (NEGATIVE ANALOG VOLTAGE)

|
|
|
|
|
|
|
|
|

|
|
|
|
[
|
|
i
|

|
|
|
COMPARATOR | |
| |
I I
Rl s L T ;I.---
|

| | ! | i | | 1'
| | | !
| L | |_ !

CONTROL A | I
—— TITTTA i | T oy
| | | | | | I |
! ’ [ i
| ! I I ‘t

CONTROL B | | |
— | R i e T e ————tal ov

|
|

|
i
TRIGGER | |
DON'T CARE | DON'T CARE |
{ ————
¥ ov

*This step is the voltage at pin 2 with respect to analog ground.

FIGURE 1. VOLTAGE WAVEFORMS AND TIMING DIAGRAM
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ANALOG PROCESSOR DIGITAL PROCESSOR
TL500 OR TL501 TL502C OR TL503C (See Note A)
—_—————— e e e~
cx r i Vcc*—'
Rx DIVIDE ' I
OSCILLATOR BCD
BUFFER INTEGRATOR INPUT OSCILLATOR |—p BY  —Pcounter [ TRIGGER
OUTPUT OUTPUT 2 INPUT
|____— — ———— — l | (See Note B)
1 1 17
|

COMPARATOR l COMPARATOR

OUTPUT  INPUT

BUFFER

r’ REGISTER

ANALOG Ao
INPUT 1

s2 EGRATOR
ANALOG__+_{/ s4 p MA—
INPUT 2 — s10
83, LEVEL
SHIFTER

SIGN ”

BIT _l

CONTROL
LOGIC

@—] MULTIPLEXER

cz CONTROL A
INPUT - OUTPUT, 4

S5 6
/ ANALOG SWITCH
Cref + \0—‘ A CONTROL B

I

|

|

|

I

|

-

|

LOGIC CONTROL |

Cref ¢ INPUT oquuT# L ) scD +¢ aoUTPUTS
{,____ _:_, DRIVERS (TL503C ONLY)

]
Cref - b : ] l | | |
Rer ivput 1 I 1 DIGIT-ENABLE Il Ly Bcsoéz?vié%m SEVggTiE(i’MENT
ner ourrui Y REFERENCE | DRIVERS L - _ _y| DECODER (TLSOZCUOI\?LY)
I I | ANDDRIVERS | |
| 5
L—» ! !
L_____ _____jian [ __§Z]P_______J
ANALOG DIGITAL DIGIT-ENABLE COMMON
GROUND COMMON OUTPUTS
(D1 THRU D5)

NOTES: A. Pin 18 of the TL502C provides an output of fogc (oscillator frequency) + 20,000.
B. The trigger input assumes a high level if not externally connected.

FIGURE 2. BLOCK DIAGRAM OF BASIC ANALOG-TO-DIGITAL CONVERTER USING TL500 OR TL501 AND TL502C OR TL503C

ANALOG CONTROLS ANALOG SWITCHES

MODE INPUT COMPARATOR A AND B CLOSED
Auto Zero X Oscillation Lt $3, 54, 57, 59, $10
Hold
Integrate Positive H H H s1, 52
Input Negative L
Integrate X Lt L H $3, $6, S7
Reference H H L S3, S5, S8

H = High, L = low, X = Irrelevant

1 1f the trigger input is low at the beginning of the auto-zero cycle, the system will enter the hold mode. A high level (or open circuit) will signal the digital processor
to continue or resume normal operation.
1 This is the state of the comparator output as determined by the polarity of the analog input during the integrate input phase.

$X2018 9NIQTING YILHIANOD-TVLIDIC-01-DOTYNY

J€0511 "IZ0S1L ‘10511 ‘00511



TL5001, TL500C, TL501], TL501C
ANALOG PROCESSORS

description of analog processors

The TL500 and TL501 analog processors are
designed to automatically compensate for
internal zero offsets, integrate a differential
voltage at the analog inputs, integrate a voltage
at the reference input in the opposite direction,
and provide an indication of zero-voltage
crossing. The external control mechanism may
be a microcomputer and software routing,
discrete logic, or a TL5602C or TL503C controller.
The TL500 and TL501 are designed primarily for
simple, cost-effective, dual-slope analog-to-
digital converters. Both devices feature true
differential analog inputs, high input impedance,
and an internal reference-voltage source. The
TL500 provides 4-1/2-digit readout accuracy
when used with a precision external reference
voltage. The TL501 provides 100-ppm linearity
error and 3-1/2-digit accuracy capability. These
devices are manufactured using Tl’s advanced
technology to produce JFET, MOSFET, and
bipolar devices on the same chip. The TL500C
and TL501C are characterized for operation over
the temperature range of 0°C to 70°C. The
TL500! and TL5011 are characterized for
operation from —40°C to 85°C.

AVAILABLE OPTIONS

J PACKAGE
(TOP VIEW)
ANALOG INPUT 1 [J1 Uts
ANALOG INPUT 202 7]
ReF ouTPUT [ 18]
REF INPUT [J4  15[]
ANALOG GND (5  14[]
Cref+ 6 1300
Cref- LJ7 12
CONTROL B INPUT[J8 11
CONTROL A INPUT ]9 10
DW PACKAGE
(TOP VIEW)
ANALOG INPUT 1 [t U20[]
ANALOG INPUT 2(J2  19[]
REF OUTPUT[]3  18]]
REF INPUT[Jsa 17
ANALOG GND[]5 18
Cref+ []6 15
Cref- [J7 1a[]
Nc(s  13]]
9

CONTROL B INPUT [}
CONTROL A INPUT

12[]
]

=)
=

NC —No internal connection

PACKAGE
LINEARITY
TA ERROR CERAMIC DIP | WIDE-BODY SO
) (DW)

0.005% FS TL500CJ TL500CDW

o 0
0°C 10 70°C 0.05% FS TL501CJ TL501CDW
0.005% FS TL5001J TL500IDW

. O o,
40°C to 85°C 0.05% FS TL5011J TL501IDW

e

vee +

BUFFER OUTPUT
INTEGRATOR INPUT
INTEGRATOR OUTPUT
vee -

DIGITAL COMMON
COMPARATOR OUTPUT

Cz

Cz

vVee+

BUFFER OUTPUT
INTEGRATOR INPUT
INTEGRATOR OUTPUT
vee -

NC

DIGITAL COMMON
COMPARATOR OUTPUT

N
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TL5001, TL500C, TL501I, TL501C
ANALOG PROCESSORS

schematics of inputs and outputs

CONTROL A AND CONTROL B INPUTS COMPARATOR OUTPUT

l 200 pA J [ 100 xA —I
OUTPUT

J/J\'
h¥e

COMMON

INPUT

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

Positive supply voltage, Vcc+ (see Note 1). .. .. ... +18 V
Negative supply vOltage, VG — « -+« o v vt et e e i e -18V
Input voltage, V| ... ... .. e *Vce
Comparator output voltage range (see Note 2) . .. ........................... OV toVce+
Comparator output sink current (see Note 2) ... ........ ..ttt 20 mA
Buffer, reference, or integrator output source current (see Note 2) . ................... 10 mA
Total dissipation . . ........ ... See Dissipation Rating Table
Operating free-air temperature range: TL500I, TL5OTI ... ... ... ... .......... —40 to 85°C

TL500C, TLBO1C .. ... .o i 0°C to 70°C
Storage temperature range . . .. ... ... it e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW package........... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

NOTES: 1. Voltage values, except differential voltages, are with respect to the analog ground common pin tied together.
2. Buffer, integrator, and comparator outputs are not short-circuit protected.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
bw 1126 mW 9 mW/°C 720 mW 585 mW
J 10256 mW 8.2 mW/°C 656 mW 533 mW

2.98 | TEXAS '{?
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TL5001, TL50OC, TL501I, TL501C
ANALOG PROCESSORS

recommended operating conditions

MIN NOM MAX | UNIT
Positive supply voltage, Ve + 7 12 15 \%
Negative supply voltage, Vcc — -9 -12 -15 \
Reference input voltage, Vyef(l) 0.1 5 \
Analog input voltage, V| +5 A%
Differential analog input voltage, Vip 10 Vv
High-level input voltage, V|4 Control inputs 2 \%
Low-level input voltage, V|_ Control inputs 0.8 \
Peak positive integrator output voltage, Vom + +9 \
Peak negative integrator output voltage, VoM — -5 \Y
Full scale input voltage 2 Vief 2
Autozero and reference capacitors, Cz and Cyef ) 0.2 uF
Integrator capacitor, Cx 0.2 uF N
Integrator resistor, R 15 100 kQ ‘6;
) See (%)
Integrator time constant, RxCx -
Note 3 n
Free-air operating temperature, T, TL5001, TLEOTI —40 85 °C
A TL500C, TL501C 0 70 8
Maximum conversion rate with TL502C or TL503C 3 12.5 | conv/sec 8
system electrical characteristics at VCC+ = 12 V, Vief = 1,000 £ 0.03 mV, TA = 25°C
(unless otherwise noted) (see Figure 3)
TL501 TL500
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Zero error 50 300 10 30 nv
Linearity error relative to full scale Vi=2Vto2V 0.005 0.05 0.001 0.005 %FS
Full scale temperature coefficient 6 6 ppm/°C
~— Ta = full range
Temperature coefficient of zero error 4 1 uV/°C
Rollover errort 200 500 30 100 | auv
Equivalent peak-to-peak input noise voltage 20 20 nv
Analog input resistance Pin 1 or 2 109 109 Q
Common-mode rejection ratio Vic= -1Vto +1V 86 90 dB
Current into analog input V| = x5V . 50 50 pA
Supply voltage rejection ratio 90 90 dB
TRollover error is the voltage difference between the conversion results of the full-scale positive 2 V and the full-scale negative 2 V.
NOTE 3. The minimum integrator time constant may be found by use of the following formula:
Minimum RxCx = Vp (full scale).t1
IVom -1 = Vilpin 2)
where
V|p = voltage at pin with respect to pin 2
V|(pin 2) = voltage at pin 2 with respect to analog ground
t1 = input integration time seconds
i
EXAS 2-99
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TL500I, TL500C, TL5011, TL501C

ANALOG PROCESSORS

electrical characteristics at VCC +

= *12V, Veef = 1V, T = 25°C (see Figure 3)

integrator and buffer operational amplifiers

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Vio Input offset voltage 15 mV
Iig Input bias current 50 pA
VoM + Positive output voltage swing 9 1 \
VoM — Negative output voltage swing -5 -7 \
Avp Voltage amplification 110 dB
Bq Unity-gain bandwidth . 3 MHz
CMRR Common mode rejection Vic=-1Vto +1V 100 dB
2 SR Output slew rate 5 V/us
o comparator
9’ PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
[V} Vio Input offset voltage 15 mV
m B Input bias current 50 pA
5 Avp Voltage amplification 100 dB
(1 VoL Low-level output voltage loL = 1.6 mA 200 400 mV
2 10H High-level output current VoH = 3V 5 20 nA
(7
voltage reference output
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vref(0) Reference voltage 112 1.22 1.32 \2
Reference-voltage
V Ta = full 80 °C
Vref temperature coefficient A ull range ppm/
fo Reference output resistance 3 Q
logic control section
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
IIH High-level input current Vig =2V 1 10 pA
I Low-level input current V)L =08V -40 -300 pA
total device
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Icc+ Positive supply current 15 20 mA
Icc - Negative supply current 12 18 mA
:I
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TL5001, TL500C, TL5011, TL501C
ANALOG PROCESSORS

PARAMETER MEASUREMENT INFORMATION

12V —12Vv 5V
(16)] (12) 2
Vees Vee- k2
’93&” (1) COMPARATOR |(10)
PRECISION . ANALOG ouTPUT o MPU
VOLTAGE 100k (2) INPUTS (9) LOGIC
SOURCE CONTROL A CONTROLLER
| Y%o:m 03 mV| pep (8) (see Note C)
BE T _|REF CONTROL B
= (@)1} inpuT
7)
Cref = 1uF = | ™ BUFFER | (15) @
{see Note D) (6) OUTPUT t1 =100 ms »
Cref— Ry =27 kQ from -
8) INTEGRATOR |(14) Vip(full scate)t1 D
cz= 1wk L | INPUT RXCX = Vom—Virin2) _d:>
(see Note D) ¢, INTEGRATOR | :Zx =N1 uFD) N
17) ouTput [(13) see Note
ANALOG DIGITAL E
GND COMMON ©
5 L % 1) ()
- DIGITAL COMMON
NOTES: C. Tests are started approximately 5 seconds after power-on.
D. Capacitors used are TRW’s X363UW polypropylene or equivalent for Cx, Cyef, and Cz; however for Crof and Cz film-dielectric
capacitors may be substituted.
FIGURE 3. TEST CIRCUIT CONFIGURATION
external-component selection guide
The autozero capacitor Cz and reference capacitor Cref should be within the recommended range of
operating conditions and should have low-leakage characteristics. Most film-dielectric capacitors and some
tantalum capacitors provide acceptable results. Ceramic and aluminum capacitors are not recommended
because of their relatively high-leakage characteristics.
The integrator capacitor Cx should also be within the recommended range and must have good voltage
linearity and low dielectric absorption. A polypropylene-dielectric capacitor similar to TRW’s X363UW is
recommended for 4-1/2-digit accuracy. For 3-1/2-digit applications, polyester, polycarbonate, and other
film dielectrics are usually suitable. Ceramic and electrolytic capacitors are not recommended.
Stray coupling from the comparator output to any analog pin (in order of importance 17, 18, 14, 7, 6,
13, 1, 2, 15) must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed
at the package, for example, by a 0.01-uF ceramic capacitor.
Analog and digital common are internally isolated and may be at different potentials. Digital common can
be within 4 V of positive or negative supply with the logic decode still functioning properly.
The time constant RxCx should be kept as near the minimum value as possible and is given by the formula:
L full
Minimum RXCxX = V|p (full scale) .t1
VoM -] —Vi(pin2)
where:
V|p(full scale) = Voltage on pin 1 with respect to pin 2
t1 = Input integration time in seconds
Vi(pin2) = Voltage on pin 2 with respect to analog ground.
:i
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TL502C, TL503C
DIGITAL PROCESSORS

description of digital processors

The TL502C and TL503C are control logic
devices designed to complement the TL500 and
TL501 analog processors. They feature interdigit
blanking, over-range blanking, an internal
oscillator, and a fast display scan rate. The
internal-oscillator input is a Schmitt trigger circuit
that can be driven by an external clock pulse or
provide its own time base with the addition of
a capacitor. The typical oscillator frequency is
120 kHz with a 470-pF capacitor connected
between the oscillator input and ground.

The TL502C provides seven-segment-display
output drivers capable of sinking 100 mA and
compatible with popular common-anode
displays. The TL503C has four BCD output
drivers capable of 100-mA sink currents. The
code (see next page and Figure 4) for each digit
is multiplexed to the output drivers in phase with
a pulse on the appropriate digit-enable line at a
digit rate equal to fogc, divided by 200. Each
digit-enable output is capable of sinking 20-mA.

The comparator input of each device, in addition
to monitoring the output of the zero-crossing
detector in the analog processor, may be used
in the display test mode to check for wiring and
display faults. A high logic level (2 to 6.5 V) at
the trigger input with the comparator input at or
below 6.5 V starts the integrate-input phase.
Voltage levels equal to or greater than 7.9 V on
both the trigger and comparator inputs clear the
system and set the BCD counter to 20,000.
When normal operation resumes, the conversion
cycle is restarted at the auto zero phase.

These devices are manufactured using I12L and

bipolar techniques. The TL502C and TL503C are
characterized for operation from 0°C to 70°C.

TL502C . . . N PACKAGE

(TOP VIEW)
coNTroL B ouTPuT [1 U20[] v
D1(sB) (]2 19[] CONTROL A OUTPUT
DIGIT pD2(]3 18] 20,000t
ENABLE D3 E 4 17[]J OSCILLATOR INPUT
OUTPUTS D4[]5  16[] TRIGGER
D5 (MSB)¥ [J6 15| ] COMPARATOR INPUT
7-SEGMENT (A7  14[]G 7.SEGMENT
DRIVER B[s 1303 DRIVER
outputs L ce 12[] OUTPUTS
DIGITAL COMMON [J1o  11[]D

TL503C . . . N PACKAGE

(TOP VIEW)
conTroL B ouTPUT [t Uhe[Jvee
D1 (LsB) [J2 15[ CONTROL A OUTPUT
DIGIT D2[s  14[JOSCILLATOR INPUT
ENABLE D34 130 TRIGGER
OUTPUTS D4[]s  12[]JCOMPARATOR INPUT
D5 (MsB)* [Je 1]z
a7 10da,
DIGITAL COMMON (s 9[]a,

TPin 18 of TL502C provides an output of fosc (oscillator

frequency) + 20,000.

D5, the most significant bit, is also the sign bit.

TABLE OF SPECIAL FUNCTIONS
Veec =5V £10%

TRIGGER COMPARATOR FUNCTION
INPUT INPUT

V|<0.8 V V|<6.5 V Hold at auto-zero cycle after completion of conversion
2VsV|<6.5V V|=6.5V Normal operation (continuous conversion)
Vi<6.5V Viz7.9V Display Test: All BCD outputs high
Vi=7.9V V|<6.5V Internal Test
Both inputs to go V|=7.9 V System clear: Sets BCD counter to 20,000.
simultaneously When normal operation is resumed, cycle begins with Auto Zero.

Texas ‘Q’
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TL502C, TL503C
DIGITAL PROCESSORS

DIGIT 5 (MOST SIGNIFICANT DIGIT) CHARACTER CODES

TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES
CHARACTER 3 Q2 1
A B c D E F G e e ao
8 4 2 1
¥ H H H H L L L H L H L
+1 H L L H L L L H H H L
~ L H H L H H L H L H H
-1 L L L L H H L H H H H
DIGITS 1 THRU 4 NUMERIC CODE (See Figure 4)
TL502C SEVEN-SEGMENT LINES TL503C BCD OUTPUT LINES 2
NUMBER 2 Qo
UMBE R R c b € E G a3« Q1
8 4 2 1 ®
0 L L L L L L H L L L L -
1 H L L H H H H L L L H 8
2 L L H L L H L L L H L <
3 L L L L H H L L L H H (7))
4 H L L H H L L L H L L ©
5 L H L L H L L L H L H E
6 L H L L L L L L H H L o
7 L L L H H H H L H H H
8 L L L L L L L H L L L
9 L L L L H L L H L L H
H = high level, L = low level
schematics of inputs and outputs
COMPARATOR AND TRIGGER INPUT SEGMENT DRIVERS—TL502C
BCD DRIVERS—TL503C
--Vee Vee———
25k DISPLAY 750
-- TEST OR
SYSTEM '
25kQ $5kN CLEAR - OUTPUT
INPUT ﬂ 4 5kQ 1k82
kS
ps ‘ ~COMMON | common - ——
&
CONTROL A AND B QUTPUTS DIGIT-ENABLE OUTPUTS
Vee---—
Vee- — ’
1kQ
16.8 k2 10kQ OUTPUT
1kQ ——
OUTPUT
4.4k 5kQ
1k
COMMON ,,?, COMMON-—— — 1
*Shorted on TL503C
s R
| E 2-103
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TL502C, TL503C
DIGITAL PROCESSORS

absolute maximum ratings

sj}aays eieqg n

Operating free-air temperature

Supply voltage, Ve (see Note 4) 7 \
Oscillator 5.5
Input voltage, V| - v
Comparator or Trigger 9
BCD or Segment drivers 120
Output current Digit-enable outputs 40 mA
Pin 18 (TL502C only) 20
Total power dissipation at (or below) 30°C free-air temperature (see Note 5) 1100 mwW
Operating free-air temperature range 0to 70 °C
Storage temperature range -65 to 150 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C
NOTES: 4. Voltage values are with respect to the network ground terminal.
5. For operation above 30°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C.
recommended operating conditions
MIN NOM MAX | UNIT
Supply voltage, Vo 4.5 5 5.5 \
High-level input voltage, Vi Comparator and trigger inputs 2 \%
Low-level input voltage, V|| Comparator and trigger inputs 0.8 \"
0 70 °C

2-104
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electrical characteristics at 25°C free-air temperature

PARAMETER TERMINAL TEST CONDITIONS TL502C TL503C UNIT
MIN TYP MAX MIN TYP MAX
ViK Input clamp voltage All inputs Vee =45V, lj = -12mA -0.8 -1.5 -0.8 -1.5 Vv
VT4 f:fe‘;:’:lj‘j;%a::”t Oscillator Vee = 5V 15 1.5 v
VT - :::::::j?zﬁ:gl:pm Oscillator Ve =56V 0.9 0.9 \
V14 — V7_  Hysteresis Oscillator Ve =5V 0.4 0.6 0.8 0.4 0.6 0.8
Input current at
T4+ positive-going input Oscillator Ve =5V -40 -94 -170| -40 -94 -170 pA
threshold voltage
Input current at
IT - negative-going input Oscillator Vee =5V 40 117 170 40 117 170 rA
threshold voltage
Digit enable 4.15 4.4 4.15 4.4
VOH High-level output voltage Pin 18 (TL502C only) Vce = 4.5V, loH = 0 4.25 4.4 Vv
Control A and B 4.25 4.4 4.25 4.4
Digit enable oL = 20 mA 0.2 05
Pin 18 (TL502C only) lop = 10 mA 0.15 0.4
VoL Low-level output voltage Control A and B Vee =45V lgL = 2 mA 0.088 0.4 0.088 0.4 \
Segment drivers lgL = 100 mA 0.17 0.3
BCD drivers loL = 100 mA 0.17 0.3
1] Input current g:::::t;artor, Trigger Vece = 5.5V, Vi =55V 85 10(1) 85 10(1) :w/:
IH High-level input current Comparator, Trigger Vec =565V, V=24V —06 1 06 11 A
Oscillator 0.5 0.5
e Low-level input voltage Oscillator Vee = 6.5V, Vi =04V —01 ~047 -0 ~0.17 mA
Comparator, Trigger -1 -1.6 -1 -1.6
Digit enable Vo = 0.5V, -2.5 -4 -2.5 -4
High-level output current Pin 18 (TL502C only) Vo = 0.5V -0.5 -0.9
I0H (Output transistor off] Control A and B Vee = 45V Vo = 0.5V -0.25 -0.4 -0.256 -0.4 mA
Segment drivers Vo = 5.5V 0.25
BCD drivers Vo = 5.5V 0.25
oL :‘;z;‘t’e"r:::;:':fs;’)e"t Digit enable Vee = 45V, Vo = 355V 18 23 mA
Icc Supply current Vce Ve = 6.5V 73 110 73 110 | mA
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TL502C, TL503C

DIGITAL PROCESSORS

special functionst operating characteristics at 25 °C free-air temperature

PARAMETER

TEST CONDITIONS

MiN

TYP  MAX | UNIT

Input current into

comparator or trigger inputs

Vec =55V, V) =855V

1.2 1.8 | mA

Vcc =55V, V| =625V

0.5 | mA

TThe comparator and trigger inputs may be used in the normal mode or to perform special functions. See the Table of Special Functions.

TYPICAL APPLICATION DATA

2 I
D1 !
- :1—- 16.7 us (see Note E)
j9—316.7 us——8
9 x
8 |
|
D2
(2}
=
(1]
o
~*
® D3
D4
D5

—

NOTE E: The BCD or seven-segment driver outputs are present for a particular digit slightly before the falling edge of that digit enable.

FIGURE 4. TL502C, TL503C DIGIT TIMING WITH 120-kHz CLOCK SIGNAL AT OSCILLATOR INPUT
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TL505C
ANALOG-TO-DIGITAL CONVERTER

D2366, OCTOBER 1977 —REVISED FEBRUARY 1989

® 3-Digit Accuracy (0.1%) N PACKAGE
(TOP VIEW)
® 10-Bit Resolution
. vee 1 Uia[] zero cap 2
® Automatic Zero ANALOG IN[J2  13[] ZERO CAP 1
@ Internal Reference Voltage REF OUT[J3  12[] INTEG RES
. . REF IN [Ja  11[JINTEG IN
® Single-Supply Operation GND [Js 10[] INTEG OUT
® High-Impedance MOS Input BIN [Je 9[] GND
AN [J7 8[] comP ouT
@ Designed for Use with TMS1000 Type

Microprocessors for Cost-Effective
High-Volume Applications

® BI-MOS Technology

N

® Only 40 mW Typical Power Consumption

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

Data Sheets

description

The TL505C is an analog-to-digital converter building block designed for use with TMS1000 type
microprocessors. It contains the analog elements (operational amplifier, comparator, voltage reference,
analog switches, and switch drivers) necessary for a unipolar automatic-zeroing dual-slope converter. The
logic for the dual-slope conversion can be performed by the associated MPU as a software routine or can
be implemented with other components, such as the TL502 logic-control device.

The high-impedance MOS inputs permit the use of less expensive, lower value capacitors for the integration
and offset capacitors and permit conversion speeds from 20 per second to 0.05 per second.

The TL505C is a product of TI's BI-MOS process, which incorporates bipolar and MOSFET transistors on
the same monolithic circuit. The TL505C is 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 y}
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nn-,o VOLTAGE Loe'izgco'x ! «7)3
o REFERENCE SWITCH DRIVERS A
(72} I
> ] !
(1] } |
(4] e e ———— —_ —_——
- FULL-SCALE (5) (9) .
“» ADJUST = GND  GND
NOTE: Analog and digital GND are internally connected together.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VCC (868 NOTE 1) . . oottt e e e e e 18V
Input voltage, pins 2, 4, 6, and 7 . . .. .. ... e vece
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1150 mW
Operating free-air temperature range . . . . ....... ...ttt 0°C to 70°C
Storage temperature range .. .. .. ... ...t -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . .. ................. 260°C
NOTES: 1. Voltage values are with respect to the two ground terminals connected together.
2. For operation above 25°C free-air temperature, derate linearly to 736 mW at 70°C at the rate of 9.2 mW/°C.
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Ve 7 9 15 \%
Analog input voltage, V) 0 4 \%
Reference input voltage, Vief(l) 0.5 3 \
High-level input voltage at A or B, V|y 3.6 Vee+1 \
Low-level input voltage at A or B, V) 0.2 1.8 \%
Integrator capacitor, Cx See ‘‘component selection’’
Integrator resistor, Rx 0.5 2 MQ
Integration time, tq 16.6 500 ms
Operating free-air temperature, TA o] 70 °C
T {l’
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TL505C
ANALOG-TO-DIGITAL CONVERTER

electrical characteristics, VCC = 9 V., Vyef(l) = 1V, TA = 25°C, connected as shown in Figure 1
(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VOoH High-level output voltage at pin 8 IoH = O 7.5 8.5 \
IoH High-level output current at pin 8 VoH = 7.6V -100 rA
VoL Low-level output voltage at pin 8 loL = 1.6 mA 200 400 mV
Maximum peak output voltage
Vom swing at integrator output Rx = 500 ki Vee-2 Vee-! v
Vref(0) Reference output voltage lref = —100 pA 1.15 1.22 1.35 \%
avret Temperature coefficient of Tp = 0°C to 70°C 100 ppm/°C
reference output voltage
iy High-level input current into A or B V) =9V 1 10 pA 2
L Low-level input current into A or B Vi=1V 10 200 A
Iy Current into analog input Vi =0to4dV, Ainput at O V +10 +200 pA [7,)
B Total integrator input bias current +10 pA E;
Icc Supply current No load 4.5 8 mA Q
L
system electrical characteristics, VCC = 9 V, Vref(l) = 1V, TA = 25°C, connected as shown in "
Figure 1 (unless otherwise noted) S
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 8
Zero error Vi =0 0.1 0.4 mV
Linearity error Vi =0to4V 0.02 0.1 %FS
Ratiometric reading Vi = Vief(ly = 1V 0.998 1.000 1.002
Tel.'nperat.ure co?fficient of Vref(l) constant and = 1V, +10 ppm/°C
ratiometric reading Ta = 0°Cto 70°C

DEFINITION OF TERMS
Zero Error
The intercept (b) of the anolog-to-digital converter system transfer function y = mx + b, where y is the
digital output, x is the analog input, and m is the slope of the transfer function, which is approximated
by the ratiometric reading.
Linearity Error

The maximum magnitude of the deviation from a straight line between the end points of the transfer function.

Ratiometric Reading

The ratio of negative integration time (t2) to positive time (t1).

Xip
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TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

A block diagram of an MPU system using the TL505C is shown in Figure 1. The TL505C operates in a
modified positive-integration, three-step, dual-slope conversion mode. The A/D converter waveforms during
the conversion process are illustrated in Figure 2.

Vee

1l
1
I
(8)
A2 4 IN
/ )
|
1 MPU
S2¢ | ! | conTROLLER
|
{10k
A7)

LOGIC DECODE
AND B (6 10KR
SWITCH DRIVERS [

I
______________________ SIS
oI ENAT)]

FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF TL505C INTERFACE WITH A MICROPROCESSOR SYSTEM

VOLTAGE
REFERENCE

sjeays eieq IS

FUNCTION TABLE

A [ 1 CONTROLS ANALOG
| | A B SWITCHES CLOSED
B [ ; | E— T S1, 52
I HH 53
—Vy T S7, 54

|
|
!
|
|

|

INTEGRATOR vVi— fVo(ofs) I
OUTPUT | !

|

|

vimanny 1 18178

“ourur - MR Wmmmm AT
l

t0 —+ tq 2—t to
V1=V2-V3=V|+VQ(ofs)

FIGURE 2. CONVERSION PROCESS TIMING DIAGRAMS
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TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION (Continued)

The first step of the conversion process is the auto-zero period tQ. By the end of this period, the integrator
offset is stored in the autozero capacitor, and the offset of the comparator is stored in the integrator
capacitor. To achieve this end, the MPU takes the A and B inputs low, which closes S1 and S2. The output
of the comparator is connected to the input of the integrator through the low-pass filter consisting of Rz
and Cz. The closed loop of A1 and A2 seeks a null condition in which the offsets of the integrator and
comparator are stored in Cz and Cx, respectively. This null condition is characterized by a high-frequency
oscillation at the output of the comparator. The purpose of S2B is to shorten the amount of time required

to reach the null condition.

At the conclusion of tg, the MPU takes the A and B inputs both high, which closes S3 and opens all other

switches. The input signal V| is applied to the noninverting input of A1 through Cz. V| is then positively

N

integrated by A1. Since the offset of A1 is stored in Cz, the change in voltage across Cx is due to only
the input voltage. Since the input is integrated in a positive integration during t1, the output of A1 will

be the sum of the input voltage, the integral of the input voltage, and the comparator offset, as shown
in Figure 2. The change in voltage across capacitor Cx (Vcx) during t{ is given by

Vitq

AVCX(1) = R1Cx

where R1 = Rx + Rg3p and Rg3p is the resistance of switch S3B.

At the end of t1, the MPU takes the A input low and the B input high, which closes S1 and S4 and opens
all other switches. In this state, the reference is integrated by A1 in a negative sense until the integrator
output reaches the comparator threshold. At this point, the comparator output goes high. This change
in state is sensed by the MPU, which terminates t2 by again taking the A and B inputs both low. During
t2, the change in voltage across Cx is given by

Vreft2

AVex(2) = R2Cx

where R2 = Rx + Rs4 + Rref and Rref is the equivalent resistance of the reference divider.

Since AVCX1 = —AV(Cx2, equations (1) and (2) can be combined to give

R1-t2
R2-t1

V| = Vref

This equation is a variation on the ideal dual-slope equation, which is

12
V| = Vief =%
| ref 1

Ideally then, the ratio of R1/R2 would be exactly equal to one. In a typical TL505C system where
Rx = 1 MQ, the scaling error introduced by the difference in R1 and R2 is so small that it can be neglected,

and equation (3) reduces to (4).

xas WP
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TL505C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION (Continued)

component selection

v
o
~
o
(%2]
=3
o
o
~
7]

The autozero capacitor Cz should be within the recommended range of operating conditions and should
have low leakage characteristics. Most film-dielectric capacitors and some tantalum capacitors provide
acceptable results. Ceramic and aluminum capacitors are not recommended because of their relatively
high leakage characteristics.

The integrator capacitor Cx should also be within the recommended range and must have good voltage
linearity and low dielectric absorption. For 10-bit applications, polyster, polycarbonate, and other film
dielectrics are usually suitable. If greater precision or stability is required, a polypropylene-dielectric capacitor
similar to TRW’s X363UW might be appropriate.

Stray coupling from the comparator output to any analog pin (in order of importance, 13, 11, 10, 2, 4)
must be minimized to avoid oscillations. In addition, all power supply pins should be bypassed at the package,
for example, by a 0.01-yF ceramic capacitor.

The time constant RxCx should be kept as near the minimum value as possible and is given by the formula:

Vi(max) t1

Minimum RXCX = Gee =2 v = Vitmax)

where:

t1 = Input integration time in seconds,
Vi{max) = the maximum value of the analog input voltage,

Vce -2 V = the maximum voltage swing of the integrator input.

2-112
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TL505C
ANALOG-TO-DIGITAL CONVERTER

TYPICAL APPLICATION DATA

9V

C
Rx Hx l
ANALOG
SIGNAL OUT
INPUT comp K(X)
SEE NOTE 3
TMS1000
c TL505C L 10
2 10Kke 3: o SERIES 2
alLosic . Rg SEGMENT —
DRIVE 9
N CONTROL — oq-;
REF R9

ourt LINES DiGIT I_ I_II—I )
DRIVE L
FULL-SCALE _J_ l TIL312 LED w
ADJUST == = = DISPLAYS ©
™~
NOTE 3: Connect to either 9 V or O V depending on which device in the TMS1000 series is used and how it is programmed. [4+]

FIGURE 3. TL505C IN CONJUNCTION WITH A TMS1000 SERIES MICROPROCESSOR
FOR A 3-DIGITAL PANEL METER APPLICATION

12V 5V
I f TIS91
22kQ
14
56 0 1N914 Voo ]ENQN —— ————«Nv—————@
ANALOG comp COMP/LAMP 22k T1S91
INPUT TEST D1 \AA- T}b
out Al—pt A ¢
w  REF 8 > B f
e
0SC
TL505C 470 pF | INPUT d
TL502 ¢
GND Rx2 = b
@ \
33k
™
6.8 uF - Rx1/Cx1
/D_._C 0.22 a b c¢c d e f g DID2
” [T
- Cx2 H SEGMENT
GND GND TIL807

L

FIGURE 4. AUDIO PEAK POWER METER
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

D2503, OCTOBER 1979 —REVISED OCTOBER 1988

Low Cost P PACKAGE
. - {TOP VIEW)
7-Bit Resolution
Monotonicity Over Entire A/D Conversion ENAICBIL‘E E; o ? Ci?:EZT
Range
9 GND []3 6] Veer
Ratiometric Conversion OUTPUT [4 5| ] ANALOG INPUT
Conversion Speed . . . Approximately 1 ms
. . . FUNCTION TABLE
® Single-Supply Operation . . . Either
Unregulated 8-V to 18-V (Vcc2 Input), or ANALOG ENABLE | OUTPUT
Regulated 3.5-V to 6-V (Vgcc1 Input) INPUT CONDITION 2
12L Technol X L "
echnology V}<200 mV H L
Power Consumption at 5 V... 25 mW Typ Vramp > V|>200 mV H H 3
V|i>V H L
Regulated 5.5 V Output (<1 mA) 1= Tramp 3
TLow level on enable also inhibits the reset function. =
description H = high level, L = low level, X = irrelevant N
. _ . ~ tn. A high level on the reset pin clears the counter to zero, (1]
The TL507 is a low CO,St single-slope analog-to which sets the internal ramp to 0.75 V. internal "6
filgltal converter des:gned to convert anabg pull-down resistors keep the reset and enable pins low D
input voltages between 0.25 Vcc1 and 0.75 when not connected.

Vcc1 into a pulse-width-modulated output

code. The device contains a 7-bit synchronous

counter, a binary weighted resistor ladder network, an operational amplifier, two comparators, a buffer
amplifier, an internal regulator, and necessary logic circuitry. Integrated-injection logic (12L) technology
makes it possible to offer this complex circuit at low cost in a small dual-in-line 8-pin package.

In continuous operation, conversion speeds of up to 1000 conversions per second are possible. The TL507
requires external signals for clock, reset, and enable. Versatility and simplicity of operation, coupled with
low cost, makes this converter especially useful for a wide variety of applications.

The TL5071 is characterized for operation from —40°C to 85°C, and the TL507C is characterized for
operation from 0°C to 70°C.

functional block diagram (positive logic)

COMPARATOR 2

ANALOG (5)
INPUT

QuTPUT

COMPARATOR 1

I\I\I\ REGULATOR

(7)
Vcez
0.25 Vee . (6)
Veer
(3)
GND
Qindicates an n-p-n open-collector output.
PRODUCTION DATA documents contain information . Copyright © 1979, Texas Instruments Incorporated
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. INS’T RUMENTS 2118
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

schematics of inputs and outputs

EQUIVALENT OF ENABLE EQUIVALENT OF CLOCK EQUIVALENT OF ANALOG
AND RESET INPUTS INPUT INPUT
Veer -——-
75k _
75k e NOM
NOM INPUT —A—4 INPUT
INPUT x
) CONSTANT
7 CURRENT
~ 10 uA
OUTPUT

Veer

s199yg eieqg E

24 k2
NOM

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

Supply voltage, VCC1 (see Note 1) .. ... e 6.5V
SUPPIY VOItage, VG2 - - - vt e e e e e e e 20V
Input voltage at analog input . ... ... ... .. 6.5V
Input voltage at enable, clock, and reset inputs . ... ... ... ... .. i, +20V
On-state oUtpUt VOItAgE . . . . . .ottt e 6V
Off-state output voltage . . .. .. .. .. i e 20V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1000 mW
Operating free-air temperature range: TL507] ... ...... .. ... .. ............ -40°C to 85°C

TLEO7C .. 0 to 70°C
Storage temperature range . . . ... ...ttt ettt e -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .. ................... 260°C

NOTES: 1. Voltage values are with respect to network ground terminal unless otherwise noted.
2. For operation above 25°C free-air temperature, derate linearly to 520 mW at 85°C at the rate of 8.0 mW/°C.

(]
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TL5071, TL507C
ANALOG-TO-DIGITAL CONVERTER

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc1 3.5 5 6 \
Supply voltage, Vcc2 8 15 18 \2
Input voltage at analog input 0 5.5 \
Input voltage at chip enable, clock, and reset inputs +18 \
High-level input voltage, V|, reset and enable 2 \
Low-level input voltage, V|, reset and enable 0.8 \
On-state output voltage 5.5 \
Off-state output voltage 18 \
Clock frequency, fclock 0 125 150 kHz 2
electrical characteristics over recommended operating free-air temperature range,
Vce1 = Vee2 = 5V (unless otherwise noted) 8
. (V]
regulator section )
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT E%
Vce1  Supply voltage (output) Veceg2 = 10to 18V, Icc1 = Oto —1TmA 5 5.5 6 \
Ilcc1  Supply current Vececr =5V, Vce2 open 5 8 mA S
Icc2  Supply current Vee2 = 15V, Vet open 7 10 mA 8
inputs
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VT4 Positive-going threshold voltaget 4.5 \%
V1 - Negative-going threshold voltage‘ Clock Input 0.4 \
Vhys Hysteresis (VT4 = V1_) 2 2.6 4 \
hH High-level input current Vi 24V 17 35 pA
Reset, Enable, and Clock Vi =18V 130 220 320
I Low-level input current Vi =0 +10 nA
Iy Analog input current Vi=4V 10 300 nA
output section
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
10H High-level output current Voy = 18V 0.1 100 wA
loL Low-level output current VoL = 5.5V 5 10 15 mA
VoL  Low-level output voltage loL = 1.6 mA 80 400 mV
operating characteristics over recommended operating free-air temperature range,
Vece1 = Vegc2 = 6.12 VvV
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Overall error +80 mV
Differential nonlinearity See Figure 1 +20 mV
Zero error¥ Binary count = O +80 mV
Scale error Binary count = 127 +80 mV
Full scale input voltaget Binary count = 127 3.74 3.82 3.9 \"
Propagation delay time from reset or enable 2 us
TAll typical values are at T = 25°C.
*These parameters are linear functions of Vg1
/
2-117
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TL507I, TL507C
ANALOG-TO-DIGITAL CONVERTER

definitions

zero error

The absolute value of the difference between the actual analog voltage at the 01H-to-OO0H transition and
the ideal analog voltage at that transition.

overall error

The magnitude of the deviation from a straight line between the endpoints of the transfer function.

differential nonlinearity

. The maximum deviation of an analog-value change associated with a 1-bit code change (1 clock pulse)

N

from its theoretical value of 1 LSB.

O
9. PARAMETER MEASUREMENT INFORMATION
[
n SN74191
=2
(1]
o
prd CLOCK .
OUTPUTS|—
—] DOWN/UP
ANALOG DEVICES
SN74191 AD562
RIPPLE (or equivalent) 5k TEST
CLOCK MWV POINT
9-12
o[> CLOCK BITS TL507
4, DAC TLO81
OUTPUTS £ BITS5-8 -
¢— DOWN/UP ouT ANALOG
e INPUT
BITS 14 OUTPUT |
+
SINGLE
CLOCK > cLock
1 PULSE
SN74191
RIPPLE
CLOCK
100 kHz
cLock > CLOCK
INPUT OUIEUTS 4,1
¢—{DOWN/UP
FIGURE 1. MONOTONICITY AND NONLINEARITY TEST CIRCUIT
TeExas bi
2-118
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TL5071, TL607C
ANALOG-TO-DIGITAL CONVERTER

PRINCIPLES OF OPERATION

The TL507 is a single-slope analog-to-digital converter. All single-slope converters are basically voltage-
to-time or current-to-time converters. A study of the functional block diagram shows the versatility of
the TL507.

An external clock signal is applied through a buffer to a negative-edge-triggered synchronous counter. Binary-
weighted resistors from the counter are connected to an operational amplifier used as an adder. The
operational amplifier generates a signal that ramps from 0.75 « Vcc1 down to 0.25 « Vg 1. Comparator 1
compares the ramp signal to the analog input signal. Comparator 2 functions as a fault defector. With
the analog input voltage in the range 0.25 « Vccq to 0.75 « V1, the duty cycle of the output signal
is determined by the unknown analog input, as shown in Figure 2 and the Function Table.

For illustration, assume Vcct1 = 5.12 V,

N

0.25 . Vogp = 1.28 V %
(0.75 - 0.25) V¢ Q
1 binary count = = 20 mV i =
128 7,)
0.75 « Vcc1 — 1 count = 3.82V (o]
)
1)
The output is an open-collector n-p-n transistor capable of withstanding up to 18 V in the off state. The )
output is current limited to the 8- to 12-mA range; however, care must be taken to ensure that the output
does not exceed 5.5 V in the on state.
The voltage regulator section allows operation from either an unregulated 8- to 18-V Vg2 source or a
regulated 3.5- to 6-V V1 source. Regardless of which external power source is used, the internal circuitry
operates at Vcc1. When operating from a Vcc 1 source, VCC2 may be connected to V1 or left open.
When operating from a Vcc2 source, VCC1 can be used as a reference voltage output.
—— — 382V
____________ ANALOG INPUT
RAMP INPUT TO LEVELT
COMPARATORT | _ _ ANALOG INPUT
LEVEL 2
OUTPUT FOR
INPUT LEVEL 1
OUTPUT FOR
INPUT LEVEL 2
FIGURE 2
i
Texas b 2119
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

D2161, JUNE 1976 —REVISED OCTOBER 1986

Switch +10-V Analog Signals

TTL Logic Capability

5- to 30-V Supply Ranges

Low (100 Q) On-State Resistance
High (1011 Q) Off-State Resistance

8-Pin Functions

description

The TL601, TL604, TL607, and TL610 are a
family of monolithic P-MOS analog switches that
provide fast switching speeds with high rotf/ron
ratio and no offset voltage. The p-channel
enhancement-type MOS switches accept analog
signals up to + 10 V and are controlied by TTL-
compatible logic inputs. The monolithic structure
is made possible by BI-MOS technology, which
combines p-channel MOS with standard bipolar
transistors.

These switches are particularly useful in military,
industrial, and commercial applications such as
data acquisition, multiplexers, A/D and D/A
converters, MODEMS, sample-and-hold
systems, signal multiplexing, integrators, pro-
grammable operational amplifiers, programmable
voltage regulators, crosspoint switching
networks, logic interface, and many other analog
systems.

The TL601 is an SPDT switch with two logic
control inputs. The TL604 is a dual
complementary SPST switch with a single
control input. The TL607 is an SPDT switch with
one logic control input and one enable input. The
TL610 is an SPST switch with three logic control
inputs. The TL610 features a higher roff/ron ratio
than the other members of the family.

The TL601M, TL604M, TL607M, and TL610M
are characterized for operation over the full
military temperature range of —55°C to 125°C,
the TL601l, TL604I, TL6O71, and TL610I are
characterized for operation from —-25°C to
85°C, and the TL601C, TL604C, TL607C, and
TLB10C are characterized for operation from
0°C to 70°C.

JG OR P PACKAGE

(TOP VIEW)
TL601
eno [ UsDvees
A2 7] s2
B[]3 6[] s1
S|4 5 :] vee -
TL604
GnND [ Usvee s
A2z 70
s1[s 6[]s2
S2 |4 5 :] Vee -
TL607
GNo (v U'sd vees
A2 7 s2
ENABLE []3 6] s1
s[4 5[] vee -
TL610
GND [ 8t]Vee+
A Ez 71JcC
Bz s % S
S U4 5 vVee -
TYPICAL OF TYPICAL OF
ALL INPUTS ALL SWITCHES
Vee-
"] - vees
= Vee-

N
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TL601, TL604, TL607, TL610D
P-M0S ANALOG SWITCHES

logic symbolsT and switch diagrams

TL601

3 7
U 187,
(2) & s (4) TL602
X1 (4)
B(3) N o (7)sz A (2) 5 X1 q s2 (
@ Nl - 1—4»1—51 515 e s 1o s
s—e—{11 = (7) (4) _ - (6)
1—e»—S2 S2 —eb— 1 1|—4p—S2
FUNCTION TABLE FUNCTION TABLE
2 LOGIC INPUTS ANALOG SWITCH LOGIC INPUT ANALOG SWITCH
A B s1 s2 A s1 s2
L X OFF (OPEN) ON (CLOSED) H ON (CLOSED) OFF (OPEN)
o X L OFF (OPEN)  ON (CLOSED) L OFF (OPEN)  ON (CLOSED)
o H H ON (CLOSED) OFF (OPEN)
Q
N TL6O7 (6) g4 TLE10
> - &
g enaBLte 3L g3 sl = T
7 3
ey A {3xq n. . M sy IR X1
* @, . N|. - 1e—=5s1 v
S —&»—{11 _iNn (7)sz C'———n n
T}—4>— W p | 6) o
FUNCTION TABLE FUNCTION TABLE
INPUTS ANALOG SWITCH INPUTS ANALOG SWITCH
A ENABLE s1 s2 A B C s
X L OFF (OPEN)  OFF (OPEN) L X X OFF (OPEN)
L H OFF (OPEN)  ON (CLOSED) X L X OFF (OPEN)
H H ON (CLOSED) OFF (OPEN) X X L OFF (OPEN)
H H H ON (CLOSED)
TThese symbols are in accordance with ANSI/IEEE Std 91-1984.
TL607 logic diagram (positive logic)
(3)
ENABLE ——0——! )
s 6) o
el 1) o
— o2
(4)
s
XAS Ui
2-122
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TL601, TL604, TL607, TL610
P-M0OS ANALOG SWITCHES

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

Supply voltage, VCC + (see Note 1) ... ... . . 30V
SUPPlY VOIAGE, VO = -t vttt e e e e -30V
Vce + to Voo - supply voltage differential ... .. ... L o 35V
Control input voltage . ... ... .. ... e Vee +
Switch off-state voltage . . . .. ... .. e 30V
SWiItCh ON-State CUITENT . . . . . . . . .t i e e 10 mA

-55°C to 125°C
—25°C to 85°C
......... 0°C to 70°C
-65°C to 150°C
300°C

Operating free-air temperature range: TL601M, TL604M, TL60O7M, TL61OM . ..
TL6011, TL604I, TL607I, TLE10I
TL601C, TLB04C, TL6O7C, TL610C

Storage temperature range
Lead temperature (1,6 mm) 1/16 inch from case for 60 seconds: JG package . .. .........

N

Lead temperature (1,6 mm) 1/16 inch from case for 10 seconds: P package

[7Z]
NOTE 1: All voitage values are with respect to network ground terminal. E;
[}]
recommended operating conditions ‘-,:)
TL601M, TL604M | TL601I, TL604I TL601C, TL604C ©
TL6O7M, TL610M TL6071, TL610I TL607C, TL610C | UNIT -
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX g
Supply voltage, V¢ + (see Figure 1) 5 10 25 5 10 25 5 10 25| V
Supply voltage, V¢ — (see Figure 1) -5 -20 -25 -5 -20 -25 -5 -20 -25 \
Vce + to Ve — supply voltage differential (see Figure 1) 15 30 15 30 15 30 \2
High-level control input voltage, V|4 2 5.5 2 5.5 2 5.5 \2
Low-level control input voltage, V_ All inputs 0.8 0.8 0.8
Voltage at any analog switch (S) terminal Vee-+8 Veec+ |Vec-+8 Vee+ | Veg-+8 Vee+| V
Switch on-state current 10 10 10| mA
Operating free-air temperature, Tp ~55 125 | -25 85 (o] 70| °C
Texas W
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

electrical characteristics over recommended operating free-air temperature range, VCC+ = 10V,

s199ysg eieq m

Vee- = —20V, analog switch test current = 1 mA (unless otherwise noted)
TL6_ _M
TL6__C
PARAMETER TEST CONDITIONST TL6_ _| UNIT
MIN TYP} MAX | MIN TYP} MAX
iy  High-level input current Vi =55V 0.5 10 0.5 10 rA
L Low-level input current Vi =04V -50 ~250 -50 -250 A
. Viisw) = —10V, Ta = 25°C —400 -500 pA
| Switch off-stat t
off  Switeh otirstate curren See Note 2 Ta = MAXT 50 —100 20 20 | oA
TL6O1
Viisw) = 10V, TL604 55 100 75 200
10(sw) = =1 mA TL607
T Switch on-state resistance 11610 40 80 40 100 Q
on rest TL601
Viisw) = —10V, TLEO4 220 400 220 600
I0(sw) = =1 mA TL607
TL610 120 300 120 400
roff Switch off-state resistance 25 20 GQ
Con Switch on-state input capacitance | Viisw) = OV, f = 1 MHz 16 16 pF
Coff Switch off-state input capacitance| V|isw) = OV, f = 1 MHz 8 8 pF
TL6O1
L 60 5 10 5 10
Logic input(s) TL604
t 5.5V, b
ats.5 Enable 5 10 5 10
Icc + Supply current from Ve All switch input high TL607 mA
terminals Enable
) 3 5 3 5
open input low
TL610 5 10 5 10
TLEO1
L -1.2 -25 -1.2 -25
Logic input(s) TL6O4
at 5.5V, Enable
: . ) -25 -5 -25 -5
Icc — Supply current from Ve — All switch input high TL607 mA
terminals Enable
i -0.05 -0.5 -0.05 -0.5
open input low
TL610 -1.2 -25 -1.2 -25

TMAX is 125°C for M-suffix types, 85°C for I-suffix types, and 70°C for C-suffix types.
Al typical values are at Tp = 25°C except for loff at Ta = MAX.
NOTE 2: The other terminal of the switch under test is at Vg4 = 10 V.

switching characteristics, Vcc+ = 10V, Vgc- = =20V, Ta = 256°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
toff Switch turn-off time _ B . 400 500
ton Switch turn-on time RL = Tk CL = 35 pF, See Figure 2 100 150 ns
(]
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

Figure 1 shows power supply boundary conditions for proper operation of the TL601 Series. The range
of operation for supply Vcc + from +5 V to +25 V is shown on the vertical axis. The range of Vcc —
from —5V to —25 Vis shown on the horizontal axis. A recommended 30-V maximum voltage differential
from Vcc + to VcC — governs the maximum Vcc + for a chosen VCc — (or vice versa). A minimum
recommended difference of 15 V from VcC + to VcC — and the boundaries shown in Figure 1 allow the
designer to select the proper combinations of the two supplies.

The designer-selected VCC + supply value for a chosen VCC — supply value limits the maximum input
voltage that can be applied to either switch terminal; that is, the input voltage should be between VcC —
+8 V and VcC + to keep the on-state resistance within specified limits.

RECOMMENDED COMBINATIONS
OF SUPPLY VOLTAGES

Data Sheets H

30
25
>
é
2 20
<
s N
>
>
5 15
E] SAFE
? AREA
+ 10
Q
o
>
5
0
-30 -25 -20 -15 -10 -5 0
Vec_—Supply Voltage—V

FIGURE 1
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TL601, TL604, TL607, TL610
P-MOS ANALOG SWITCHES

PARAMETER MEASUREMENT INFORMATION

+10V

24V —-—- ——— 5V
b or —o 1 OUTPUT mpum
-0V _} RL= CL=3pF 3 NSO 4 ov
GENPg;ii'on T 1kQ /_E (See Note B) fon e Vo
920% |
(See Note A) = = OuUTPUT 10%
1k
TEST CIRCUIT Vo=(10V) ———
: - Tk +rop
NOTES: A. The pulse generator has the following characteristics:
Zout = 50 Q, ty < 15 ns, tf < 15 ns, tyy, = 500 ns. VOLTAGE WAVEFORMS
2 B. Cyi includes probe and jig capacitance.
FIGURE 2
O
Q
Yy
7 TYPICAL CHARACTERISTICS
g M-SUFFIX DEVICES M-SUFFIX DEVICES
(1] I-SUFFIX DEVICES I-SUFFIX DEVICES
a SWITCH ON-STATE RESISTANCE SWITCH ON-STATE RESISTANCE
Vs vs
SWITCH ANALOG VOLTAGE FREE-AIR TEMPERATURE
1000 \\ l I 1000
s 0 \\ " | | 700 Vifsw) = =12V
i Oflsw) = ~10 mA t V]
§ 400 10(sw) = -1 mA <:|: 400 >—V“SW) -
g | 8 T
% 200 N S 200 10V
4 9 Vi{sw) | _—
e 8 | LV | —T ]
S 100 € 100 —vysw ~ - -
iy - / {1
) | — . g 70— —
2 £ 10(sw) = =100 A — ¢ By
3 5 LVigw) =10V
5 2 _VCC+=_""; i Visw) =0V |yger=10v |
A | 10(sw) = 1 mA
10 10 L L
-15 -10 -5 0 5 10 -75 -50 =256 0 25 50 75 100 125
V| (sw)—Switch Analog Voltage—V Ta—Free-Air Temperature—"C
FIGURE 3 FIGURE 4
TEXAS bi
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

D2970, NOVEMBER 1986 —REVISED NOVEMBER 1988

® Low Clock-to-Cutoff-Frequency Ratio Error D OR P PACKAGE
TLCO4/MF4A-50 . .. £+0.8% (TOP VIEW)
TLC14/MF4A-100 ... *1% cLkin[T U 8JFALTER IN
® Filter Cutoff Frequency Dependent Only on CLKR[]2 70Vee+
External-Clock Frequency Stability Ls(]s 6| JAGND

vee-[s  s[JFLTER OUT

® Minimum Filter Response Deviation Due to
External Component Variations Over Time
and Temperature

® Cutoff Frequency Range from 0.1 Hz to
30 kHz, Vec+ = 25V

® 5-V to 12-V Operation

N

® Self Clocking or TTL-Compatible and CMOS- ﬂ
Compatible Clock Inputs 8
® Low Supply Voltage Sensitivity ﬁ
Designed to be Interchangeable with ©
National MF4-50 and MF4-100 ‘C-B‘
description o
The TLCO4/MF4A-50 and TLC14/MF4A-100 are monolithic Butterworth low-pass switched-capacitor filters.
Each is designed as a low-cost, easy-to-use device providing accurate fourth-order low-pass filter functions
in circuit design configurations.
Each filter features cutoff frequency stability that is dependent only on the external-clock frequency stability.
The cutoff frequency is clock tunable and has a clock-to-cutoff frequency ratio of 50:1 with less than
+0.8% error for the TLCO4/MF4A-50 and a clock-to-cutoff frequency ratio of 100:1 with less than +1%
error for the TLC14/MF4A-100. The input clock features self-clocking or TTL- or CMOS-compatible options
in conjunction with the level shift (LS) pin.
The TLCO4M/MF4A-50M and TLC14M/MF4A-100M are characterized over the full military temperature
range of —55°C to 125°C. The TLC04I/MF4A-50I and TLC14l/MF4A-100I are characterized for operation
from —40°C to 85°C. The TLCO4C/MF4A-50C and TLC14C/MF4A-100C are characterized for operation
from 0°C to 70°C.
functional block diagram
(7)
Vee+ LEVEL
s B ° SHIFT
crken
ckr 42
NONOVERLAPPING
CLOCK GENERATOR
%1 $2
v v
FILTER IN @ BUTTERWORTH | (5
(6) FOURTH-ORDER |—FILTER OUT
AGND - LOW-PASS FILTER
Vee -
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
current as of publication date. Products conform to y
s eduin o b 2127
necessarily include testing of A parameters. INST RUMENTS
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TLCO4/MF4A-50, TLC14/MF4A-100

BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

pin description

AVAILABLE OPTIONS

PACKAGE
TA CLOCK-TO-CUTOFF SMALL OUTLINE PLASTIC DIP
FREQUENCY RATIO (D) (P)
o°C 50:1 TLCO4CD/MF4A-50CD | TLCO4CP/MF4A-50CP
to
70°C 100:1 TLC14CD/MF4A-100CD| TLC14CP/MF4A-100CP
-40°C 50:1 TLCO4ID/MF4A-501D TLCO4IP/MF4A-501P
to
85°C 100:1 TLC14ID/MF4A-100I1D TLC14IP/MF4A-1001P
~565°C 50:1 TLCO4MP/MF4A-50MP
to
125°C 100:1 TLC14MP/MF4A-100MP

The D package is available taped and reeled. Add the suffix R to the device type (e.g.,

TLCO4CDR/MF4A-50CDR).

sj9ays eieq m

PIN

NAME NO. 1o DESCRIPTION

AGND 6 | Analog Ground — The noninverting input to the operational amplifiers of the Butterworth fourth-order low-
pass filter. )

CLKIN 1 | Clock In — The clock input terminal for CMOS-compatible clock or self-clocking options. For either option,
the Level Shift (LS) terminal is at V¢ — . For self-clocking, a resistor is connected between the CLKIN and
CLKR terminal pins and a capacitor is connected from the CLKIN terminal pin to ground.

CLKR 2 I Clock R — The clock input for a TTL-compatible clock. For a TTL clock, the level shift pin is connected
to mid-supply and the CLKIN pin may be left open, but it is recommended that it be connected to either
Vee+ or Vee--

FILTER IN 8 | Filter Input
FILTER OUT 5 O | Butterworth fourth-order low-pass Filter Output
LS 3 | Level Shift — This terminal accommodates the various input clocking options. For CMOS-compatible clocks

or self-clocking, the level-shift terminal is at Vcc — and for TTL-compatible clocks, the level-shift terminal
is at mid-supply.

Vee + 7 | Positive supply voltage terminal

Vee - 4 | Negative supply voltage terminal

2-128
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

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

Supply voltage, VCC+ (see Note 1) . . . ... e +7V
Operating free-air temperature range: TLCO4M/MF4A-50M, TLC14M/MF4A-100M —-55°C to 125°C
TLCO4I/MF4A-50l, TLC14I/MF4A-1001 . .. .. —40°C to 85°C
TLCO4C/MF4A-50C, TLC14C/MF4A-100C. . . .. 0°C to 70°C
Storage temperature range . . . . ... ... ..ttt -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 the AGND terminal.

recommended operating conditions

N

TLCO4/MF4A-50 TLC14/MF4A-100 uNIT
MIN MAX MIN MAX n
Vcc+  Positive supply voltage 2.25 6 2.25 6 \% ‘q's
Vcc -~ Negative supply voltage -2.25 -6 -2.25 -6 \Y T}
\m High-level input voltage 2 2 \] K
ViL Low-level input voltage 0.8 0.8 i %]
Vecs = £25V 5 1.5x106 5 1.5x106 1]
fclock  Clock frequency (see Note 2) = Hz -t
Vecs = £5V 5 2x106 5 2x106 1]
foo Cutoff frequency (see Note 3) 0.1 40x103 | 0.05 20x103 | Hz a]
TLCO4M/MF4A-50M,
-55 125 -55 125
TLC14M/MF4A-100M
T Operating free-air t t TLCOAIMP4A-5OL 40 85 40 85 | °C
ating free-air temperature - -
A perating iree-air temperatu TLC141/MF4A-100I
TLCO4 F4A-50C,
LCOo4C/M 0C 0 70 o 70
TLC14C/MF4A-100C
NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle
while processing analog samples.
3. The cutoff frequency is defined as the frequency where the response is 3.01 dB less than the dc gain of the filter.
X3
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TLC04/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

electrical characteristics over recommended operating free-air temperature range, VcC+ = 2.5V,
VCC- = -2.5V, fclock = 250 kHz (unless otherwise noted)

filter section

TLCO04/MF4A-50 TLC14/MF4A-100
T N N NI
PARAMETER EST CONDITIONS MIN_ TYPT MAX | MIN_ TVPT MAX UNIT
Voo Output voltage offset 25 50 mV
VoM + 1.8 2 1.8 2
\ Peak output volt ] RL = 10k \
OMm  Feak output voltages VoM - L “125 -7 125 17
Source Ta = 25°C, -0.5 -0.5
_circui A
los  Short-circuit output current Sink See Note 4 n 2 m
lcc  Supply current fclock = 250 kHz 1.2 225 1.2 225 mA

NOTE 4: Ipg (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative
supply (Ve ) terminal. Igg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting
the output to the positive supply (Vcc 4+) terminal.

operating characteristics over recommended operating free-air temperature range, VCC+ = 2.5V,
Vce - = —2.5V (unless otherwise noted)

TLCO4/MF4A-50

TLC14/MF4A-100

feedthrough voltage

PARAMETER TEST CONDITIONS UNIT
MIN TYPT MAX MIN TYPT MAX
Maximum clock frequency, fmax See Note 2 1.5 3 1.5 3 MHz
lock-to-cutoff-f i
Clock-to-cutoff-frequency ratio folock < 250 kHz, Ta = 25°C |49.27 50.07 50.87| 99 100 101
(felock/fco
Temperature coefficient of
f =< 250 kH +26 +25 /°C
clock-to-cutoff frequency ratio clock z ppm
foo = 5 kHz, f=6kdHz | -7.9 ~7.57 -7.1
folk = 250 kHz, dB
Frequency response above and below| Tp = 25°C f=45kHz | -1.7 -1.46 -1.3
cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 kHz ~7.9 -7.42 -7.1
folk = 250 kHz, dB
Tp = 25°C f = 2.25 kHz -1.7 -1.51 -1.3
Dynamic range (see Note 6) Ta = 25°C 80 78 dB
Stop-band f
op-band Trequency folock < 250 kHz 24 25 24 25 )
attentuation at 2 foo
DC voltage amplification fclock = 260 kHz, RS =< 2kQ [-0.15 0 0.15({-0.15 0 0.15 dB
Peak-to-peak clock
ean-topedk ol TA = 25°C 5 5 mv

T All typical values are at Tp = 25°C.
NOTES: 2.

while processing analog samples.

5
6.

. The frequency responses at f are referenced to a dc gain of O dB.
The dynamic range is referenced to 1.06 V rms (1.5 V peak) where the wideband noise over a 30-kHz bandwidth is typically

106 pV rms for the TLCO4/MF4A-50 and 135 uV rms for the TLC14/MF4A-100.

Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle

2-130
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

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

filter section

PARAMETER TEST CONDITIONS |— -C0d/MF4A-50 TLCT4/MPAA100_| iy
MIN  TYPT  mMAX | MIN TYPT  MmAX

Voo Output voltage offset 150 200 mV
Vowm Peak output voltages VoM + RL = 10 k@ 375 43 375 45 v

VoM - -3.75 -4.1 -3.75 -4.1
los Short-circuit output current Source Ta = 25°C, -2 -2 mA

Sink See Note 4 5 5
lcc  Supply current fclock = 250 kHz 1.8 3 1.8 3 mA 2
ksys Supply voltage sensitivity (see Figures 1 and 2) -30 -30 dB

NOTE 4: Igs (source current) is measured by forcing the output to its maximum positive voltage and then shorting the output to the negative 3
supply (V¢ - ) terminal. Igg (sink current) is measured by forcing the output to its maximum negative voltage and then shorting @
the output to the positive supply (Vcc 4 ) terminal. (<))

L
clocking section n
©
PARAMETER TEST CONDITIONS* MIN TYPT MAX UNIT *c-“'
. - Vecc+ =10V, Veeg- =0 6.1 7 8.9
VT4 Positive-go t threshold voltage v (@]
T+ Positive-going input threshold voltag Voos =5V, Voo =0 37 35 W)
: o . Vee+ =10V, Veec- =0 1.3 3 3.8
VT - Negative-goin t threshold voltage| CLKIN \
T - Negative-going input thr 9 Vees =5V, Vee- =0 06 15 19
) Vece+ =10V, Veg- =0 2.3 4 7.6
V| Hyst \ - V- Vv
hys Hysteresis (VT4 - V) Vecr =5V, Vee- = 0 1.2 2 38
VoH High-level output voltage Vee = 10V, 10 4A 9 v
1 -levi u Vi = -
OH Hig P g Voe =5V (o} # %5
V Low-level output voltage Vee = 10V o = 10 pA ! \
oL P g Vog =5V 0 = W 05
A\ = 10 V|Level Shift pin at mid- ly, 2
Input leakage current CLKR cc eV "t pin at mic-supply A
Vee =5V |Ta = 25°C 2
Vee = 10 V| CLKR and CLKIN -3 -7
Output current mA
Vece = 6V |shorted to Voo — -0.75 -2
A\ = 10 V| CLKR and CLKIN 3 7
Output current cc an mA
Vce = 5V |shorted to Veg + 0.75 2
TAll typical values are at Tp = 25°C.
*Vee = Vee+ - Vee--
Texas W
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

operating characteristics over recommended operating free-air temperature range, VcC+ = 5V,
Vcc - = -5V (unless otherwise noted)
TLCO4/MF4A-50 TLC14/MF4A-100
PARAMETER TEST CONDITIONS UNIT
MmN TYPT mAax| MmN TYPT MAX
Maximum clock frequency, fmax 2 4 2 4 MHz
(see Note 2)
Clock-to-cutoff-frequency ratio
fclock = 250 kHz, Tp = 25°C [49.58 49.98 50.38 99 100 101
(felock/feo!
Temperature coefficient of
f =< 250 kH +156 +15 /°C
clock-to-cutoff frequency ratio clock ‘ pem
foo = 5 kHz, f=6kdz | -7.9 ~7.57 7.1
folk = 250 kHz, dB
Frequency response above and below| Tp = 25°C f = 4.5 kHz -1.7 -1.44 -13
cutoff frequency (see Note 5) fco = 2.5 kHz, f = 3 KHz ~7.9 -7.42 -7.1
felk = 250 kHz, dB
Ta = 25°C f = 2.25 kHz -1.7 =151 -1.3
Dynamic range (see Note 7) Ta = 25°C 86 84 dB
Stop-band fi
op-band frequency folock < 250 kHz 24 25 24 25 8
attentuation at 2 foq
DC voltage amplification fclock < 250 kHz, RS =< 2k [-0.15 0 0.15]|-0.15 0 0.15 dB
Peak-to-peak clock
eak-topeat cloc Ta = 25°C 7 7 mv
feedthrough voltage

T All typical values are at Tp = 25°C.

NOTES: 2. Above 250 kHz, the input clock duty cycle should be 50% to allow the operational amplifiers the maximum time to settle
while processing analog samples.

5. The frequency responses at f are referenced to a dc gain of O dB.

7. The dynamic range is referenced to 2.82 V rms (4 V peak) where the wideband noise over a 30-kHz bandwidth is typically

142 pV rms for the TLCO4/MF4A-50 and 178 pV rms for the TLC14/MF4A-100.
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

Filter Output—dB

Filter Output—dB

TYPICAL CHARACTERISTICS

FILTER OUTPUT
vs

SUPPLY VOLTAGE Vcc + RIPPLE FREQUENCY

-1

-2

-3

ao N

-5

-60

0

Vecec+ = 5V + 50-mV sine wave
(0 to 40 kHz)

0rVec- = -5V
Filter In at O V

. felock = 250 kHz

(o]

/\(

0

0 5 10 15 20 25 30

35 40

Supply Voltage Vcc + Ripple Frequency —kHz

FIGURE 1

FILTER OUTPUT
Vs

SUPPLY VOLTAGE Vcc - RIPPLE FREQUENCY

0
Vee+ =
Vee- =

5V
-5V + 50-mV sine wave
(0 to 40 kHz)

-10f

-20

-30 / ¥\//’_—

-40

-50

-60

Filter In at O V
fclock = 250 kHz

0 5 10 15 20 25 30

35 40

Supply Voltage V¢ - Ripple Frequency —kHz

FIGURE 2

N
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TLCO4/MF4A-50, TLC14/MF4A-100

BUTTERWORTH FOURTH-ORDER LOW-PASS

SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

5V
r Vee+ LEVEL
@lis _ SHIFT |
]
—-—=+5V l
cMOS (1 leLkin |
CLKIN |
-5V 2V cLkr |
| |
2 | NONOVERLAPPING |
| CLOCK GENERATOR |
O 81 62
2 | L 4 |
o @leLrer v BUTTERWORTH F"_TERI(S)
(7)) © )l acnD FOURTH-ORDER
> 0 Low-pass FiLTER | OYT I
[4] =
Vee -
o Lo Mo __ 1
7 '|T4)
-5V
FIGURE 3. CMOS-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
5V
R
r Vee+ LEVEL A
@lis _ SHIFT |
L [ |
(mjcuan |
-—5V 0 |
TTL (2)1 CLKR
CLKR |
ov ' l
| NONOVERLAPPING I
| CLOCK GENERATOR |
61 02
: A\ 4 v .
(8)| FILTER IN
BUTTERWORTH | . o l(s)
&)l agnD FOURTH-ORDER ;
I Low-PASS FILTER | OUT I
- Vee-
I -1 N |
4)
-5V
FIGURE 4. TTL-CLOCK-DRIVEN, DUAL-SUPPLY OPERATION
/]
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

FIGURE 5.

TYPICAL APPLICATION DATA

5V
Lo
-—— —— — B p——
r Vee+ LEVEL |
3)1Ls _ SHIFT I
| [
(I CLKIN
inp |
'5"'(2)ICLKR |
A ! |
T | NONOVERLAPPING I
= I CLOCK GENERATOR |
I 01 62 I
v v |
FILTER @FLTER IN
INPUT BUTTERWORTH FILTER | (5)
| FOURTH-ORDER f—em—r
(6)] AGND
LOW-PASS FILTER | OUT |
L1
L vee-, 4
(4)
-5V
; 1
clock = HC xn (Vcc - VT_> (VT+>'
Vee - VT1+ V-
ForVgc = 10V,
f -1
clock = 7759 RC

SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, DUAL-SUPPLY OPERATION

Data Sheets E
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

TYPICAL APPLICATION DATA

+10V
r Vee+ LEVEL
3l . SHIFT |
] o
-=-+10V l
cMOS mlcin |
CLKIN | |
ov
(SEE NOTE A) I |
2 —— -5V NONOVERLAPPING |
2
T @ | cke CLOCK GENERATOR I
) CLKR |
N ov S »1 $2 |
= 10 kQ %; A Y |
o |
0 FILTER IN-E\5~5 VOC & PLTER BUTTERWORTH | py 1gp | (5)
(SEE NOTE B) ! ano FOURTH-ORDER  I—G5r7—
g o] LOW-PASS FILTER i
® Vee -
by 3 | <
°"’|: 210k (4)
uF ttsse NOTE C)

e

NOTES: A. The external clock used must be of CMOS level because the clock is input to a CMOS Schmitt trigger.
B. The Filter input signal should be dc-biased to mid-supply or ac-coupled to the terminal.
C. The AGND terminal must be biased to mid-supply.

FIGURE 6. EXTERNAL-CLOCK-DRIVEN SINGLE-SUPPLY OPERATION
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

+10V

TYPICAL APPLICATION DATA

Lo _
:— Vee + —:
LEVEL
3]s - SHIFT |
|
(1) | CLKIN |
' |
R | 2 | ckr I
s |
;D | NONOVERLAPPING |
L I CLOCK GENERATOR |
1
ok 3 | " > |
| A\ 4 Y l
(8) | FILTER IN SUTTERWORTH FIéJiR Lo,
6) | AGND FOURTH-ORDER
LOW-PASS FILTER |
) I ]
0.1 uF | —_—— - e
310k (4)
{ (SEE NOTE A)

1
felock = R % (Vcc - v1_> (vn)'
Vee - Vr+/ \Vr-

For Vcc = 10V,

1
felock = 753Re

NOTE A: The AGND terminal must be biased to mid-supply.

FIGURE 7. SELF-CLOCKING THROUGH SCHMITT-TRIGGER OSCILLATOR, SINGLE-SUPPLY OPERATION

xas WP
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TLCO4/MF4A-50, TLC14/MF4A-100
BUTTERWORTH FOURTH-ORDER LOW-PASS
SWITCHED-CAPACITOR FILTERS

s}aays eieQ m ,

TYPICAL APPLICATION DATA

5V
________ o ____
r Vee+ -:
l LEVEL l
(3) ILs o d SHIFT |
|
cLOCK (1) | cLkin D° :
INPUT 1
(2) | CLKR l/ |
' |
| NONOVERLAPPING |
| CLOCK GENERATOR |
' y¢1 2 I
[} Yz v
® | Firer v Prrr— FI&T;R=
6) | aGnD FOURTH-ORDER (5)
l LOW-PASS FILTER '
10 k2 S |
i b e e e Ve o e e -
T 0.1 4F —{(4»
-5V L

FIGURE 8. DC OFFSET ADJUSTMENT
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

D2952, AUGUST 1986 —REVISED NOVEMBER 1988

® Maximum Clock to Center-Frequency Ratio
Error
TLC10 ... *0.6%
TLC20 ... £1.5%

® Filter Cutoff Frequency Stability Dependent
Only on External-Clock Frequency Stability

® Minimum Filter Response Deviation Due to
External Component Variations over Time
and Temperature

® Critical-Frequency Times Q Factor Range Up
to 200 kHz

Critical-Frequency Operation Up to 30 kHz

Designed to be Interchangeable with:
National MF10
Maxim MF10
Linear Technology LTC1060

description

The TLC10/MF10A and TLC20/MF10C are
monolithic generai-purpose switched-capacitor
CMOS filters each containing two independent
active-filter sections. Each device facilitates
configuration of Butterworth, Bessel, Cauer, or
Chebyshev filter design.

Filter features include cutoff frequency stability
that is dependent only on the external clock
frequency stability and minimal response
deviation over time and temperature. Features
also include a critical-frequency times filter
quality (Q) factor range of up to 200 kHz.

With external clock and resistors, each filter
section can be used independently to produce
various second-order functions or both sections
can be cascaded to produce fourth-order
functions. For functions greater than fourth-
order, ICs can be cascaded.

The TLC10/MF10A and TLC20/MF10C are
characterized for operation from 0°C to 70°C.

N DUAL-IN-LINE PACKAGE

(TOP VIEW)
1wpr Uz20]21p
18P (]2 19[]2BP
1NAH 3 18[] 2NAH
1UN- s 702N~
1APIN[]s  16[]2APIN
sw(le  15[]JAGND
vee+ O 14%Vc04
vop+ {8 130Vpp-
Lse 2[jcrecL
1CLK[Jro 11[J2cLK

FN CHIP CARRIER PACKAGE

(TOP VIEW)
z
zZ85%5%
- =-a N
2019
1IN - 2NAH
TAPIN 2IN -
SW 2APIN
Vee + AGND
VDD + vee-
fK¥%o
°Q5 8
© =
AVAILABLE OPTIONS
PACKAGE
T, MAX CHIP CARRIECR AI?LASTIC DIP
A
f /fc ERROR
clock (FN) N)
TLC10CFN TLC10CN
0o¢C +0.6% or or
© MF10ACFN MF10ACN
70°C TLC20CFN TLC20CN
+1.5% or or
MF10CCFN MF10CCN

N

Data Sheets

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
spac‘iific:tinns per the terms of Texas Instruments
standar Producti

i
Pr ing does not TEXAS b
necessarily include testing of all parameters. INSTRUM ENTS

Copyright © 1986, Texas Instruments Incorporated
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

PIN

NAME T NO. [[[¢] DESCRIPTION

AGND 15 | Analog Ground — The noninverting inputs to the input operational amplifiers of both filter sections. This terminal
should be at ground for dual supplies or at mid-supply level for single-supply operation.

1APIN 5 | All-Pass Inputs — The all-pass input to the summing amplifier of each respective filter section used for all-pass

2APIN 16 filter applications in configuration modes 1a, 4, 5, and 6. This terminal should be driven from a source having
an impedance of less than 1 kQ. In all other modes, this terminal is grounded. See Typical Application Data.

1BP 2 (o] Band-Pass Outputs — The band-pass output of each respective filter section provides the second-order band-
2BP 19 pass filter functions.

CF/CL 12 | Center Frequency/Current Limit — This input terminal provides the option to select the input-clock-to-center-
frequency ratio of 50:1 or 100:1 or to limit the current of the IC. For a 50:1 ratio, the CF/CL terminal is set

2 to Vpp + . For a 100:1 ratio, the CF/CL terminal is set to ground for dual supplies or to mid-supply level for
single-supply operation. For current limiting, the CF/CL terminal is set to Vpp — . This aborts filtering and limits
the IC current to 0.5 milliamperes.

g 1CLK 10 1 Clock Inputs — The clock input to the two-phase nonoverlapping generator of each respective filter section

~+ 2CLK 1 is used to generate the center frequency of the complex pole pair second-order function. Both clocks should

o be of the same level (TTL or CMOS) and have duty cycles close to 50%, especially when clock frequencies

92} (felock) greater than 200 kHz are used. At this duty cycle, the operational amplifiers have the maximum time

g to settle while processing analog samples.

(47} 1IN~ 4 | Inverting Inputs — The inverting input side of the input operational amplifier whose output drives the summing

a 2IN - 17 amplifier of each respective filter section.

;t; 2; o Low-Pass Outputs — The low-pass outputs of the second-order filters.

Ls 9 1 Level Shift — This terminal accommodates various input clock levels of bipolar (CMQOS) or unipolar (TTL or
other clocks) to function with single or dual supplies. For CMOS (+ 5-volt) clocks, Vpp — or ground is applied
to the LS terminal. For TTL and other clocks, ground is applied to the LS terminal.

INAH 3 (o] Notch, All-Pass, or High-Pass Outputs — The output of each respective filter section can be used to provide

2NAH 18 either a second-order notch, all-pass, or high-pass output filter function, depending on circuit configuration.

SwW 6 | Switch Input — This input terminal is used to control internal switches to connect either the AGND input or
the LP output to one of the inputs of the summing amplifier. The terminal controls both independent filter sections
and places them in the same configuration simultaneously. If V¢ — is applied to the SW terminal, the AGND
input terminal will be connected to one of the inputs of each summing amplifier. If V¢ 4+ is applied to the
SW terminal, the LP output will be connected to one of the inputs of the summing amplifier.

Vee + 7 Analog positive supply voltage terminal

Vee - 14 Analog negative supply voltage terminal

VpD + 8 Digital positive supply voltage terminal

Vpp — 13 Digital negative supply voltage terminal

TExas {"
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

functional block diagram

(10)

1CLK I o1
Ls (9) — NONOVERLAPPING

12 2
CF/CL( ) CONTROL CLOCK GENERATOR ’_4’_

(4)

IN -

(15) >
AGND v

(3)
(2)

TNAH

1BP

D> I L] /b

1APIN
(1)

- + + 1Lp
N j
sw 18
_¥

(11)

2CLK h 61
- | NONOVERLAPPING

Data Sheets H

2
prv— CLOCK GENERATOR _a;
(17)
2IN -
NG o 08) oAk
b’ (19)
2BP
., D L | /D> L] /o
(16)
2APIN -
- + + 200 ,p
. -
l__ N
T {IP
EXAS 2-141
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

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

Analog supply voltage, VCCc+ (see Note 1) . ... . ... ... . . +7V
Digital supply voltage, VDD + ... .......... ... .iiinitiiai 7V
Operating free-air temperature range . . . . . . . ...ttt it 0°C to 70°C
Storage temperature range . .. . ... ... .t i it —~65°C to 160°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package ... ... .. 260°C
NOTE 1: All voltage values are with respect to the AGND terminal.
recosiimended operating conditions
MIN NOM MAX | UNIT
2 Analog supply voltage, Vcc +, (see Note 2) +4 +5 +6 \Y
Digital supply voltage, Vpp +. (see Note 2) +4 +5 +6 \%
Clock frequency, fglock. (see Note 3) 0.008 1.0 MHz
E Operating free-air temperature, TA [¢] 70 °C
8 NOTES: 2. A common supply voltage source should be used for the analog and digital supply voltages. Although each has separate terminals,
they are connected together internally at the substrate. Vcc 4+ and Vpp + can be connected together at the device terminals
wn or at the supply voltage source. The same is true for Vcc — and Vpp —.
cc DD
= 3. Both input clocks should be of the same level type (TTL or CMOS), and their duty cycles should be at 50% above 200 kHz
g to allow the operational amplifiers the maximum time to settle while processing analog samples.
& electrical characteristicsatVcCc+ = 25V, Vpp+ + = x5V, TA = 25°C (unless otherwise noted)
PARAMETER TEST CONDITIONS TLCIO/MFI0A TLC20/MFT0C UNIT
MIN  TYP MAX | MIN TYP MAX
Maxim k-to-peak output
Vorp um peak-to-peaic outpu RL = 3.5kRatalloutputs | +4 4.1 +38 3.9 v
voltage swing
Short-circuit output So 2 2
los or' cnrmA.u outpu : urce See Note 4 mA
current, Pins 3 and 18 | Sink 50 50
Icc Supply current . 8 10 8 10 mA
NOTE 4: The short-circuit output current for pins 1, 2, 19, and 20 will be typically the same as pins 3 and 18.
operating characteristics at Vgc+ = *5V,Vpp+ = x5V, TA = 25°C (unless otherwise noted)
TLC10/MF10A TLC20/MF10C
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX MIN TYP MAX
Critical-frequency range fo x Q = 200 kHz 20 30 20 30 kHz
Maximum clock
See Note 3 1 1.5 1 1.5 MHz
frequency,. feiock
Clock to center-frequency |fy < 6 kHz, R3/R2 = 10,{Pin 12 at 5V [49.64 49.94 50.24 {49.24 49.94 50.64
ratio Mode 1, See Figure 1 |Pin 12 at OV |98.76 99.35 99.95 {97.86 99.35 100.84
Temperature coefficient of | fo < 5 kHz, R3/R2 = 20,(Pin 12 at 5 V +10 +10 Joc
center frequency Mode 1, See Figure 1 |Pin 12 at O V + 100 + 100 pem
Filter Q (quality factor) fo = 5 kHz, R3/R2 = 20,|Pin 12 at 5 V +2% +4% +2% 6%
deviation from 20 Mode 1, See Figure 1 |Pin 12 at O V +2% +3% +2% +6%
Temperature coefficient of | fo < 5 kHz, R3/R2 = 20, 500 500 oc
+ +
measured filter Q Mode 1 B - ppm/
Low-pass output deviation | R1 = R2 = 10 kQ
K . ) +2% +2%
from unity gain Mode 1, See Figure 1
Crosstalk attenuation 60 60 dB
Clock feedthrough voltage 10 10 mV
Operational amplifier 25 25 MH
gain-bandwidth product ' ' z
Operational amplifier
7 7 Vips
slew rate
XAS .
2-142 l
NSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

modes of operation

TYPICAL APPLICATION DATA

The TLC10/MF10A and TLC20/MF10C are switched-capacitor (sampled-data) filters that closely
approximate continuous filters. Each filter section is designed to approximate the response of a second-
order variable filter. When the sampling frequency is much larger than the frequency band of interest, the
sampled-data filter is a good approximation to its continuous time equivalent. In the case of the
TLC10/MF10A and TLC20/MF10C, the ratio is about 50:1 or 100:1. To fully describe their transfer function,
a time domain approach would be appropriate. Since this may appear cumbersome, the following application
examples are based on the well known frequency domain. It should be noted that in order to obtain the

actual filter response, the filter’s response must be examined in the z-domain.

fotock % TLC10/MF10A, TLC20/MF10C
rr_ - ——-"
Vi | 61 |
CLK NONOVERLAPPING
‘ém | CLOCK GENERATOR |22 I
IN -
iAGND > * NAHI
L |
| BPI
| |
| LID /> /o |
APIN ~
< | |
' u - + +

V-

e AAA

fo = fclock/100 or felock/50
fnotch = fo

HoLp = —R2/R1 (as f —~ 0)
Hogp = —R3/R1 (atf = f4)
Hon = notch gain{
Q = fo/BW = R3/R2

Circuit dynamics:

as f approaches O —R2/R1
as f approaches 0.5 fgjock

NOTCH OUT

BAND-PASS OUT

LOW-PASS OUT

N

Data Sheets

The following expressions determine the swing at each output as a function of the desired Q of the second-order function.

HoLp = Hopp/Q or HoLp x Q =

Hon x Q

HoLp (peak) = Q x Hgyp (for high Qs)

FIGURE 1. MODE 1 FOR NOTCH, BAND-PASS, AND LOW-PASS OUTPUTS: fhotch = fo

{if
Texas
INSTRUMENTS
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

f°'°°"'_ % TLC10/MF10A, TLC20/MF10C
—_—— e — e
e NONOVERLAPPING |- |
| CLOCK GENERATOR |-*2 I
illl\“G_ND :\ TS van|
Inhendl I
I BPI
| I
QU) I LE D o I l
2oy APIN | ~
o | _ . LPl
g l L — l R3
- | e
3 =R R
| I
L - - —_

fo = felock/100 or feock/50
Q = R3/R2

Hop = -1 Horp (peak) = Q x Hopp (for high Qs)
Hogp1 /R2

Hosp2

Circuit dynamics:
Hosp1 = Q

1 (noninverting)

NONINVERTING
BAND-PASS OUT (BP2)

BAND-PASS OUT (BP1)

LOW-PASS OUT

FIGURE 2. MODE 1a FOR NONINVERTING BAND-PASS AND LOW-PASS OUTPUTS

2-144
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock % TLC10/MF10A, TLC20/MF10C
[____————_————ﬁ
Vi I 01 |
| CLK NONOVERLAPPING
$R1 l CLOCK GENERATOR .ﬂi l
IN-
iAGND > * NAH' NOTCH OUT
L |
: BP: BAND-PASS OUT 2
| LD IR \‘ > [ a
APIN ~ t L___ 8
£ ] B g ¥ Lpl <
_ + + LOW-PASS OUT n
| L= ~ 'Ra ®
Vpp +_I.iv!_ A I %E :&RZ {R4 ‘.‘E
I m I T :; D
| L]
L - - - — Y —_—

fo = fnotch x yR2/R4 + 1

frotch = felock/100 or felock/50

_ YR2/R4 + 1
Q= R2/R3
- R2/R1
HoLp (as f approaches 0) = Ra 11
Hopp (at f = f5) = —R3/R1
HoN1 (as f approaches 0) = L
R2/R4 + 1
HoN2 (as f approaches 0.5 fgiock) = —R2/R1

Circuit dynamics:

Hoep = Q yHoLp x Hon2 = Q yHon1 x Hon2

FIGURE 3. MODE 2 FOR NOTCH 2, BAND-PASS, AND LOW-PASS OUTPUTS: fnotch ( fo

{i’
Texas 21
INSTRUMENTS -145

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

f,
clock % TLC10/MF10A, TLC20/MF10C
r———_——— ——_ — ="
vy I 61 |
| CLK NONOVERLAPPING
E;m I CLOCK GENERATOR L"_Z_ I
JIN-
N NAH
TagnD +\ * I NOTCH OUT
L { |
2 | ol
' | BAND-PASS OUT
O
o | P o L | /> [
s APIN, _ L
4 ] el
(7, I - + + LOW-PASS OUT
g L Iaa -
1] V| ,_I___SW S |r2| I
a DD ~__ | ;: (E R4 |
' — I b3 s |
>
I | ) *cﬁ
1
L o e ] |
|
2
fo = (fclock/100 or felock/50) yﬁﬁ/ﬂtl
Q= m x R3/R2
HoHp (as f approaches 0.5 fcjock) = —R2/R1
HoLp (as f approaches 0) = —R4/R1

Hogp (at f = fo) = —-R3/R1

Circuit dynamics:

R2/R4 = Howp/HoLp: Hosp = yHOHP X HOLP X Q

HoLp (peak) = Q x Hgyp (for high Qs)
HoHp (peak) = Q x Hpopp (for high Qs)

TIn this mode, the feedback loop is closed around the input summing amplifier; the finite GBW product of this operational amplifier will
cause a slight Q enhancement. If this is a problem, connect a low-value capacitor (10 pF to 100 pF) across R4 to provide some phase lead.

FIGURE 4. MODE 3 FOR HIGH-PASS, BAND-PASS, AND LOW-PASS OUTPUTS

{ip
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

©—ANA
\-

TYPICAL APPLICATION DATA

felnck o __ __ A TLCI0/MF10A, TLC20/MF10C
— —_——_——— =
I CLK NONOVERLAPPING ! I
g R1 I CLOCK GENERATOR _0: I
IN -
AGND + —9 NAHl
7] ' [
| BPI
I I BAND-PASS OUT 2
APIN ' P e ] e | Wi h EXTERNAL 2]
T T - L | A OPERATIONAL "5
: : + s el LT a3
| L I Rg <
R
vop -3 | % R2| 2]
N N 1 34 ©
| I ] 3 3 -
p: LOW-PASS OUT [+
'l_ l ()
— e e

fo = (felock/100 or feiock/50) VRZIRE

Q = JR2/R4 x R3/R2

Honp = —R2/R1

Hogp = —R3/R1

HoLp = —R4/R1

frotch = (felock/100 or feiock/50) VRA/RI

Hon (at f = fg) = | Q (Rg/Ri x HoLp — Rg/Rh x HOHP) |
Hon1 (as f approaches 0) = Rg/Ri x HoLp

Honz (as f approaches 0.5 fgiock) = —Rg/Rh X Honp

FIGURE 5. MODE 3a FOR HIGH-PASS, BAND-PASS, LOW-PASS, AND
NOTCH OUTPUTS WITH EXTERNAL OPERATIONAL AMPLIFIER

i
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock
v % TLC10/MF10A, TLC20/MF10C
| I__-—_.__________.__._‘
all o |
L CLK NONOVERLAPPING
2R 62
3 I CLOCK GENERATOR
IN ~
4
laGnD ;\ ° NA“' ALL-PASS OUT
Ny q |
2 l B
l : BAND-PASS OUT
O | LD I L] /> |
8 APIN |
[ | LP|
_ + + LOW-PASS OUT
g-) I 1 PN | s
R
® Vop+ |3 %% |2
D e <
~* _J\_ ‘:
7 | | s
fo = fclock/100 or fgock/50
f, = fol
Q = fo/BW = R3/R2
Q, = R3/R1
Hoap (at 0 = f < 0.5 fgjoek) = —R2/R1 = -1
(for AP output R1 = R2)
HoLp (as f approaches 0) = —(R2/R1 + 1) = -2
Hogp (at f = fo) = —R3/R2 (R2/R1 + 1) = -2 (R3/R2)

Circuit dynamics:
Hogp = HoLp x Q = (Hpap + 1) Q

TDue to the sampled-data nature of the filter, a slight mismatch of f, and fo occurs causing a 0.4-dB peaking around fg of the all-pass
filter amplitude response (which theoretically should be a straight line). If this is unacceptable, Mode 5 is recommended.

FIGURE 6. MODE 4 FOR ALL-PASS, BAND-PASS, AND LOW-PASS OUTPUTS

{y
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

v felock % TLC10/MF10A, TLC20/MF10C
! [—__—_———_——'——'—l
t o
) | CLK NONOVERLAPPING
SR | CLOCK GENERATOR | ®2 I
PN nan |
lagno |7
o ' I
| eel
I |
I +£ g ID L] f >4 I
APIN _ L]
1 e
- +
I L IR3
VDD+_‘ﬂv_‘ | %E <:R2 R4
| - I |3 w
| I
L —

FIGURE 7. MODE 5 FOR NUMERATOR COMPLEX ZEROS, BAND-PASS, AND LOW-PASS OUTPUTS

fo = VR2IRE + 1 x (felock/100 of felock/50)

f, = J1 = R1/R4 X (feiock/100 of felock/50)

Q = JR2/R4 + 1 x R3/R2

Q, = J/T - R1/R4 x R3/R1

Hopz1 (as f approaches 0) = R2 (R4 — R1)/R1 (R2 + R4)
Hpz2 (as f approaches 0.5 fgjgck) = R2/R1

Hogp = (R2/R1 + 1) x R3/R2

HoLp = (R2 + R1)/(R2 + R4) x R4/R1

COMPLEX ZERO OUT

BAND-PASS QUT

LOW-PASS OUT

N

Data .Sheets
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

felock - % TLC10/MF10A, TLC20/MF10C
— - = — /
Vi ' #1 l
| CLK NONOVERLAPPING
SR1 I CLOCK GENERATOR | %2, I
IN—
iAGND ;\ PY NAH' HIGH-PASS OUT
L ' |
| BP| LOW-PASS OUT
| | (INVERTED)
o | LiD B SN
= APIN | ~ L]
P < | el
- + +
= N ' |
] vpp-4SW_] l s (R
» | (13
I |
L - - - _

fe = R2/R3 (felock/ 100 or fejock/50)
HoLp = —R3/R1
HoHp = —R2/R1

FIGURE 8. MODE 6 FOR SINGLE-POLE HIGH-PASS AND LOW-PASS OUTPUT

i
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA

Data Sheets N

felock % TLC10/MF10A, TLC20/MF10C
r"' - - - - -
I CLK NONOQVERLAPPING i I
l CLOCK GENERATOR \ﬁ |
tags > wl s
< | - |
I BP' LOW-PASS OUT
| | (INVERTED)
D o> o
vi Apn\i +_ ] |
r i . . el
I L3 |
R1
VDD--IS—W-— | ;E ‘LRZ
— i 3
| ] 3
| |
S |

fe = R2/R3 X (fclock/100 or feiock/50)
HoLp1 = 1 (noninverting)
HoLp2 = —-R3/R2

FIGURE 9. MODE 6a FOR SINGLE-POLE LOW-PASS OUTPUT (INVERTED AND NONINVERTED)

{i,
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

TYPICAL APPLICATION DATA
5V PY
1 1 ticiomrioa, TLc20mEt0C
Vee+ VoD + LOW-PAS
6 W-PASS
veer —— Fgw 2tp K22
(9) (19) OUTPUT
LEVEL SHIFT 28P
200-kHz (1) (18)
TTL CLOCK o 2CLK 2NAH
L—J 1CLK
CENTER FREQ/ e 2
2 L CURRENT LIMIT 18p |12
s | conTROL a
INPUT —————— PHqapIN INAH
12
o (K11 PO, creL 12
Q (4)
-+ 1N-
o (Kk7] P 2 4 ,<L
n ] R23 R3Z R2'3R3'Z
I Vee - VpD - R2 = 100 k@
o T T R2’ = 100 kO
@ -5V ® R3 = 53.6 k0
7 R3’ = 130 k@

FIGURE 10. FOURTH-ORDER 2-kHz LOW-PASS BUTTERWORTH FILTER

filter terminology

fc The cutoff frequency of the low-pass or high-pass filter output

felock The input clock frequency to the device

frnotch  The notch frequency of the notch output

fo The center frequency of the complex pole pair second-order function

f; The center frequency of the complex zero pair

HoBp The band-pass output voltage gain (V/V) at the band-pass center frequency

HOHP The high-pass output voltage gain (V/V) as the frequency approaches 0.5 fclock

HoLp The low-pass output voltage gain (V/V) as the frequency approaches O

HON The notch output voltage gain (V/V) at the notch frequency

HON1 The low-side notch output voltage gain as the frequency approaches O

HOoN2 The high-side notch output voltage gain as the frequency approaches 0.5 fglock

Hoz1 Gain at complex zero output (as f = 0 Hz)

Hoz2 Gain at complex zero output (as f approaches 0.5 fgjock!)
The quality factor of the complex pole pair second-order function. Q is the ratio of fg to
the 3-dB bandwidth of the band-pass output. The value of Q also affects the possible
peaking of the low-pass and high-pass outputs.

Q, The quality factor of the complex zero pair, if such a complex pair exists. This parameter is
used when an all-pass filter output is desired.
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TLC10/MF10A, TLC20/MF10C
UNIVERSAL DUAL SWITCHED-CAPACITOR FILTER

GAIN (V/V)

GAIN (V/V)

(GAIN (V/V)

4
Q = = Vi fy
Hosp \ fy - f|_
-1 1\2
0.707 Hopp fL = fo <~2—O <§) + ])
1 1\2
=t (55 + Vizg) 7
»
fL fo fH 2
f (LOG SCALE)
FIGURE 11. BAND-PASS OUTPUT 8
3}
2
t 7]
©
Hor 1 1\2 ®
HoLp fo = fo % 1—m + 202 +1 fa)
0.707 Hopp
/ 1
fp =foVv1- 302
T
Hop = HoLp x ] ;
> CRPTY)
fp fe
f (LOG SCALE)
FIGURE 12. LOW-PASS OUTPUT
'y
Hop /l N ] 2 -1
Honp fc 202 - 1 202> .
0.707 Honp [
fo = fo x|V 1- 202
H H X !
opP = Howp X T————
1/ 1
> 3 ! T 402
fe fp
f (LOG SCALE)

FIGURE 13. HIGH-PASS OUTPUT
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

D2819, NOVEMBER 1983—REVISED SEPTEMBER 1986

LinCMOS™ Technology
8-Bit Resolution

Total Unadjusted Error . . . +0.5 LSB Max
Ratiometric Conversion

Access Plus Conversion Time:
TLC532A . .. 15 us Max
TLC533A . .. 30 us Max

3-State, Bidirectional /0 Data Bus

5 Analog and 6 Dual-Purpose Inputs
On-Chip 12-Channel Analog Muitiplexer
Three On-Chip 16-Bit Data Registers

Software Compatible with Larger TL530
and TL531 (21-Input Versions)

On-Chip Sample-and-Hold Circuit
Single 5-V Supply Operation
Low Power Consumption . . . 6.5 mW Typ

Improved Direct Replacements for Texas
Instruments TL532 and TL533, National
Semiconductor ADC0829, and Motorola
MC14442

description

The TLC532A and TLC533A are monolithic
LinCMOS™ peripheral integrated circuits each
designed to interface a microprocessor for
analog data acquisition. These devices are
complete peripheral data acquisition systems on
a single chip and can convert analog signals to
digital data from up to 11 external analog
terminals. Each device operates from a
single 5-V supply and contains a 12-channel
analog multiplexer, an 8-bit ratiometric analog-
to-digital (A/D) converter, a sample-and-hold,
three 16-bit registers, and microprocessor-
compatible control circuitry. Additional features
include a built-in self-test, six multipurpose
(analog or digital) inputs, five external analog
inputs, and an 8-pin input/output (I/0) data port.
The three on-chip data registers store the control
data, the conversion results, and the input digital
data that can be accesssed via the
microprocessor data bus in two 8-bit bytes
(most-significant byte first). In this manner, a
microprocessor can access up to 11 external
analog inputs or 6 digital signals and the positive

N PACKAGE
(TOP VIEW)
REF - [ REF + (A1)
GND Ez vVee
2-1msB) (s AO
2-2
53 E‘; f\g ANALOG
110 2-4 e aa [ MNPUTS
DATA
2-5[7 A5
BUS
2-6[]s A10/D1
2-7s A11/D2
ANAL 2
2-8sB) [Jo 19[] A12/D3 DIG,TOA(E/
READ/WRITE (R/W) [J11  18[] A13/D4 INPUTS
CLOCK (CLK) A14/D5 1/3
REGISTER SELECT (RS) A15/D6 V]
CHIP SELECT (TS) RESET (R) _°=’
w
FN PACKAGE [}
(TOP VIEW) "5
5 = o
7] <
2
N - 0
T2y Be
NNO@xax >
/ | D ) S S -y G i —
4 3 2 1 282726
2-3fs 25[] A2
2-401e 24] A3
2-507 23[] A4
2-6[18 22[] A5
2-79 21[] A10/D1
2-8(sB)[Jio 20(] A11/D2
RW [J 11 19[] A12/D3
12131415 1617 18
oo oo
4 cnlcn I © v <
oo Qaoa
0 <t m
I <
FUNCTION TABLE
ADDRESS/CONTROL
— — DESCRIPTI
R/W|RS|CS | R |CLK SCRIPTION
X [ x| x |Lt Reset
L H Llw f ane bus data to control
register
" L nm N Read da'ta fronf analog
conversion reglster
H H Llw 4 Read dafa from ditigal
data register
X X| H{H X | No response

H = High-level, L = Low-level, X = Irrelevant
{ = High-to-low transition, = Low-to-high transition

reference voltage that may be used for self-test.

LinCMOS is a trademark of Texas Instruments Incorporated.
L

tFor proper operation, Reset must be low for at least three clock cycles.

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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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

description (continued)
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The A/D conversion uses the successive-approximation technique and switched-capacitor circuitry. This
method eliminates the possibility of missing codes, nonmonotonicity, and a need for zero or full-scale
adjustment. Any one of 11 analog inputs (or self-test) can be converted to an 8-bit digital word and stored
within 10 us (TLC532A) or 20 us (TLC533A) after instructions from the microprocessor are recognized.
The on-chip sample-and-hold automatically minimizes errors due to noise on the analog inputs. Furthermore,
differential high-impedance reference inputs are available to help isolate the analog circuitry from the logic
and supply noises while easing ratiometric conversion and scaling.

The TLC532AM and TLC533AM are available in both the N and FN plastic packages and are characterized
for operation from —55°C to 125°C. The TLC532Al and TLC533Al are characterized for operation from
—40°C to 85°C.

functional description

The TLC532A and TLC533A provide direct interface to a microprocessor-based system. Control of the
TLC532A and TLC533A is handled via the 8-line TTL-compatible 3-state data bus, the three control inputs
(Read/Write, Register Select, and Chip Select), and the Clock input. Each device contains three 16-bit internal
registers — the control register, the analog conversion data register, and the digital data register.

A high level at the Read/Write input and a low level at the Chip Select input set the device to output data
on the 8-line data bus for the processor to read. A low level at the Read/Write input and a low level at
the Chip Select input set the device to receive instructions into the internal control register on the 8-line
data bus from the processor. When the device is in the read mode and the Register Select input is low,
the processor reads the data contained in the analog conversion data register. However, when the Register
Select input is high, the processor reads the data contained in the digital data register.

The control register is a write-only register into which the microprocessor writes command instructions
for the device to start A/D conversion and to select the analog channel to be converted. The analog
conversion data register is a read-only register that contains the current converter status and most recent
conversion results. The digital data register is also a read-only register that holds the digital input logic
levels from the six dual-purpose inputs.

Internally each device contains a byte pointer that selects the appropriate byte during two cycles of the
Clock input in a normal 16-bit microprocessor instruction. The internal pointer automatically points to the
most significant (MS) byte after the first complete clock cycie any time that the Chip Select is at the high
level for at least one clock cycle. The device treats the next signal on the 8-line data bus as the MS byte.
A low level at the Chip Select input activates the inputs and outputs and an internal function decoder.
However, no data is transferred until the Clock goes high. The internal byte pointer first points to the MS
byte of the selected register during the first clock cycle. After the first clock cycle in which the MS byte
is accessed, the internal pointer switches to the LS byte and remains there for as long as Chip Select is
low. The MS byte of any register may be accessed by either an 8-bit or a 16-bit microprocessor instruction;
however, the LS byte may only be accessed by a 16-bit microprocessor instruction.

Normally, a 2-byte word is written or read from the controlling processor, but a single byte can be read
by the processor by manipulating the Chip Select input. This can be used to read conversion status from
the analog conversion data register or the digital multipurpose input levels from the digital data register.
The format and content of each 2-byte word is shown in Figures 1 through 3.
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

functional description (continued)

A conversion cycle starts after a 2-byte instruction is written to the control register and the start conversion
(SC) bit is a logic high. This 2-byte instruction also selects the input analog channel to be converted. The
status (EOC) bit in the analog conversion data register is reset, and it remains reset until the conversion
is complete, at which time the status bit is set again. After conversion, the results are loaded into the
analog conversion data register. These results remain in the analog conversion data register until the next
conversion cycle is complete. If a new conversion command is entered into the control register while the
conversion cycle is in progress, the on-going conversion is aborted and a new channel acquisition cycle

begins immediately.

The Reset input allows the device to be externally forced to a known state. When a low level is applied
to the Reset input for a minimum of three clock periods, the start conversion bit is cleared. The A/D converter
is then idled and all the outputs are placed in the high-impedance off-state. However, the content of the

analog conversion data register is not affected by the Reset input going to a low level.

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

DATA BUS

(2-8 - 2—1) ———a—~—p—

RW ———p—

8

— DATA
cS ——»Q BUS -
RS ——————p—1 CONTROL
_ LOGIC
R—d 8 A8 e
CLOCK —————p—P>
\ 4 L)
DIGITAL DATA CONTROL CO‘I\\I':‘/AEIEK(;?ON
REGISTER REGISTER REGISTER
‘: (READ ONLY) (WRITE ONLY) (READ ONLY)
6
ANALOG Mux £ 4 {L
ANALOG/DIGITAL ] ADDRESS V8
INPUT g 1
(A10/D1 — A15/D6) L
A6
Y 8-8IT
EXTERNALANALOG 5 | 11 45 chanNNEL S':N:\,PE','_E- ANALOG-TO-DIGITAL
INPUT 7 v MULTIPLEXER HOLD CONVERTER
(A0, A2 — A5) (SWITCHED-CAPACITORS)
+ A1
REF+
REF—
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1
]
—» :‘—‘su(bus)
tsu(bus)—¥ : | M ten {"“en | M eten N Ly (bus)!
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MS LS Ms Ls LS LS Ls ! H Ms LS Ms Ls
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DATA 71 HI-Z STATE HI-Z STATE
Bus | HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z HI-Z Hi-Z HI-Z
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¢ SEE NOTE C SEENOTEC ¢ crc NOTE E—b " >
SEE NOTE A SEE NOTE B SEE NOTE D SEE NOTE F SEE NOTE A
NOTES: A. This is a 16-bit input instruction from the microprocessor being sent to the control data register.
B. This is the 2-byte (16-bit) content of the digital data register being sent to the microprocessor.
C. This is the LS byte (8-bit) content of the analog conversion data register being sent to the microprocessor.
D. This is the LS byte (8-bit) content of the digital data register being sent to the microprocessor.
E. These are MS byte (8-bit), LS byte (8-bit), and LS byte (8-bit) content of the analog conversion data register or digital data
register being sent to the microprocessor.

F. This is the 2-byte (16-bit) content of the analog conversion data register being sent to the microprocessor.
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

read or write cycle time sequence

teicLk) 9| ja— 9] Je-tricLi

CLOCK =1

CLOCK #10

w ATPLFLA

t |

L

o

I

£

i |
| [} |
| | |
] | | START END
(See Note A) tsu(A)__.‘ e : | | CONVERSION CONVERSION
CONTROL | i | |
"o LUK T 1 1 XXX
RIW ! i ! i AVAVAVAVAVAVAVA JAVAVAN
RS | | | ! | 2
t | | — le—tnic) !
su(CS)—#| je— | | N |
. Hl | | | ;
cs * | | | ‘;I‘ 1 3
\ I | [}
: | | | | o
PR | 5
! 1
! I
'en"{ |‘— : "’l i‘—'eln | ©
| -
I | | ©
DATA BUS HI-Z ws !l mz | ! HI-Z | (a]
DATA OUT BVTE| BYTé |
(“READ") | : See Note B |
| | |
—| [ tais | [ tdis |
tsu(bus)—| s _’l h"‘su(bus) :
[ | 1
DATA BUS HI-Z | N ez | 'I HI-Z |
DATA IN | 0 !
(“WRITE") MS 1 ! |
BYTE[ BYTE| | |
[
‘h(bus)"’“‘" —’! P"‘h(bus) |
|
|
IQ——— 'acq ——————bl
NOTES: A. The reset pulse (R low) is required only during power-up.
B. The most significant byte output of Data Out occurs when CLK is high. When CLK is low, Data Out is in the high-impedance
(off) state. When CLK goes high again, the least significant byte is placed on the data bus. At this point, the least significant
byte remains on the bus for as long as CLK is kept high.
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

DATA BUS
UNES 2 1 22 23 24 25 26 27 28 21 22 23 24 25 26 27 28
X X X X X X X sC X X X X A3 A2 | a1 A0
IMSB) (LsB)| [imsB) (LSB)
——— MOST SIGNIFICANT BYTE .{4 LEAST SIGNIFICANT BYTE ———————
16-BIT WRITE

Unused Bits (X) — The MS byte bits 2~ 1 through 2~ 7 and LS byte bits 2~ 1 through 2 ~ 4 of the control register are not used internally.

Start Conversion (SC)— When the SC bit in the MS byte is set to a logical 1, and analog-to-digital conversion on the specified analog
channel begins immediately after the completion of the control register write.

Analog Multiplex Address (AO-A3)— These four address bits are decoded by the analog multiplexer and used to select the appropriate
analog channel as shown below:

Hexadecimal Address (A3 = MSB) Channel Select
o] AO
1 REF + (A1)
2-5 A2-A5
6-9 (not used)
A-F A10-A15

FIGURE 1. WORD FORMAT AND CONTENT FOR CONTROL REGISTER 2-BYTE WRITE

s)aayg ejeq m

DATA BUS
LNES 21 22 23 24 25 26 27 28 21 22 23 24 25 26 27 28

Eoc 0 l 0 0 0 0 l ) 0 R7 | R6 | R5 [ R4 ] R3 R2 | R1 l rﬂ
(MSB) LsB| |iMsB) (LSB)
¢ MOST SIGNIFICANT BYTE ,[< LEAST SIGNIFICANT BYTE——— |
e BBTREAD—— |

16-BIT READ

A/D Status (EOC)— The A/D status end-of-conversion (EOC) bit is set whenever an analog-to-digital conversion is successfully completed
by the A/D converter. The status bit is cleared by a 16-bit write from the microprocessor to the control register. The remainder of the
bits in the MS byte of the analog conversion data register are always reset to logical O to simplify microprocessor interrogation of the
A/D converter status.

A/D Result (RO-R7)— The LS byte of the analog conversion data register contains the result of the analog-to-digital conversion. Result
bit R7 is the MSB and the converter follows the standard convention of assigning a code of all ones (11111111) to a full-scale analog
voltage. There are no special overflow or underflow indications.

FIGURE 2. WORD FORMAT AND CONTENT FOR ANALOG
CONVERSION DATA REGISTER 1-BYTE AND 2-BYTE READ

DATA BUS
LNEs 2 1 22 23 24 25 26 27 28 21 22 23 24 25 26 27 28
a1s [ a1a | Aa13 | a12 | A11 | At0 | A3 | A2 Al AO X 3 X X X X
D6 DS D4 D3 D2 D1
(MSB) (LsB)| |(MsB) (LSB}

l4—————————— MOST SIGNIFICANT BYTE ———————» IQ—LEAST SIGNIFICANT BYTE ——————

[i¢———————————— 8 BIT READ ————— P

16 BIT READ

Shared Digital Port (A10/D1-A15/D6)— The voltage present on these pins is interpreted as a digital signal, and the corresponding states

are read from these bits. A digital value is given for each pin even if some or all of these pins are being used as analog inputs.
Analog Multiplexer Address (AO-A3)— The address of the selected analog channel presently addressed is given by these bits.
Unused Bits (X)— LS byte bits 2~ 3 through 2 -8 of the digital data register are not used.

FIGURE 3. WORD FORMAT AND CONTENT FOR DIGITAL DATA REGISTER 1-BYTE AND 2-BYTE READ

n
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TLC532AM, TLC532Al, TLC533AM, TLC533Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

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

Supply voltage, Vg (see Note 1) .. . ..o -0.3Vto6.5V
Input voltage range: Positive reference voltage . . . ... ................ VREF - to Vcc + 0.3V
Negative reference voltage. . . .. ............... ... ... -0.3 V to VREF +

All other inputs . ........... ... ... . ...... ... -0.3VtoVce + 03V

Input current, I} (@any iNPUL) . . .. +10 mA
Total input current, (all iNPUTS) . . . . . . +20 mA
Operating free-air temperature range: TLC532AM, TLC533AM . ... .......... —-55°C to 125°C
TLCB532Al, TLCB33AI . ... ... .. ... .. ~40°C to 85°C

Storage temperature range . ... ... ... —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package . ............ 260°C
Case temperature for 10 seconds: FN package . .. .. .. ... .. .. .. .. .. . .. .. . .. 260°C

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

recommended operating conditions

TLC532A TLC533A UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Ve 4.75 5 5.5 4.75 5 5.5 \
Positive reference voltage, VRgF + (see Note 2) 2.5 Vee Veg+0.1 2.5 Vee Vee+0.1 \4
Negative reference voltage, VRgf — (see Note 2) -0.1 0 2.5 -0.1 0 2.5 \2
Differential reference voltage, VRer + — VREF - 1 Vee Veg+0.2 1 Vee Vec+0.2 \
. . Clock input Vee 0.8 Ve -0.8
High-level input voltage, Vi - [ e oS 2 2 v
Low-level input voltage, V|| Any digital input 0.8 0.8 \2
Clock frequency, fck 0.1 2 2.048 0.1 1.048 1.06 | MHz
CS setup time, tgy(CS) 75 100 ns
Address (R/W and RS) setup time, tgy(a) 100 145 ns
Data bus input setup time, tgy(bus) 140 185 ns
Control (R/W, RS, and CS) hold time, th(C) 10 20 ns
Data bus input hold time, th(pus) 15 20 ns
Pulse duration of control during read, ty(C) 305 575 ns
- Clock
Pulse duration, reset low, ty (reset) 3 3 Cycles
Pulse duration of clock high, tywH(CLK) 230 440 ns
Pulse duration of clock low, tyw| (CLK) 200 410 ns
Clock rise time, ty(CLK) 15 25 ns
Clock fall time, tf(CLK) 16 30 ns
Operating free-air TLC . __AM -55 125 -55 125 oc
temperature, TA TLC.. Al -40 85 -40 85

NOTE 2: Analog input voltages greater than or equal to that applied to the REF + terminal convert to ali ones (11111111), while input
voltages equal to or less than that applied to the REF — terminal convert to all zeros (00000000). For proper operation, the positive
reference voltage, VREF +, must be at least 1 V greater than the negative reference voltage, VRgf — . In addition, unadjusted

errors may increase as the differential reference voltage, VRer + — VRgf —. falls below 4.75 V.
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TLC532AM, TLC532Al
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

electrical characteristics over recommended operating free-air temperature range, VREF+ = VCC.
VREF - at ground, fCLK = 2 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP' MAX | UNIT
VoH High-level output voltage loH = —1.6 mA 2.4 \
VoL Low-level output voltage loL = 1.6 mA 0.4 \
High-level Any digital or Clock input 10
I k igh-lev ny digi ‘r inpu Vi = 5.5V A
input current Any control input 1
Low-level Any digital or Clock input -10
U1 : - ViL=0 uA
input current Any control input -1
\ Off-state (high-impedance state) Vo=Vce 10 A
2 0z output current Vo =0 -10 s
Iy Analog input current (see Note 3) V| = 0to Vce +500 nA
Leakage current between selected channel V; = 0to Vce, 4400 nA
U and all other analog channels Clock input at 0 V B
Q X Digital pins 3 thru 10 4 30
Cj Input capacitance F
a ! P s Any other input pin 2 15 P
Vce = VReF+ = 5.5V,
Icc+! Supply current plus reference current 1.5 3 mA
g_) cc+!REF+ Supply pl Outputs open
(4] Icc Supply current Vce = 6.5V 1.4 2 mA
®
a NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle.
operating characteristics over recommended operating free-air temperature range, VREF+ = VCC.
VREF - at ground, fCLK = 2 MHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
Linearity error (see Note 4) +0.5 LS8
Zero error (see Note 5) +0.5 LSB
Full-scale error (see Note 5) +0.5 LSB
Total unadjusted error (see Note 6) +0.5 LSB
Absolute accuracy error (see Note 7) +1 LS8
Clock
tconv Conversion time (including channel acquisition time) 30
Cycles
t, Channel acquisition time prior to starting conversion 10 Clock
r
acq q P 9 Cycles
ten Data output enable time (see Note 8) CL = 50 pF, R = 3 kQ, 250 ns
tdis Data output disable time Cp = 50 pF, R, = 3 kQ 10 ns
Data bus output High impedance to high level 150
t CL = 50 pF, R = 3 kQ
ribus) rise time Low-to-high level L P L 300 ns
Data bus output High impedance to low level 150
t CL = 50 pF, R = 3 k@
flbus) fall time High-to-low level L P L 300 ns
T Typical values are at Voc = 5V, To = 25°C.
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics. .
5. 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.
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
7. Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step.
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters’
finite resolution.
8. If chip-select setup time, tsu(CS) is less than 0.14 ps, the effective data output enable time, tgn, may extend such that
tsu(CS) + ten is equal to @ maximum of 0.475 us.
Texas WP
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TLC533AM, TLC533AI
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH 5 ANALOG AND 6 DUAL-PURPOSE INPUTS

electrical characteristics over recommended ranges VCC. VREF + . and operating free-air temperature,
VREE - at ground, fcLK = 1.048 MHz (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
VOH High-level output voltage loH = —1.6 mA 2.4 \Y
VoL Low-level output voltage lgL = 1.6 mA 0.4 \
i 'High-level Any digital olr Clock input Vi = 5.5V 10 A
input current Any control input 1
Low-level Any digital or Clock input -10
L ' - Vi = 0 wA
input current Any control input -1
loz Off-state (high-impedance state) output current Vo=Vee 10 A
Vg = 0 -10
Iy Analog input current (see Note 3) V| = 0to Vce +500 nA 2
Leakage current between selected channel V| = 0to Vgg,
. +400 nA
and all other analog channels Clock input at 0 V :h_‘
¢ Input capacitance Digital pins. 3 thru. 10 4 30 oF g
Any other input pin 2 15
Vce = VREF+ = 5.5V, =
Icc+IREF+ Supply current plus reference current 1.3 3 mA n
Outputs open
Icc Supply current Vece = 55V 1.2 2 mA S
NOTE 3: Analog input current is an average of the current flowing into a selected analog channel input during one full conversion cycle. 8
operating characteristics over recommended ranges VCC. VREF + . and operating free-air temperature,
VREF - at ground, fcjock = 1.048 MHz (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
Linearity error (see Note 4) +0.5 LSB
Zero error (see Note 5) +0.5 LsB
Full-scale error (see Note 5) +0.5 LSB
Total unadjusted error (see Note 6) +0.5 LSB
Absolute accuracy error (see Note 7) +1 LsB
. . . . e . Clock
tconv Conversion time (including channel acquisition time) 30 Cycles
e . . ! Clock
tacq Channel acquisition time prior to starting conversion 10 Cycles
Lt_en Data output enable time (see Note 8) CL = 50 pF, R = 3 kQ, 335 ns
’_ﬂ Data output disable time CL = 50 pF, R = 3 kQ 10 ns
Data bus output High impedance to high level 150
trbUs) e time Low-to-high level CL = 50pF R = 3K 00| ™
Data bus output High impedance to low level 150
HOUS) foi) time High-to-low level CL = 50 pF R = 3kt 30| ™
T Typical values are at Vcc = 5V, TA = 25°C.
NOTES: 4. Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
5. 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.
6. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
7 . Absolute accuracy error is the maximum difference between an analog value and the nominal midstep value within any step.
This includes all errors including inherent quantization error, which is the +0.5 LSB uncertainty caused by the A/D converters’
finite resolution.
8. If chip-select setup time, tg,,(Cs), is less than 0.14 us, the effective data output enable time, ten, may extend such that
t:0iCS) + ten is equal to @ maximum of 0.475 ps.
i
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TLC540M, TLC5401, TLC541M, TLC541]

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS

WITH SERIAL CONTROL AND 11 INPUTS

D2799, OCTOBER 1983 —REVISED OCTOBER 1988

DW OR N PACKAGE

® LinCMOS™ Technology
(TOP VIEW)
® 8-Bit Resolution A/D Converter
INPUT A0 [ \J20[] Ve
® Microprocessor Peripheral or Stand-Alone INPUT A1 []2 19[] SYSTEM CLOCK
Operation INPUT A2 []3 18% 10 CLOCK
® On-Chip 12-Channel Analog Multiplexer INPUT A3 [} 7LJ ADDRESS INPUT
INPUT A4 (|5  16[] DATA OUT
® Built-In Self-Test Mode INPUT A5 (6 15[ ] CS
® Software-Controllable Sample and Hold INPUT A6 []7 141] REF +
INPUT A7 [J8 13[] REF -
® Total Unadjusted Error . . . +0.5 LSB Max INPUT A8 [ 12[] INPUT A10 2
® TLC541 is Direct Replacement for Motorola GND [J1o_ 1] INPUT A9
MC145040 and National Semiconductor
ADCO811. TLC540 is Capable of Higher FN CHIP CARRIER PACKAGE 2
Speed (TOP VIEW) o
[})
4
® Pinout and Control Signals Compatible with 8 <
TLC1540 Family of 10-Bit A/D Converters a wn
- o
122 s 8
= =~ = o
TYPICAL PERFORMANCE TLC540 | TLC541 222 90 a
Channel Acquisition Sample Time 2 ps 3.6 us z2z2z2 g a
Conversion Time 9 us 17 us
Samples per Second 75 x 103| 40 x 103 ®
Power Dissipation 6 mW 6 mW INPUT A3 170 CLOCK
INPUT A4 DATA IN
description INPUT A5 [Ei\TA ouT
INPUT A6 CS
The TLC540 and TLC541 are LinCMOS™ A/D INPUT A7 REF +
peripherals built around an 8-bit switched-
capacitor successive-approximation A/D
converter. They are designed for serial interface 2 % 2 = J
to a microprocessor or peripheral via a three- - O < o
state output with up to four control inputs 2 25
lincluding independent System Clock, 1/0 Clock, z = %
Chip Select (CS), and Address Input]. A
4-MHz system clock for the TLC540 and a
2.1-MHz system clock for the TLC541 with a
design that includes simultaneous read/write
operation allow high-speed data
transfers and sample rates of up to 75,180 samples per second for the TLC540 and 40,000 samples per
second for the TLC541. In addition to the high-speed converter and versatile control logic, there is an on-
chip 12-channel analog multiplexer that can be used to sample any one of 11 inputs or an internal *’self-
test’’ voltage, and a sample-and-hold that can operate automatically or under microprocessor control.
Detailed information on interfacing to most popular microprocessors is readily available from the factory.
The converters incorporated in the TLC540 and TLC541 feature differential high-impedance reference inputs
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply noises.
A switched-capacitor design allows low-error (+0.5 LSB) conversion in 9 us for the TLC540 and 17 us
for the TLC541 over the full operating temperature range.
The M-suffix versions are characterized for operation from —55°C to 125°C. The I-suffix versions are
characterized for operation from —40°C to 85°C.
LinCMOS is a trademark of Texas Instruments Incorporated
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
currg?t as of puhliu(:tin‘n date. r’TOduaml mtn'unnrtr:nttg T ¢
t] rms o0 exas Instr
:Q::«'k:’r:: w:fraprﬁr Broduction processing does not EXAS 2-165

necessarily include testing of all parameters.
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TLC540M, TLC5401, TLC541M, TLC5411
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

functional block diagram

REF+ REF—
P 8BIT
] ANALOG-TO-DIGITAL
SAMPLE 5 <
— > AND > CONVERTER ¢
—
- HoLD (SWITCHED-CAPACITORS)
— 12CHANNEL L s
anatos ) —  anaLoc 3
2 INPUTS Y =] MULTIPLEXER
oUTPUT 8| sTo1pDATA DATA
— DATA 7—%—| SELECTOR AND |— "o o
— 4 INPUT REGISTER DRIVER
w) . b ADDRESS
REGISTER
2 . v v 4 A 4
V] 4y
4 L] ¥
7] Y
= | SELF-TEST CONTROL LOGIC
) REFERENCE >— AND 1/0
® COUNTERS
-+ ADDRESS N INPUT L2
7] INPUT > MULTIPLEXER [
2
A 4
1/0 > X
cLock
cs > 4
SYSTEM R
cLOCK i
operating sequence
[1]2]3la]s|e]| 7] 112)3|a|s5|6|7]s
CJS%K 4 [ | nERN| [[ DONT“CARE i
\4— ACCESS —p :‘___SAMPLE__"‘_____ onv Access_,, l4— SAMPLE i
&S " cvycLep ' | CYCLEB (See Note A) *Cveiec ! CYCLEC™ i
(s Noe ) r_—_mff‘—us)_“, —
mSB LSB o VS8 LSB ON'T CARE
ADDRESS ON'T CARE /. QQ DON"
— ! c3 co
INPUT @@ 81180 7
HI-Z
HI-Z STATE
Pour (asXaaXaaXazX(aTX(20) 0.0000000 e
our —Ha7XasX a5 X2%) ¢ (eoXp
A7 B7
4— PREVIOUS CONVERSION DATA A— 4———— CONVERSION DATA B———p
mMSB LSB MsB MSB LSB MSB

(See Note B}

NOTES: A. The conversion cycle, which requires 36 System Clock periods, is initiated on the 8th falling edge of the /0 Clock after CS
goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the 1/O Clock
must remain low for at least 36 System Clock cycles to allow conversion to be completed.

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining
seven bits (A6-A0) will be clocked out on the first seven 1/O Clock falling edges.

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after
a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to
clock-in address data until the minimum chip-select setup time has elapsed.

, i
2-166 Texas {’

INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265




TLC540M, TLC5401, TLC541M, TLC5411
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

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

Supply voltage, VCc (see Note 1) . .. ... 6.5V
Input voltage range (any input) -0.3VtoVce + 03V
Output voltage range . . .. .. ... ... ... ...t -0.3VtoVce + 03V
Peak input current range (any input) . . ... ... .. +10 mA
Peak total input current (all inputs) . ... ... ... .. . +30 mA
Operating free-air temperature range: TLC540!, TLC5411. ... ... ............ -40°C to 85°C

TLC540M, TLC541M -55°C to 125°C
Storage temperature range . ... . ... -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: DW or N package . ...... 260°C

N

NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted).

recommended operating conditions

(2]
P
TLC540 TLC541 Q
UNIT o
MIN NOM MAX MIN NOM MAX <
Supply voltage, Ve 4.75 5 5.5 4.75 5 5.5 \ w
Positive reference voltage, VRgF 4 (see Note 2) 2.5 Vee Voo +0.1 2.5 Vee Vee +0.1 \
Negative reference voltage, VRgr — (see Note 2) -0.1 0 2.5 0.1 0 2.5 \ S
Differential reference voltage, ; v v 0.2 1 v v 02 v ©
+0. +0.
VREF + — VREF - (see Note 2) ce cc cc ce a
Analog input voltage (see Note 2) 0 Vce 0 Vee \
High-level control input voltage, V) 2 2 \Y
Low-level control input voltage, V| 0.8 0.8 \Y
Setup time, address bits at data input
200 400 ns
before 1/0 CLK1, tgy(a)
Hold time, address bits after /0 CLKT, ty(a) 0 0 ns
— System
Setup time, CS low before clocking in first
3 3 clock
address bit, tg,(cs) (see Note 3)
cycles
System
TS high during conversion, tyH(CS) 36 36 clock
cycles
Input/Output clock frequency, foik(1/0) 0 2.048 0 1.1 MHz
System clock frequency, fcik(sys) feLk(/0) 4 foLK(1/0) 2.1 MHz
System clock high, twH(SYS) 110 210 ns
System clock low, ty| (SYS) 100 190 ns
Input/Output clock high, tyH(1/0) 200 404 ns
Input/Output clock low, ty | (1/0) 200 404 ns
foLk(sys) = 1048 kHz 30 30
. . System ns
Clock transition time foLK(sYs) > 1048 kHz 20 20
{see Note 4) o foLK(1/0) = 525 kHz 100 100
ns
feLk(/0) > 525 kHz 40 40
Operating free-air TLC540M, TLC541M -55 125 -55 125 og
temperature, Tp TLC5401, TLC5411 -40 85 -40 85

NOTES: 2. Analog input voltages greater than that applied to REF + convertas all ““1”'s (11111111), while input voltages less than that
applied to REF — convert as all ““0’’s (00000000). For proper operation, REF + voltage must be at least 1 V higher than REF —
voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V.

3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less)
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made
to clock-in an address until the minimum chip select setup time has elapsed.

4. This is the time required for the clock input signal to fall from Vi min to Vj_ max or to rise from V| max to V| min. In
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data
acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.
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TLC540M, TLC5401, TLC541M, TLC5411
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

electrical characteristics over recommended operating temperature range,

Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.048 MHz for
TLC540 or fcLK(1/0) = 1.1 MHz for TLC541

PARAMETER TEST CONDITIONS MIN Typt MAX | UNIT
VOoH High-level output voltage (pin 16) Vee = 475V, IoH = 360 pA 2.4 \
VoL Low-level output voltage Vee = 475V, loL = 1.6 mA 0.4 \
I Off-state (high-impedance state) Vo = Vce. CS at Vce 10 A
0z output current Vo =0, CS at Vcc -10 "
hH High-level input current V| = Vce 0.005 2.5 A
L Low-level input current Vi =0 -0.005 -25 A
2 Icc Operating supply current CSatOV 1.2 2.5 mA
Selected channel at Ve, 04 1
Unselected ch latOV )
Selected channel leakage current neclected channe a A
@) Selected channel at 0 V,
-0.4 -1
Q Unselected channel at Vo
8 Icc + IREF Supply and reference current VRer+ = Vce. CSatoV 1.3 3 | mA
Analog input 7 55
m Cj Input capacitance a9 |.r\pu i pF
= Control inputs 5 15
® .
') All typical values are at Tp = 25°C.
~*
(7]
v&i’
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TLC540M, TLC5401, TLC541M, TLC541I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

operating characteristics over recommended operating free-air temperature range,
Vce = VREF+ = 4.75V to 5.5 V, fCcLK(I/0) = 2.048 MHz for TLC540 or 1.1 MHz for TLC541,
fCLK(SYS) = 4 MHz for TLC540 or 2.1 MHz for TLC541.

TLC540 TLC541
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX MIN TYP MAX
Linearity error See Note 5 +0.5 +0.5 LSB
Zero error See Notes 2 and 6 +0.5 +0.5 LSB
Full-scale error See Notes 2 and 6 +0.5 +0.5 LSB
Total unadjusted error See Note 7 +0.5 +0.5 LSB
Input A11 address = 1011 01111101 10000011 01111101 10000011
Self-test output code
(See Note 8) (125) (131) | (125) (131)
tconv Conversion time See Operating Sequence 9 17 us
Total access and
° R g . See Operating Sequence 13.3 25 us
conversion time
o : 1/0
Channel acquisition time .
tacq (sample cycle) See Operating Sequence 4 4 clock
cycles
Time output data .
ty remains valid after 10 10 ns
1/0 clock!
Delay time, 1/O clockd
tg v X 300 400 | s
to data output valid
- See Parameter
ten Output enable time 160 150 ns
- - Measurement =
tdis Output disable time ) 150 150 ns
—— - - Information
tr(pus) Data bus rise time 300 300 ns
tf{pus) Data bus fall time 300 300 ns
NOTES: 2. Analog input voltages greater than that applied to REF + convertto all ““1"’s (11111111), while input voltages less than that

applied to REF — convert to all ‘’0"'s (00000000). For proper operation, REF + voltage must be at least 1 V higher than REF —
voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 V.

o

. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.

6. 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.
. Total unadjusted error is the sum of linearity, zero, and full-scale errors.

~

8. Both the input address and the output codes are expressed in positive logAicA

e
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TLC540M, TLC5401, TLC541M, TLC5411
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

PARAMETER MEASUREMENT INFORMATION

14V
Vee
3k
It 3kn
ouTPUT TEST OUTPUT OUTPUT
TEST POINT TEST POINT
UNDER TEST POINT  UNDER TEST UNDER TEST
c 3k c
CL L L
(SEE NOTE A) * | ) (SEE NOTE A)C_D 1 (SEE NOTE A) ==
= (SEE NOTE B) (SEE NOTE B)
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td, ty, AND tg tpzH AND tpy2z tpzL AND tp 2

|
|
SYSTEM |
cx.ocxll{l{{lllllllll
|

s}aays ejeq E

|
—l tpz j¢— —»{tpL2 "'—
| | |
ouTPUT | ! | }
WAVEFORM 1 (SEE NOTE B) | |
(SEE NOTE C) |
—p| tpzH l¢— —»| tphz l—
| |
ouTPUT | T5o% T Vow
WAVEFORM 2 50%
(SEE NOTE C) ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

1/0
cLock N 08V
ouTPUT
—————————— 24v
DATA
outPUT SN . 08V

VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
RISE AND FALL TIMES

NOTES: A. C_ = 50 pF for TLC540 and 100 pF for TLC541.

B. ten = tpzH Or tPZL, tdis = tPHZ of tpLZ-
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

{i’
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TLC540M, TLC540l, TLC541M, TLC541]
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation

The TLC540 and TLC541 are each complete data acquisition systems on a single chip. They include such
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and
addressl]. These control inputs and a TTL-compatible 3-state output are intended for serial communications
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can
be completed in 9 us, while complete input-conversion-output cycles can be repeated every 13 us. With
TLC541 a conversion can be completed in 17 us, while complete input-conversion-output cycles are repeated
every 25 us. Furthermore, this fast conversion can be executed on any of 11 inputs or its built-in ‘‘self-
test,”” and in any order desired by the controlling processor.

The System and I/O Clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is applied to the System Clock input, the
control hardware and software need only be concerned with addressing the desired analog channel, reading
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will
drive the ““conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Output pin is in a three-state condition and the Address Input and 1/O Clock
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a
control logic point with their counterpart pins on additional A/D devices when additional TLC540/541 devices
are used. In this way, the above feature serves to minimize the required control logic pins when using
multiple A/D devices.

The control sequence has been designed to minimize the time and effort required to initiate conversion
and obtain the conversion result. A normal control sequence is:

1.CSis brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the System Clock after a low CS transition, before
the low transition is recognized. This technique is used to protect the device against noise when
the device is used in a noisy environment. The MSB of the previous conversion result will
automatically appear on the Data Out pin.

2. A new positive-logic multiplexer address is shifted in on the first four rising edges of the 1/0 Clock.
The MSB of the address is shifted in first. The negative edges of these four I/O clock pulses shift
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling
edge. The sampling operation basically involves the charging of internal capacitors to the level
of the analog input voitage.

3. Three clock cycles are then applied to the 1/0 pin and the sixth, seventh, and eighth conversion
bits are shifted out on the negative edges of these clock cycles.

4. The final eighth clock cycle is applied to the 1/O Clock pin. The falling edge of this clock cycle
completes the analog sampling process and initiates the hold function. Conversion is then performed
during the next 36 System Clock cycles. After this final 1/O Clock cycle, CS must go high or the
1/0 Clock must remain low for at !least 36 System Clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the 1/O Clock line. If glitches occur
on the /O Clock line, the 1/O sequence between the microprocessor/controller and the device will lose
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise,
a valid falling edge of CS will cause a reset condition, which wili abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps
1 through 4 before the 36 System Clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

N
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TLC540M, TLC5401, TLC541M, TLC541]
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation (continued)

N

s}a9ays eieq

It is possible to connect the System and I/0O Clock pins together in special situations in which controlling
circuitry points must be minimized. In this case, the following special points must be considered in addition
to the requirements of the normal control sequence previously described.

1. When CS is recognized by the device to be at a low level, the common clock signal is used as
an 1/0 Clock. When CS is recognized by the device to be at a high level, the common clock signal
is used to drive the ‘‘conversion crunching’’ circuitry.

2. The device will recognize a CS low transition only when the (& input changes and subsequently the
System Clock pin receives two positive edges and then a negative edge. For this reason, after
aCS negative edge, the first two clock cycles will not shift in the address because a low CS must
be recognized before the 1/0 Clock can shift in an analog channel address. Also, upon shifting in
the address, CS must be raised after the sixth I/O Clock pulse that has been recognized by the
device, so that a CS low level will be recognized upon the lowering of the eighth 1/0 Clock signal
that is recognized by the device. Otherwise, additional common clock cycles will be recognized
as 1/0 Clock pulses and will shift in an erroneous address.

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins
sampling upon the negative edge of the fourth 1/0 Clock cycle, the hold function is not initiated until the
negative edge of the eighth I/0O Clock cycle. Thus, the control circuitry can leave the 1/O Clock signal in
its high state during the eighth 1/O Clock cycle until the moment at which the analog signal must be
converted. The TLC540/TLC541 will continue sampling the analog input until the eighth falling edge of
the 1/0 Clock. The control circuitry or software will then immediately lower the 1/0 Clock signal and hold
the analog signal at the desired point in time and start conversion.

Detailed information on interfacing to most popular microprocessors is readily available from the factory.
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

D2850, DECEMBER 1985 —REVISED SEPTEMBER 1988

LinCMOS™ Technology
8-Bit Resolution A/D Converter

Microprocessor Peripheral or Stand-Alone
Operation

On-Chip 20-Channel Analog Multiplexer
Built-In Self-Test Mode
Software-Controllable Sample and Hold
+0.5 LSB Max

Timing and Control Signals Compatible with
8-Bit TLC540 and 10-Bit TLC1540 A/D
Converter Families

Total Unadjusted Error . . .

TYPICAL PERFORMANCE TL545 TL546

Channel Acquisition Time 1.5 us
9 us
76 x 103

6 mW

2.7 us
17 ps
40 x 103
6 mW

Conversion Time
Sampling Rate
Power Dissipation

description

The TLC545 and TLC546 are LinCMOS™ A/D
peripherals built around an 8-bit switched-
capacitor successive-approximation A/D
converter. They are designed for serial interface
to a microprocessor or peripheral via a 3-state
output with up to four control inputs [including
independent System Clock, /0 Clock, Chip
Select (CS), and Address Input]l. A 4-MHz
system clock for the TLC545 and a 2.1-MHz
system clock for the TLC546 with a design that
includes simultaneous read/write operation
allowing high-speed data transfers and sample
rates of up to 76,923 samples per second for the
TLC545, and 40,000 samples per second for the
TLC546. In addition to the high-speed converter
and versatile control logic, there is an on-chip
20-channel analog multiplexer that can be used
to sample any one of 19 inputs or an internal
‘‘self-test’’ voltage, and a sample-and-hold that
can operate automatically or wunder
microprocessor control.

The converters incorporated in the TLC545 and
TLC546 feature differential high-impedance
reference inputs that facilitate ratiometric
conversion, scaling, and analog circuitry isolation
from logic and supply noises. A totally switched-
capacitor design allows low-error (+0.5 LSB)

INPUT A0 1 Uzg

N DUAL-IN-LINE PACKAGE

(TOP VIEW)

vVee

INPUT A1 (]2 27[] SYSTEM CLOCK
INPUT A2 [ 26% 1/0 CLOCK
INPUT A3[]4  25[] ADDRESS INPUT
INPUT A4 [|s  24[]DATA OUT
INPUT A5 [J6  23[]CS

INPUT A6 (|7  22[ ] REF +

INPUT A7 (Je 21[J REF -

INPUT A8 []9  20[]INPUT A18
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C

LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS

WITH SERIAL CONTROL AND 18 INPUTS

conversion in 9 us for the TLC545, and 17 us for the TLC5486, over the full operating temperature range.
Detailed information on interfacing to most popular microprocessors is readily availabie from the factory.

The TLC545M and the TLC546M are characterized for operation from —55°C to 125°C. The TLC545I
and the TLC546! are characterized for operation from —40°C to 85°C. The TLC545C and the TLC546C
are characterized for operation from 0°C to 70°C.

functional block diagram

REF+ REF—
. SAMPLE . ANALOG-TO-DIGITAL <
AND CONVERTER
lw) ] HOLD (SWITCHED-CAPACITORS)
Q -]
& ANALOG 20.CHANNEL s
neuts § ] T anavoc 7
(7)) —] MULTIPLEXER
- ] OUTPUT 8 8-T0-1 DATA DATA
[ — DATA #“—— SELECTOR AND QUTPUT
o —] 5 INPUT REGISTER DRIVER
-+ — < ADDRESS
«» —] REGISTER J
A 4 3 4 J
4 p
4
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| SELF-TEST CONTROL LOGIC
REFERENCE > AND 1/0
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cLock 4
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.
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2-174

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

operating sequence

lrl2falals|s]> | v ]2]3]als]e]7]s
ccg%K_,,_rvummnﬂ [oow ) Feme ],
¢——ACCESS—p] ﬁ——SAMPLE—M— conv ——% d————ACCESS——h H—SAMPLE_p
cs ' CYCLE B 1+ CYCLEB (SeeaneA)' CYCLEC I + CYCLEC !
_]-—/,‘— wH(CS) .Lj’— [
(See Note C)
ms8 LSB DON'T
T PR 7 (ea)eaXerX(eoy——
c4
weuT @@@Q 80 I
HI-2
HI-Z STATE STATE
"our ¢ DO
ouT
A7 B7
4— PREVIOUS CONVERSION DATA A —Pp 4———— CONVERSION DATA B ————p
MsSB LSB MsB MSB LSB MSB

(See Note B)

NOTES: A. The conversion cycle, which requires 36 system clock periods, is initiated with the 8th 1/0O clock! after CS!{ for the channel
whose address exists in memory at that time. .
B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining
seven bits (AB-AO) will be clocked out on the first seven 1/0 clock falling edges.
C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three system clock cycles (or less) after
a chip select transition before responding to control input signals. Therefore, no attempt should be made to clock-in address
data until the minimum chip-select setup time has elapsed.

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

Supply voltage, VCC (see Note 1) ... .o 6.5V
Input voltage range (any input) ... ........ .. .. . . . ... ... .., -0.3VtoVce +0.3V
Output voltage range . . . . ... ... -0.3VtoVce +0.3V
Peak input current range (any input) ... ... ... ... L +10 mA
Peak total input current (all inputs) . . .. ... .. ... .. e +30 mA
Operating free-air temperature range: TLC545M, TLC546M ... .............. —-55°C to 125°C

TLC5451, TLC5461 .. .................. —40°C to 85°C

TLC545C, TLC546C . .. .................. 0°C to 70°C
Storage temperature range . . ... .. ...ttt i e ~65°C to 160°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

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

Data Sheets N
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

recommended operating conditions

sjaayg eieq E

TLC545 TLC546 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Vce 4.75 5 5.5 4.75 5 5.5 \
Positive reference voltage, Vief + (see Note 3) 0 Vee Vec+0.1 0 Vee Vec+0.1) VvV
Negative reference voltage, Vyef — (see Note 2) -0.1 0 Vce -0.1 0 Vee \
Differential reference voltage, Vief + — Vief— (see Note 2) 0 Vee Vect+0.2 0 Vec Vec+0.2 VvV
Analog input voltage (see Note 2) 0 Vce 0 Vvee \
High-level control input voltage, V|4 2 2 \%
Low-level control input voltage, Vi 0.8 0.8 \
Setup time, address bits at data input before 1/0 CLKT, tg;(A) 200 400 ns
Address hold time, tp 0 0 ns
Setup time, CS low before clocking in first 3 3 S:Izt:':n
address bit, tgy(Cs) (see Note 3) cycles
System
Chip select high during conversion, twH(CS) 36 36 clock
cycles
Input/Output clock frequency, fcLk(1/0) 0 2.048 0 1.1 | MHz
System clock frequency, fcLk(SYS) feLk/0) 4 | fekwo) 2.1 | MHz
System clock high, twH(SYS) 110 210 ns
System clock low, twL(SYS) 100 190 ns
Input/Output clock high, twH(i/0) 200 404 ns
Input/Output clock low, tw) (1/0) 200 404 ns
3 ) System fcLk(sys) = 1048 kHz 30 30 ns
Clock transition time fcLk(sys) > 1048 kHz 20 20
(see Note 4) 1o fCLK(1/0) < 525 kHz 100 100 ns
fcLk(i/0) > 525 kHz 40 40
TLC545M, TLC546M -55 125 -55 125
Operating free-air temperature, Tp | TLC545(, TLC546I -40 85 -40 85 °C
TLC545C, TLC546C 0 70 0 70

NOTES: 2. Analog input voltages greater than that applied to REF + convertas all ““1"’s (11111111), while input voltages less than that
applied to REF — convert as all ‘‘0’’s (00000000). As the differential reference voltage decreases below 4.75 V, the total
unadjusted error tends to increase.

3. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (or less)
after a chip select falling edge or rising edge is detected before responding to control input signals. Therefore, no attempt
should be made to clock-in address data until the minimum chip select setup time has elapsed.

4. This is the time required for the clock input signal to fall from V|4 min to V| max or tc rise from V| max to Vj4 min. In
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data
acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.

o
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

electrical characteristics over recommended operating temperature range,

VCC = Vref+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.048 MHz for TLC545

or fCLK(1/0) = 1.1 MHz for TLC546

PARAMETER TEST CONDITIONS MIN  TYP!  mAx| uNIT
VoH High-level output voltage (pin 24) Vee = 475V, loH = —360 pA 2.4 \
VoL Low-level output voltage Vce = 475V, loL = 3.2 mA 0.4 \4
oz Off-state (high-impedance state) Vo = Ve, TS at Ve 10 A
output current Vo =0, CS at Voo -10
IIH High-level input current V| = Vce 0.005 2.5 uA
TN Low-level input current Vi=0 -0.006 -2.5 nA
Icc Operating supply current CSatoV 1.2 2.5 mA 2
Selected channel at V¢, 0.4 1
Selected channe! leakage current Unselected channel at 0 v nA n
Selected channel at 0 V, -
-0.4 -1 (3]
Unselected channel at Vo Q
Icc + lref Supply and reference current Vief+ = Vce. CSat0oV 1.3 3 mA <
. Analog inputs 7 55 72
Ci Input capacitance Control inputs 5 15 pF S
TAll typical values are at To = 25°C. 8
operating characteristics over recommended operating free-air temperature range,
Vce = Vief+ = 4.75 V to 5.5 V, fCLK(1/0) = 2.048 MHz for TLC545 or 1.1 MHz for
TLC546, fCLK(SYS) = 4 MHz for TLC545 or 2.1 MHz for TLC546
PARAMETER TEST CONDITIONS TLC545 TLC546 UNIT
MIN TYP MAX MIN TYP MAX
Linearity error See Note 5 +0.5 +0.5 LSB
Zero error See Note 6 +0.5 +0.5 LSB
Full-scale error See Note 6 +0.5 +0.5 LSB
Total unadjusted error See Note 7 +0.5 +0.5 LSB
Self-test output code Input A19 address = 10011 01111101 10000011 101111101 10000011
(See Note 8) (125) (131) (125) (131)
tcony Conversion time See Operating Sequence 9 17 us
Total acvcessvand See Operating Sequence 13 25 us
conversion time
B 1/0
tacq Channel acquisition See Operating Sequence 3 3 clock
time (sample cycle)
cycles
Time output data
ty remains valid after 10 10 ns
1/0 clockl
t Delay time, 1/0 clz?ckl 300 200 ns
to data output valid
See Parameter
ten Output er\able tl.me Measurement 150 150 ns
tdis Output disable time . 150 150 ns
- - Information
trbus) Data bus rise time 300 300 ns
tf(bus) Data bus fall time 300 300 ns
NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. 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.
7. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
8. Both the input address and the output codes are expressed in positive logic. The A19 analog input signal is internally generated
and is used for test purposes.
+p
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

PARAMETER MEASUREMENT INFORMATION

Vee
14V 3k
k8 ouTPUT EST POI OUTPUT
UNDER TEST TEST POINT UNDER TEST TEST POINT
cL 3k cL
OUTPUT TEST (see NoTE A) ] (SEE NOTE A) 7]
UNDER TEST POINT = = ==
(SEE NOTE B) (SEE NOTE B)
CL
2 (SEE NOTE A) I
o LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
o tg. tr, AND t¢ tpzH AND tpyz tpzL AND tp 2
P=3
[V
Ve
»n _ ¢
=2 cs 50%
® (I — —ov
e |
-
@ |
SYSTEM | '
cLoCcK ]
| |
—> tpz [4— — ez [
| |
OUTPUT | | | } Vee
WAVEFORM 1 (SEE NOTE B) | 50% |
(SEE NOTE C) | Me————t ov
—>! tpzHl¢— — tpHz le—
| |
OUTPUT | “e0% ~ — — — VoH
WAVEFORM 2 50%
(SEE NOTE C) ov

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

| OUTPUT
—td—»
|
—————————— 24V
DATA
outTpPUT e e e o8V
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR

RISE AND FALL TIMES

NOTES: A. C_ = 50 pF for TLC545 and 100 pF for TLC546
B. ten = tpzH OF tpzL, tdis = tPHZ Of tPLZ
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

{i’
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TLC545M, TLC5451, TLC545C, TLC546M, TLC5461, TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

principles of operation

The TLC545 and TLC546 are both complete data acquisition systems on single chips. Each includes such
functions as system clock, sample-and-hold, 8-bit A/D converter, data and control registers, and control
logic. For flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input, /0
clock, and System clock. These control inputs and a TTL-compatible 3-state output facilitate serial
communications with a microprocessor or microcomputer. The TLC545 and TLC546 can complete
conversions in a maximum of 9 and 17 us respectively, while complete input-conversion-output cycles
can be repeated at a maximum of 13 and 25 us, respectively.

The System and I/0 clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is aoplied to the System clock input, the
control hardware and software need only be concerned with addressing the desired analog channel, reading
the previous conversion result, and starting the conversion by using the I/O clock. The System clock will
drive the “’conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Output pin is in a high-impedance condition, and the Address Input and 1/0O
Clock pins are disabled. This feature allows each of these pins, with the exception of the CS, to share
a control logic point with their counterpart pins on additional A/D devices when additional TLC545/TLC546
devices are used. Thus, the above feature serves to minimize the required control logic pins when using
multiple A/D devices.

The control sequence has been designed to minimize the time and effort required to initiate conversion
and obtain the conversion result. A normal ccntroi sequence is:

1. CSis brought low. To minimize errors caused by noise at the Cs input, the internal circuitry waits
for two rising edges and then a falling edge of the System clock after a CS transition before the
transition is recognized. The MSB of the previous conversion result will automatically appear on
the Data Out pin.

2. A new positive-logic multiplexer address is shifted in on the first five rising edges of the I/0 clock.
The MSB of the address is shifted in first. The negative edges of these five 1/0 clocks shift out
the 2nd, 3rd, 4th, 5th, and 6th most significant bits of the previous conversion result. The on-
chip sample-and hold begins sampling the newly addressed analog input after the 5th falling edge.
The sampling operation basically involves the charging of internal capacitors to the level of the
analog input voltage.

3. Two clock cycles are then applied to the I/O pin and the 7th and 8th conversion bits are shifted
out on the negative edges of these clock cycles.

4. The final 8th clock cycle is applied to the I/O clock pin. The falling edge of this clock cycle completes
the analog sampling process and initiates the hold function. Conversion is then performed during
the next 36 system clock cycles. After this final [/O clock cycle, CS must go high or the /O clock
must remain low for at least 36 system clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the 1/0 Clock line. If glitches occur
on the 1/O Clock line, the 1/0 sequence between the microprocessor/controller and the device will lose
synchronization. Also, if CS is taken high, it must remain high until the end of conversion. Otherwise,
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps
1 through 4 before the 36 system clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

Data Sheets n
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TLC545M, TLC545l1, TLC545C, TLC546M, TLC546], TLC546C
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 19 INPUTS

principles of operation (continued)

sjoays eieqg N

It is possible to connect the system and I/O clocks together in special situations in which controlling circuitry
points must be minimized. In this case, the following special points must be considered in addition to the
requirements of the normal control sequence previously described.

1. When CS is recognized by the device to be at a low level, the common clock signal is used
as an 1/0 clock. When the CS is recognized by the device to be at a high level, the common
clock signal is used to drive the ‘‘conversion crunching’’ circuitry.

2. The device will recognize a CS transition only when the CS input changes and subsequently
the system clock pin receives two positive edges and then a negative edge. For this reason,
after a CS negative edge, the first two clock cycles will not shift in the address because a
low CS must be recognized before the I/O clock can shift in an analog channel address. Also,
upon shifting.in the address, CS must be raised after the 6th I/O clock, which has been
recognized by the device, so that a CS low level will be recognized upon the lowering of the
8th 1/0 clock signal recognized by the device. Otherwise, additional common clock cycles will
be recognized as |/0 clocks and will shift in an erroneous address.

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins
sampling upon the negative edge of the 5th I/O clock cycle, the hold function is not initiated until the negative
edge of the 8th 1/O clock cycle. Thus, the control circuitry can leave the 1/0 clock signal in its high state
during the 8th 1/O clock cycle, until the moment at which the analog signal must be converted. The
TLC545/546 will continue sampling the analog input until the 8th falling edge of the 1/O clock. The control
circuitry or software must then immediately lower the 1/0 clock signal to initiate the hold function at the
desired point in time and to start conversion.

Detailed information on interfacing to most popular microprocesors is readily available from the factory.
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

D2816, NOVEMBER 1983 —REVISED OCTOBER 1988

® LinCMOS™ Technology D OR P PACKAGE
(TOP VIEW)
® Microprocessor Peripheral or Stand-Alone
Operation : Rer+ [ Usvee
ANALOG IN[]2 7[]10 cLock
® 8-Bit Resolution A/D Converter REF - []3 6 [JDATA OUT
® Differential Reference Input Voltages GND[]4 5[ ]CS
® Conversion Time . .. 17 us Max
® Total Access and Conversion Cycles Per Second
TLC548 . . . up to 45,500
TLC549 . . . up to 40,000 2
® On-Chip Software-Controllable Sample-and-Hold
® Total Unadjusted Error . . . £+0.5 LSB Max 3
® 4-MHz Typical Internal System Clock 3
® Wide Supply Range .. .3V to 6V é:’
® Low Power Consumption ... 6 mW Typ ©
-’
® Ideal for Cost-Effective, High-Performance Applications Including Battery-Operated Portable ©
Instrumentation (a]
® Pinout and Control Signals Compatible with the TLC540 and TLC545 8-Bit A/D Converters and with
the TLC1540 10-Bit A/D Converter
description
The TLC548 and TLC549 are LInCMOS™ A/D peripheral integrated circuits built around an 8-bit switched-
capacitor successive-approximation ADC. They are designed for serial interface with a microprocessor
or peripheral through a 3-state data output and an analog input. The TLC548 and TLC549 use only the
Input/Output Clock (I/O Clock) input along with the Chip Select (CS) input for data control.
The maximum /O clock input frequency of the TLC548 is guaranteed up to 2.048 MHz, and the |/O clock
input frequency of the TLC549 is guaranteed to 1.1 MHz. Detailed information on interfacing to most popular
microprocessors is readily available from the factory.
Operation of the TLC548 and the TLC549 is very similar to that of the more complex TLC540 and TLC541
devices; however, the TLC548 and TLC549 provide an on-chip system clock that operates typically at
4 MHz and requires no external components. The on-chip system clock allows internal device operation
to proceed independently of serial input/output data timing and permits manipulation of the TLC548 and
TLC549 as desired for a wide range of software and hardware requirements. The 1/O Clock together with
the internal system clock allow high-speed data transfer and conversion rates of 45,500 conversions per
second for the TLC548, and 40,000 conversions per second for the TLC549.
Additional TLC548 and TLC549 features include versatile control logic, an on-chip sample-and-hold circuit
that can operate automatically or under microprocessor control, and a high-speed converter with differential
high-impedance reference voltage inputs that ease ratiometric conversion, scaling, and circuit isolation
from logic and supply noises. Design of the totally switched-capacitor successive-approximation converter
circuit allows conversion with a maximum total error of + 0.5 least significant bit (LSB) in less than 17 us.
The TLC548M and TLC549M are characterized for operation over the temiperature range of —55°C
to 125°C. The TLC548! and TLC549I are characterized for operation from —40°C to 85°C. The TLC548C
and TLC549C are characterized for operation from 0°C to 70°C.
LinCMOS is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated
curen s o plation G, Fpiuets Sxiorm t Texas W
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

functional block diagram

1)
EF+
R @ 8BIT
REF— ANALOG-TO- s
. DIGITAL /
ANALOG (2) si""\"';LE CONVERTER 7 8
INPUT HOLD (SWITCHED- OUTPUT /4 8-TO-1 DATA
CAPACITORS) DATA 7 | seLector | (6) pata
REGISTER 7 AND OUTPUT
— DRIVER
<
2 £
INTERNAL
SYSTEM
o CLOCK CONTROL
Q ®) LOGIC
E;‘ cs AND
@) OUTPUT
1/0 CLOCK
wn COUNTER
=2
(5]
o
” -
»  operating sequence
l112]3|lals|6l7]s l11213]lals|e|7]|s
vo o, MMM LU L oowy eane )
CLOCK 1 [ | ’ [ [ |
}_ ACCESS | | SAMPLE teony ! ACCESS e SAMPLE
tsu(CS)H—b CYCLEB CYCLEB (See Note A) —> CYCLE C CYCLE C
cs | tsu(CS)
L, . I
;o e——tWH(CS)— 7
l |
! HIZ STATE | nz
DATA - | STATE
out— KA X ae X as XaeX a3 Xaz X A ro Yo e X e X ms X s X 53 X 22 X 2 XX
| | A7 (] B7
| —PREVIOUS CONVERSION DATA A—b} | ¥————— CONVERSION DATA B—— |
ten-e—»i MSB LSB MSB ten—»| WMSB LSB MsB

(See Note B)

NOTES: A. The conversion cycle, which requires 36 internal system clock periods (17 us maximum), is initiated with the 8th 1/0 clock
pulse trailing edge after CS goes low for the channel whose address exists in memory at the time.
B. The most significant bit (A7) will automatically be placed on the DATA OUT bus after TS is brought low. The remaining seven
bits (A6-A0) will be clocked out on the first seven 1/O clock falling edges. B7-BO will follow in the same manner.

{i’
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

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

Supply voltage, VCC (see Note 1) . . .. . 6.5V
Input voltage range at any input. . .. ........... ... ... . -0.3VtoVcc+ 0.3V
Output voltage range . . .. ... ..t -0.3VtoVcc+ 0.3V
Peak input current range (any input) . . ... .. ... +10 mA
Peak total input current range (all inputs) . . . .......... ... ... ... +30 mA
Operating free-air temperature range (see Note 2): TLC548M, TLC549M . ... ... -55°C to 125°C

TLC548l, TLC5491 . ......... —-40°C to 85°C

TLC548C, TLC549C ........... 0°C to 70°C
Storage temperature range . . ... .. ... -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. ... .................. 260°C

N

NOTES: 1. All voltage values are with respect to the network ground terminal with the REF — and GND terminal pins connected together,

unless otherwise noted.

Data Sheets

2. The D package is not recommended below —40°C.
recommended operating conditions
TLC548 TLC549 UNIT
MIN NOM MAX MIN NOM MAX
Supply voltage, Voo 3 5 6 3 5 6 \Y
Positive reference voltage, VRgF + (see Note 3) 2.5 Vee Vee+ 0.1 25 Vee Vec+0.1 \
Negative reference voltage, VRgfF — (see Note 3) -0.1 0 2.5 -0.1 [¢] 2.5 \
Differential reference voltage, VREf 4+, VREF — (see Note 3) 1 Vee Vee+0.2 1 Vee Vec+02 ] Vv
Analog input voltage (see Note 3) 0 Vee 0 Veel Vv
High-level control input voltage, V| (for Vcc = 4.75 V to 5.5 V) 2 2 \
Low-level control input voltage, V| (for Vcc = 4.756 V to 5.5 V) 0.8 0.8 \%
Input/output clock frequency, fcLk(1/0) o 2,048 o 1.1 | MHz
(for Vec = 4.75 V1o 5.5 V)
Input/output clock high, tywH(1/0) (for Vee = 4.75 V 10 5.5 V) 200 404 ns
Input/output clock low, ty (/0) (for Vcc = 4.75V to 5.5 V) 200 404 ns
Input/output clock transition time, ty(|/0) (see Note 4) 100 100 | ns
(for Vcc = 475V to 5.5 V)
Duration of CS input high state during conversion, twH(CS) 17 17 us
(for Vgc = 4.75 V to 5.5 V)
Setup time, CS low before first /0 clock, tsu(CS)
1.4 1.4 s

(for Vcc = 4.75 V to 5.5 V) (see Note 5)

TLC548M, TLC549M -55 125 - 55 125
Operating free-air temperature, T TLC548!, TLC5491 -40 85 -40 85| °C

TLC548C, TLCB49C ] 70 0 70

NOTES: 3. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that

applied to REF — convert to all zeros (00000000). For proper operation, the positive reference voltage VRgF +, must be at
least 1 V greater than the negative reference voltage VRgF — . In addition, unadjusted errors may increase as the differential
reference voltage VRep + — VREp - falls below 4.75 V.

4. This is the time required for the input/output clock input signal to fall from Vi min to V) max or to rise from V| max to
V|H min. In the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 us
for remote data acquisition applications in which the sensor and the ADC are placed several feet away from the controlling
microprocessor.

5. To minimize errors caused by noise at the TS input, the internal circuitry waits for two rising edges and one falling edge of
internal system clock after CS! before responding to control input signals. This CS set-up time is given by the tep and tgy(CS)
specifications.

i
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

electrical characteristics over recommended operating free-air temperature range,

Vce = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/0) = 2.048 MHz for TLC548
or 1.1 MHz for TLC549

PARAMETER TEST CONDITIONS MiN TYP! MAX | UNIT
VoH High-level output voltage Vce = 475V, gy = —360 pA 2.4 \%
VoL Low-level output voltage Vece = 475V, gL = 3.2mA 0.4 \%
oz Off-state (high-impedance Vo = Vg, CS at Ve 10 v
state) output current Vo =0, CS at Vce -10
hH High-level input current, control inputs Vi = Vce 0.005 2.5 nA
he Low-level input current, control inputs Vi=0 ~0.005 -2.5 wA
on) Analog channel on-state input Analog input at Ve 0.4 1 A
current, during sample cycle Analog input at 0 V -0.4 -1
Icc Operating supply current CSatoVv 1.8 2.5 mA
QO) Icc+!Rep Supply and reference current VRer+ = Vcc 1.9 3] mA
B [0 oo [ —a -
%2] . . . .
== operating characteristics over recommended operating free-air temperature range,
® Vcc = VREF+ = 4.75 V to 5.5 V (unless otherwise noted), fCLK(l/O) = 2.048 MHz for TLC548
@ or 1.1 MHz for TLC549
7]
TLC548 TLC549
PARAMETER TEST CONDITIONS MIN TYPT  MAX | MIN  TYPT  MAX UNIT
Linearity error See Note 6 +0.5 +0.5 =SB
Zero error See Note 7 +0.5 +0.5 LSB
Full-scale error See Note 7 +0.5 +0.5 LSB
Total unadjusted error See Note 8 +0.5 +0.5 LSB
tcony Conversion time See Operating Sequence 8 17 12 17 us
Total access and conversion time See Operating Sequence 12 22 19 25 us
o . 110
Channel acquisition time .
tacq (sample cycle) See Operating Sequence . 4 4 | clock
cycles
Time output data remains
tv ) 10 10 ns
valid after /O clock!
g Delay time to data 1/0 clockl 300 400 | ns
output valid
ten Output enable time 1.4 1.4 s
tdis Output disable time See Parameter 150 150 ns
tr(bus) Data bus rise time Measurement Information 300 300 ns
tf(bus) Data bus fall time 300 300 ns
TAll typicals are at Vce =5V, Ta = 25°C.
NOTES: 6. Linearity error is the deviation from the best straight line through the A/D transfer characteristics.
7. 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.
8. Total unadjusted error is the sum of linearity, zero, and full-scale errors.
3
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

PARAMETER MEASUREMENT INFORMATION

Vce
14V 3kQ
3kQ OUTPUT TEST POINT ouTPUT
UNDER TEST UNDER TEST TEST POINT
cL 3k cL
OouTPUT TEST (SEE NOTE A) (SEE NOTE A) 7]
UNDER TEST POINT = = =
c (SEE NOTE B) (SEE NOTE B)
L
(SEE NOTE A) * I
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
tg, tr, AND t¢ tpz AND tpyz tpzy AND tp 7

Vece
©s 50% 50% /
| Al
|

| |
ouTPUT | ;] — Vee | | Vee
WAVEFORM 1 | 50% ' !
(SEE NOTE C) | | 10%
|
OUTPUT "
WAVEFORM 2 ){50% ! 90%
(SEE NOTE C) \
|4— tPHZ ——.| ov

(SEE NOTE B)

Data Sheets N

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

)
cLock
ouTPUT I
1
1
1, tf
24V gl > e
DATA
outrUT SN . 08V
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR

RISE AND FALL TIMES

NOTES: A. C_ = 50 pF for TLC548 and 100 pF for TLC549; C includes jig capacitance.
B. ten = tpzH or tpzL, tdis = tPHZ of tpLZ.
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

Texas “9
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

PRINCIPLES OF OPERATION

The TLC548 and TLC549 are each complete data acquisition systems on a single chip. Each contains an internal
system clock, sample-and-hold, 8-bit A/D converter, data register, and control logic circuitry. For flexibility and
access speed, there are two control inputs: I/O Clock and Chip Select (CS). These control inputs and a TTL-
compatible three-state output facilitate serial communications with a microprocessor or minicomputer. A
conversion can be completed in 17 us or less, while complete input-conversion-output cycles can be repeated
in 22 us for the TLC548 and in 25 us for the TLC549.

The internal system clock and I/O clock are used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for the device.
Due to this independence and the internal generation of the system clock, the control hardware and software
need only be concerned with reading the previous conversion result and starting the conversion by using the
1/0 clock. In this manner, the internal system clock drives the “’conversion crunching’’ circuitry so that the control
hardware and software need not be concerned with this task.

When CS is high, the data output pin is in a high-impedance condition and the 1/O clock pin is disabled. This
CS control function allows the /0 Clock pin to share the same control logic point with its counterpart pin when
additional TLC548 and TLC549 devices are used. This also serves to minimize the required control logic pins
when using multiple TLC548 and TLC549 devices.

The control sequence has been designed to minimize the time and effort required to initiate conversion and
obtain the conversion result. A normal control sequence is:

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for
two rising edges and then a falling edge of the internal system clock after a CS{ before the transition
is recognized. However, upon a CS rising edge, DATA OUT will go to a high-impedance state within
the tdjs specification even though the rest of the IC’s circuitry will not recognize the transition until
the tgy(CS) specification has elapsed. This technique is used to protect the device against noise when
used in a noisy environment. The most significant bit (MSB) of the previous conversion result will initially
appear on the DATA OUT pin when CS goes low.

2. The falling edges of the first four I/O clock cycles shift out the 2nd, 3rd, 4th, and 5th most significant
bits of the previous conversion result. The on-chip sample-and-hold begins sampling the analog input
after the 4th high-to-low transition of the /O Clock. The sampling operation basically involves the charging
of internal capacitors to the level of the analog input voltage.

3. Three more /0 clock cycles are then applied to the I/O pin and the 6th, 7th, and 8th conversion bits
are shifted out on the falling edges of these clock cycles.

4. The final, (the 8th), clock cycle is applied to the I/O clock pin. The on-chip sample-and-hold begins the
hold function upon the high-to-low transition of this clock cycle. The hold function will continue for
the next four internal system clock cycles, after which the holding function terminates and the conversion
is performed during the next 32 system clock cycles, giving a total of 36 cycles. After the 8th /O clock
cycle, CS must go high or the /0 clock must remain low for at least 36 internal system clock cycles
to allow for the completion of the hold and conversion functions. CS can be kept low during periods
of multiple conversion. When keeping CS low during periods of multiple conversion, special care must
be exercised to prevent noise glitches on the 1/0 Clock line. If glitches occur on the /O Clock line, the
1/0 sequence between the microprocessor/controller and the device will lose synchronization. If [
is taken high, it must remain high until the end of conversion. Otherwise, a valid high-to-low transition
of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1
through 4 before the 36 internal system clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

{/
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TLC548, TLC549
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL
PERIPHERAL WITH SERIAL CONTROL

PRINCIPLES OF OPERATION

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins sampling
upon the high-to-low transition of the 4th 1/O clock cycle, the hold function does not begin until the high-to-low
transition of the 8th 1/O clock cycle, which should occur at the moment when the analog signal must be converted.
The TLC548 and TLC549 will continue sampling the analog input until the high-to-low transition of the 8th
1/0 clock pulse. The control circuitry or software will then immediately lower the 1/0 clock signal and start the
holding function to hold the analog signal at the desired point in time and start conversion.

Detailed information on interfacing to the most popular microprocessor is readily available from Texas Instruments.

Data Sheets E

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

D2873, SEPTEMBER 1986 —REVISED FEBRUARY 1989

Data Sheets N

® Advanced LinCMOS™ Silicon-Gate ALL TYPES . . . DW OR N PACKAGE
Technology TLCO820_M . . . J PACKAGE
(TOP VIEW)
® 8-Bit Resolution 7
. . ANLG IN[J1 U20[]vee
® Differential Reference Inputs iLse) po [z 19fINC
® Parallel Microprocessor Interface D13 18] OFLW
4 171 |D7 (MSB
® Conversion and Access Time Over [I;CZ’, E 5 , 6;;]] D6 ( )
Temperature Range s
WR/RDY { }6 15[ | D5
Write-Read Mode . . . 1.18 us and 1.92 us MODE E . 14% D4
Read Mode . . . 2.5 ps Max RO (e 13[)cs
® No External Clock or Oscillator Components INT [0 12[ ] REF +
Required GND{J1o  M[JREF-
® On-Chip Track-and-Hold TLCO820_M . . . FK PACKAGE
® Low Power Consumption . . . 50 mW Typ TLCO820_I. TLCOB20_C . . . FN PACKAGE
ADC0820__Cl, ADC0820__C . . . FN PACKAGE
® Single 5-V Supply (TOP VIEW)
® TLCO820B is Direct Replacement for g z
National Semiconductor ADC0820B/BC and 49 4
Analog Devices AD7820L/C/U; 58z %¢
TLCO820A is Direct Replacement for
National Semiconductor ADC0820C/CC and 2
Analog Devices AD7820K/B/T D2 OFLW
D3 D7 (MSB)
description WR/RDY b6
MODE D5
The TLCO820A, TLC0820B, ADC0820B, and RD D4
ADCO0820C are Advanced LinCMOS™ 8-bit 10
analog-to-digital converters each consisting of = —
two 4-bit “‘flash’’ converters, a 4-bit digital-to- z S ad lo
analog converter, a summing (error) amplifier, opd

control logic, and a result latch circuit. The
modified ‘‘flash’’ technique allows low-power NC ~No internal connection
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.

The M-suffix devices are characterized for operation over the full military temperature range of —55°C
to 125°C. The |-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 Copyright © 1986, Texas Instruments Incorporated

current as of publication date. Products conform to (}

specifications per the terms of Texas instruments TEXAS

standard warranty. Production processing does not 2-189
necessarily include testing of all parameters. INSTRUMENTS
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TLC0820A, 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 +1 LSB
TLCO820AM DW, FK, J, N -55°C to 125°C +1LSB
TLCO820BC DW, FN, N 0°C to 70°C +0.5 LSB
TLCO8208BI DW, FN, N —40°C to 85°C +0.5 LSB
TLCO820BM DW, FK, J, N -55°C to 126°C +0.5 LSB
ADC0820BC DW, FN, N 0°C to 70°C +0.5 LSB
ADCO820BCI | 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 +1LSB

functional block diagram

Tin many instances, these ICs may have both TLC0820 and ADC0820 labeling
on the package.

s}99yg eieq M

(12) 4-BIT FLASH
REF (11) ANALOG-TO- |4 4 (18)
REF — DIGITAL s ——— OFLW
CONVERTER (2) N
(4 MSBs) DO (LSB)
a B o,
(4)
o  amr outpuT |4 .,
LATCH
DIGITAL- 5) s
A TO-ANALOG 5 :;":TE P [ DIGITAL
< - ‘ OUTPUTS
CONVERTER BUFFERS pa
(L.
L[ aBimFLasH | (16 ¢
anaLog-To- |, 17)
T DIGITAL . ——— D7 (MSBI
-1 . CONVERTER
ang in 2 1 (4 LSBs)
7
mooe 2
_ 6
WR/RDY 2L b TIMING 9
—_ (13) AND T
cs CONTROL
(8
RD
TeExAs ‘bi
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TLCO820A, TLCO820B, ADC0820B, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

NAME PN NUMBER DESCRIPTION

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 tyRj_ 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-uA 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 4+, 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 — 1 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 CS 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 CS, 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)

2-192

TLC0820__| | TLC0820_C
TLC0820__M UNIT
ADC0820__Ci | ADC0820__C
Supply voltage, Ve (see Note 1) 10 10 10 Vv
-0.2 t -0.2t -0.2to
Input voltage range, all inputs (see Note 1) VCC*'O?Z Vcc+0?2 Vee+0.2 \
Output voltage range, all outputs (see Note 1) ~0.2t0 ~0.2t0 ~0:2t0 v
u , u
P 9¢ rang P Vec+0.2 | Vee+0.2 | veg+0.2
Operating free-air temperature range -55to 125 —40 to 85 0to 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 t ture 1,6 1/16 inch) f
ead temperature mm ( 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
TLC0820_! TLC0820_C
TLC0820__M
ADC0820__Ct 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 Vee+0.1 \
Positive reference voltage, VREF + VREF - Vee | VREF- Vee | VREF- Vee \%
Negative reference voltage, VREf — GND VRep+| GND VRer+| GND VREF + \%
High-level inputj 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| Voc = 4.75 V|CS, WR/RDY, RD 0.8 0.8 0.8 v
voltage, V) to 5.25 V MODE 1.5 1.5 1.5
Delay to next conversion, t4(NC)
500 500 500
(see Figures 1, 2, 3, and 4) ns
Delay time from WR to RD in write-read mode,
) 0.4 0.4 0.4 us
tgWR (see Figure 2)
Write-pulse duration i ite-read mode, t,
rite Fu se duration in write-read mode, tyw 0.5 50 0.5 50 0.5 50 us
(see Figures 2, 3, and 4)
Operating free-air temperature, Tp -55 126 | -40 85 0 70 °C
T ’
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TLC0820A, TLCO820B, 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
\ = 4.75V,
cc Full range 2.4
) —— | loy = -360uA
VoH High-level output voltage Any D, INT, or OFLW \%
Vee = 475V, Full range 4.5
I0H = - 10 pA 25°C 4.6
Any D, OFLW, INT, Vee = 5.25 V, Full range 0.4
VoL Low-level output voltage — \
or WR/RDY loL = 1.6 mA 25°C 0.34
CS or RD Full range 0.005 1
J— Full range 3
. . WR/RDY
IIH High-level input current ViH = 5V 25°C 0.1 0.3 A
MODE Full range 200 2
25°C 50 170
. CS, WR/RDY, RD, (]
hL Low-level input current ViL=10 Full range -0.005 -1 A e
or MODE QO
Full range 3 Qo
o Vo = 5V g c
Off-state (high-impedance J— 25°C 0.1 0.3
loz Any D or WR/RDY nA (73]
state) output current Ve = 0 Full range -3
0= 25°C ~01 -03 s
CSat5V, Full range 3 [4+]
, V=5V 25°C 03 (]
] Analog input current — HA
CSatbV, Full range -3
Vi =0 25°C -0.3
Any D, OFLW, INT, Full range 7
— Vo =5V
or WR/RDY 25°C 8.4 14
| Short-circuit output t | Any D or OFLW Full range —6 A
- n m
0Ss ort-circuit output curre ny or 2509C ~72 12
Vo =0
NT Full range -4.5
25°C -5.3 -9
R Ref st Full range 1.25 6 @
eference resistanc
ref © stance 25°C 14 23 53
| Supo! . CS., WR/RDY, Full range 15 A
u curren j— m,
cc supel and RB at O V 25°C 75 13
c | . it Any digital Ful 5 .
i apacitance ull range
i Inputcap ANLG IN 9 45 P
Co Output capacitance Any digital Full range 5 pF
TAll typical values are at Tp = 25°C.
Texas W
I EXAS 2.193
NSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



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

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

sjeays eieq m

TLCO0820B TLCO820A
PARAMETER TEST CONDITIONS * ADC0820B ADC0820C UNIT
MIN TYP MAX MIN TYP MAX
Supply voltage
k \7 =5V + 5%, Ta = MIN to MAX| +11 +1/4 +1/1 +1/4| LSB
svs sensitivity cc % Ta ° ne / ne / S
Total unadjusted errorT| MODE pin at 0 V, To = MIN to MAX 1/2 1 LSB
Read mode . .
tconvR conversion time MODE pin at O V, See Figure 1 1.6 2.5 1.6 25 us
Internal count- MODE pinat 5V, Cp = 50 pF,
td(i 800 1300 800 1300
d(int) down delay time See Figures 3 and 4 ns
taR Access time from RD{ | MODE pin at 0 V, See Figure 1 feonvR  fconvR feonvR ToonvR| o
+20 +50 +20 +50
MODE pinat 5V, C_ = 15 pF 190 280 190 280
t A time from RD! | t, < td(int)
aR1 ceess time from dWR < Td(int) CL = 100 pF 210 320 | - 210 320 "
See Figure 2
MODE pinat 5V, Cp = 15 pF 70 120 70 120
t A time from RD! | t, i
aR2 ccess time from RDI dWR‘> td(int) CL = 100 pF 90 150 a0 150 ns
See Figure 3
taINT Access time from INT. | MODE pin at 5 V, See Figure 4 20 50 20 50| ns
. . — RL = 1 kQ, Cp = 10 pF,
tdis Disable time from RD1t . 70 95 70 95 ns
See Figures 1, 2, 3, and 5
Delay time from MODE pinat 0V, Cp = 50 pF,
t — 50 100 50 100
dRDY  Z35, to RDYL See Figure 1 "
Delay time f CL = 50 pF,
RIH ooy Ume Trom L=250p 125 225 125 226| ns
RD?T to INTT See Figures 1, 2, and 3
Delay time fi MODE pin at 5 V, t, < td(int)
tRIL oY e from - pin @ dWR < tdlint) 200 290 200 290| ns
RD{ to INT! See Figure 2
Delay time from MODE pinat5V, CL = 50 pF,
1, — _— 175 270 175 270 S
dWIH @Rt 10 INTT See Figure 4 "
Slew rate tracking 0.1 0.1 V/us

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

Exas W
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TLC0820A, TLC0O820B, ADC08208, ADC0820C
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES

PARAMETER MEASUREMENT INFORMATION

-

RD \ ;F Y.

| : le—tanc)—|
J— ]
WR/RDY | | 4— WITH EXTERNAL PULL-UP
—n k—i—tdnov —» tdRIH
INT 3& | 7‘
|

ﬂ——'coan—ﬁl |

DOD7 mmm—m———————— -g | Femmmeme-

Data Sheets H

l‘dR'L"'I :“ I lé——tdwR— —» 't——'dnm
|
NT | | | INT qk f
td(int) 44—l ] Je—tarm f¢— tdin) .
DO-D7 = == e = = !'- F— - DO-D7 o= o= == om on o om o o o - -4 ?--
taR1—p|  je- I ‘aHZ—OI j—
-+ - tdis —» ‘dis"—
FIGURE 2. WRITE-READ MODE WAVEFORMS FIGURE 3. WRITE-READ WAVEFORMS
[MODE PIN HIGH AND tqwR < td(int)] [MODE PIN HIGH AND tdgwR > td(int)]
Cs Low
RD LOW

twW '
o NN/
~o‘ |4——'dW|H |Q—Pl'—'d(NC)

e taimo—| Te_ranr
> -DATA
Do-D7 VALID

FIGURE 4. WRITE-READ MODE WAVEFORMS
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW)

INT

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

sjeays eieq m

TLCO820
OR

ADC0820

‘r "'—
VCC T T #%0%
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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, TLC0O820B, 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 VREF — + Y. 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 VREf + 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.
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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

FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

D2859, DECEMBER 1985 —REVISED JANUARY 1988

LinCMOS™ Technology J OR N DUAL-IN-LINE PACKAGE

(TOP VIEW)
® 10-Bit Resolution A/D Converter

iINPUT A0 (1 U207 vee
® Microprocessor Peripheral or Stand-Alone INPUT A1 []2 19[] SYSTEM CLOCK
Operation INPUT A2 [J3 18[] o cLock
® On-Chip 12-Channel Analog Multiplexer INPUT A3 []Ja  17[] ADDRESS INPUT
INPUT A4 [Js  16[] DATA OUT
® Built-In Self-Test Mode INPUT AS []s 15[] T8
® Software-Controllable Sample and Hold INPUT A6 []7 1a[] REF +
. INPUT A7 (J8  13[] REF -
® Total Unadjusted Error . . . INPUT A8 []o 120] INPUT A10
TLC1540: +0.5 LSB Max GND o 1] INPUT A9

TLC1541: +1.0 LSB Max

® Pinout and Control Signals Compatible with

FK OR FN CHIP CARRIER PACKAGE
TLC540 and TLC549 Families of 8-Bit A/D

Data Sheets N

(TOP VIEW)

Converters

~

3
TYPICAL PERFORMANCE C’)
Channel Acquisition Sample Time 5.5 us S(‘ 2 9( s
Conversion Time 21 ps [ S '-'1_-'
Samples per Second 32x103 2 E 03. 8 g
Power Dissipation 6 mW 22250

description INPUT A3 18] Vo cLock

The TLC1540 and TLC1541 are LiInCMOS™ A/D INPUT A4 17(] ADDRESS INPUT

oo BN RN )N I

peripherals built around a 10-bit, switched- INPUT A5 16[] DATA OUT
capacitor, successive-approximation, A/D INPUT A6 1s{ Cs
converter. They are designed for serial interface INPUT A7 14[] REF +

to a microprocessor or peripheral via a three- 9 2
state output with up to four control inputs oA oo
[including independent System Clock, 1/0 Clock, : 5 : P
Chip Select (CS), and Address Inputl. A 2 25 «
2.1-megahertz system clock for the TLC1540 z 22

and TLC1541, with a design that includes

simultaneous read/write operation, allows high-

speed data transfers and sample rates of up to

32,258 samples per second. In addition to the

high-speed converter and versatile control logic, there is an on-chip 12-channel analog multiplexer that
can be used to sample any one of 11 inputs or an internal “’self-test’’ voltage, and a sample-and-hold that
can operate automatically or under microprocessor control. Detailed information on interfacing to most
popular microprocessors is readily available from the factory.

The converters incorporated in the TLC1540 and TLC1541 feature differential high-impedance reference
inputs that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and supply
noises. A totally switched-capacitor design allows guaranteed low-error conversion (+0.5 LSB for the
TLC1540, +1 LSB for the TLC1541) in 21 microseconds over the full operating temperature range.

The TLC1540 and the TLC1541 are available in FK, FN, J, and N packages. The M-suffix versions are
characterized for operation from —55°C to 125°C. The I-suffix versions are characterized for operation
from —40°C to 85°C.

LinCMOS is a trademark of Texas Instruments Incorporated

PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated

current as of publication date. Products conform to y}

specifications per the terms of Texas Instdruments 2.199
dard warral ing does not -
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TLC1540M, TLC15401, TLC1541M, TLC15411
LinCMOS™10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

functional block diagram
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HI-Z

"t (X R XX XXX i O 0.0 0.0 0.0 O 00

44— PREVIOUS CONVERSION DATA —————p 4——————— CONVERSION DATA B
ms8 LSB MSB msB LSB MSB
(See Note B)

NOTES: A. The conversion cycle, which requires 44 System Clock periods, is initiated on the 10th falling edge of the 1/O Clock! after
CS! goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/0 Clock
must remain low for at least 44 System Clock cycles to allow conversion to be completed.

B. The most significant bit (MSB) will automatically be placed on the DATA OUT bus after CS is brought low. The remaining
nine bits (A8-A0) will be clocked out on the first nine |/O Clock falling edges.

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three System Clock cycles (or less) after
a chip-select falling edge is detected before responding to control input signals. Therefore, no attempt should be made to
clock-in address data until the minimum chip-select setup time has elapsed.
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TLC1540M, TLC15401, TLC1541M, TLC15411
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

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

Supply voltage, VCC (see Note 1) ... .. .. 6.5V

Input voltage range (any input)
Output voltage range

................................. -0.3VtoVce + 03V
........................................ -0.3VtoVce + 03V

Peak input current range (any input) .. ... ... +10 mA

Peak total input current (all inputs)
Operating free-air temperature range: TLC1540I, TLC15411

.......................................... +30 mA
.................. —40°C to 85°C

TLC1540M, TLC1541M . ... ... ....... -55°C to 125°C

Storage temperature range
Case temperature for 60 seconds: FK package

Case temperature for 10 seconds: FN package. ... ........ ... .. ... .. .. .. ... ..... 260°C

Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package

NOTE 1: All voltage values are with respect to digital ground with REF — and GND wired together (unless otherwise noted).

......................................... -65°C to 1560°C
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

recommended operating conditions

TLC1540, TLC1541

MIN NOM MAX UNIT
Supply voltage, Vo 4.75 5 5.5 \Y
Positive reference voltage, VRgF + (see Note 2) 2.5 Vce Vee+0.1 \
Negative reference voltage, VRgr — (see Note 2) -0.1 0 2.5 \%
Differential reference voltage, VRgF + — VREF - (see Note 2) 1 Vee Vee+0.2 \
Analog input voltage (see Note 2) [¢] Vee \Y%
High-level control input voltage, V|4 2 Y]
Low-level control input voltage, V| 0.8 \
Setup time, address bits before 1/0 CLKT, tg;;(a) 400 ns
Hold time, address bits after /0 CLKT, th(a) 0 ns
System
Setup time, TS low before clocking in first address bit, tsu(Cs) (see Note 3) 3 clock
cycles
System
CS high during conversion, twH(CS) 44 clock
cycles
Input/Output clock frequency, fcLk(1/0) (o] 1.1 MHz
System clock frequency, fcLk(SYs) foLK(1/0) 2.1 MHz
System clock high, tywH(SYS) 210 ns
System clock low, ty|(SYS) 190 ns
Input/Output clock high, tywH(1/0) 404 ns
Input/Output clock low, ty(1/0) 404 ns
3 4 System fCLK(SYS) = 1048 kHz 30 ns
Clock transition time fcLk(sys) > 1048 kHz 20
(see Note 4) 10 fCLK(1/0) = 525 kHz 100
ns
fcLk(1/0) > 525 kHz 40
Operating free-air TLC1540M, TLC1541M -556 125 oc
temperature, TA TLC15401, TLC15411 -40 85

NOTES: 2. Analog input voltages greater than that applied to REF + convertas all “’1"'s (11111111), while input voltages less than that
applied to REF — convert as all ‘’0"'s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts.
3. To minimize errors caused by noise at the chip select input, the internal circuitry waits for three System Clock cycles (or less)
after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should be made
to clock-in an address until the minimum chip select setup time has elapsed.
4. This is the time required for the clock input signal to fall from V| min to V| max or to rise from V| max to V{4 min. In
the vicinity of normal room temperature, the devices function with input clock transition time as slow as 2 microseconds
for remote data acquisition applications where the sensor and the A/D converter are placed several feet away from the controlling

microprocessor.
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TLC1540M, TLC15401, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

electrical characteristics over recommended operating temperature range, VCC = VREF+ = 4.75 V
to 5.5 V (unless otherwise noted), fCLK(1/0) = 1.1 MHz, fCcLK(SYS) = 2.1 MHz

T Al typical values are at Voc = 5V, T = 25°C.

PARAMETER TEST CONDITIONS MIN TYpt MAX | UNIT
VoH High-level output voltage (pin 16) Vee = 475V, loH = 360 A 2.4 \
VoL Low-level output voltage Vee = 475V, oL = 3.2mA 0.4 \
10z Off-state (high-impedance state) Vo = Vce CS at Veg 10 A
output current Vg =0, TS at Vee -10
hH High-level input current V| = Vce 0.005 2.6 A
he Low-level input current V=0 -0.005 -2.5 nA
Icc Operating supply current CSatoVv 1.2 2.5 mA
Selected channel at V¢, 0.4 1 2
Unselected channel at 0 V
Selected channel leakage current rA
Selected channel at 0 V, “0a 1 7]
Unselected channel at Voo ’ ‘a"'
Icc + IReF Supply and reference current VRer+ = Vce. CSatoV 1.3 3| mA 2
C; Input capacitance % é;::gl 'Ir:::: ; ?: pF (/)]
©
-’
a
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TLC1540M, TLC1540l, TLC1541M, TLC1541]
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

operating characteristics over recommended operating free-air temperature range,

Vce = VREF+ = 4.75V to 5.5V, fCcLK(/0) = 1.1 MHz, fcLK(SYS) = 2.1 MHz

PARAMETER TEST CONDITIONS MIN MAX UNIT
TLC1540 +0.5
Linearity error See Note 5 LS8
i rity erro TLCi541 e Note 1
TLC1540 +0.5
Zero error Ticis41 See Notes 2 and 6 Y LSB
TLC1540 +0.5
Full-scale error See Notes 2 and 6 LS8
TLC1541 +1
) TLC1540 +0.5
Total unadjusted error See Note 7 LSB
TLC1541 +1
2 Self-test output cod: | t A11 addi 1011 (See Note 8) 0111110100 1000001100
-test output code npu address = e
P P (500) (524)
U tconv Conversion time See Operating Sequence 21 us
Q Total access and conversion time See Operating Sequence 31 u“s
8 110
tacq Channel acquisition time (sample cycle)| See Operating Sequence 6 clock
[72] cycles
> .
o N Time output data remains valid 10 <
n
[} v after I/0 clockl
-+ "
Delay time, I/0 clock!
» tq v i 400 ns
to data output valid
- See Parameter
ten Output enable time 150 ns
- " Measurement
tdis Output disable time X 150 ns
— Information
tr(bus) Data bus rise time 300 ns
tf(bus) Data bus fall time 300 ns
NOTES: 2. Analog input voltages greater than that applied to REF + convertto all ““1"'s (11111111), while input voltages less than that
applied to REF — convert to all”’0’’s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than
REF — voltage. Also, the total unadjusted error may increase as this differential reference voltage falls below 4.75 volts.
5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. 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.
7. Total unadjusted error comprises linearity, zero, and full-scale errors.
8. Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated
and is used for test purposes.
U
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TLC1540M, TLC15401, TLC1541M, TLC154

1l

LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

PARAMETER MEASUREMENT INFORMATION

14V
Vee
3ka 3k
OUTPUT TEST OUTPUT TEST POINT OUTPUT TEST POINT
UNDER TEST POINT  UNDER TEST UNDER TEST
cL cL 3k cL
(SEE NOTE A) “ | \ (SEE NOTE A)C_D 1 (SEE NOTE A) =
= (SEE NOTE B) (SEE NOTE B)
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td, tr, AND t¢ tpzH AND tpyz tpzL AND tp 7
Vece
cs 50%
- — — — ov
SYSTEM
cLOCK
OUTPUT Vee
WAVEFORM 1
(SEE NOTE C) ov

OUTPUT

|
—————— v
| 9 OH
WAVEFORM 2 50%
(SEE NOTE C) ov

1/0
cLock N __ _ 08V
OUTPUT
—————————— 24v
DATA
outpUT SN e e e 08V

VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
RISE AND FALL TIMES

NOTES: A. C_ = 50 pF
B. ten = tpzH or tpzL, tgis = tPHZ Of tPLZ-

Data Sheets M

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

i
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TLC1540M, TLC15401, TLC1541M, TLC1541I
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation

sjeays eieq m

The TLC1540 and TLC1541 are complete data acquisition systems on single chips. Each includes such
functions as sample-and-hold, 10-bit A/D converter, data and control registers, and control logic. For
flexibility and access speed, there are four control inputs; Chip Select (CS), Address Input,
1/0 Clock, and System Clock. These control inputs and a TTL-compatible three-state output are intended
for serial communications with a microprocessor or microcomputer. The TLC1540 and TLC1541 can
complete conversions in a maximum of 21 microseconds, while complete input-conversion-output cycles
can be repeated at a maximum of 31 microseconds.

The System and I/O Clocks are normally used independently and do not require any special speed or phase
relationships between them. This independence simplifies the hardware and software control tasks for
the device. Once a clock signal within the specification range is applied to the System Clock input, the
control hardware and software need only be concerned with addressing the desired analog channel, reading
the previous conversion result, and starting the conversion by using the I/O Clock. The System Clock will
drive the ““conversion crunching’’ circuitry so that the control hardware and software need not be concerned
with this task.

When CS is high, the Data Output pin is in a three-state condition and the Address Input and 1/0 Clock
pins are disabled. This feature allows each of these pins, with the exception of the CS pin, to share a
control logic point with their counterpart pins on additional A/D devices when additional TLC1540/1541
devices are used. In this way, the above feature serves to minimize the required control logic pins when
using multiple A/D devices.

The control sequence has been designed to minimize the time and effort required to initiate conversion
and obtain the conversion result. A normal control sequence is:

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits
for two rising edges and then a falling edge of the System Clock after a low CS transition, before the
low transition is recognized. This technique is used to protect the device against noise when the
device is used in a noisy environment. The MSB of the previous conversion result will automatically
appear on the Data Out pin.

2. A new positive-logic multiplexer address is shifted in on the first four rising edges of the 1/0 Clock.
The MSB of the address is shifted in first. The negative edges of these four I/0 Clock pulses shift
out the second, third, fourth, and fifth most significant bits of the previous conversion result. The
on-chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling
edge. The sampling operation basically involves the charging of internal capacitors to the level
of the analog input voltage.

3. Five clock cycles are then applied to the /O pin and the sixth, seventh, eighth, ninth, and tenth
conversion bits are shifted out on the negative edges of these clock cycles.

4. The final tenth clock cycle is applied to the 1/0 Clock pin. The falling edge of this clock cycle
completes the analog sampling process and initiates the hold function. Conversion is then performed
during the next 44 System Clock cycles. After this final 1/0 Clock cycle, CS must go high or the
1/0 Clock must remain low for at least 44 System Clock cycles to allow for the conversion function.

CS can be kept low during periods of multiple conversion. When keeping CS low during periods of multiple
conversion, special care must be exercised to prevent noise glitches on the 1/O Clock line. If glitches occur
on the 1/O Clock line, the I/O sequence between the microprocessor/controller and the device will lose
synchronization. Also, if CS is taken high, it must remain high until the end of the conversion. Otherwise,
a valid falling edge of CS will cause a reset condition, which will abort the conversion in progress.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps
1 through 4 before the 44 System Clock cycles occur. Such action will yield the conversion result of the
previous conversion and not the ongoing conversion.

2-206
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TLC1540M, TLC15401, TLC1541M, TLC15411
LinCMOS™ 10-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation (continued)

It is possible to connect the System and I/O Clock pins together in special situations in which controlling
circuitry points must be minimized. In this case, the following special points must be considered in addition
to the requirements of the normal control sequence previously described.

1. When CS is recognized by the device to be at a low level, the common clock signal is used as
an 1/0 Clock. When CS is recognized by the device to be at a high level, the common clock signal
is used to drive the ‘‘conversion crunching’’ circuitry.

2. The device will recognize a CS low transition only when the CS input changes and subsequently
the System Clock pin receives two positive edges and then a negative edge. For this reason, after
aCS negative edge, the first two clock cycles will not shift in the address because a low CS must
be recognized before the 1/0 Clock can shift in an analog channel address. Also, upon shifting in
the address, CS must be raised after the eighth 1/0 Clock that has been recognized by the device,
so that a CS low level will be recognized upon the lowering of the tenth 1/0 Clock signal that is
recognized by the device. Otherwise, additional common clock cycles will be recognized as 1/0
Clock pulses and will shift in an erroneous address.

For certain applications, such as strobing applications, it is necessary to start conversion at a specific point
in time. This device will accommodate these applications. Although the on-chip sample-and-hold begins
sampling upon the negative edge of the fourth I/O Clock cycle, the hold function is not initiated until the
negative edge of the tenth 1/0 Clock cycle. Thus, the control circuitry can leave the I/0 Clock signal in
its high state during the tenth 1/O Clock cycle until the moment at which the analog signal must be converted.
The TLC1540/TLC1541 will continue sampling the analog input until the tenth falling edge of the /0 Clock.
The control circuitry or software will then immediately lower the I/O Clock signal and hold the analog signal
at the desired point in time and start conversion.

Detailed information on interfacing to most popular microprocessors is readily available from the factory.
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TLC4016M, TLCA0161

SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

D2922, JANUARY 1986 —REVISED OCTOBER 1988

Applications include signal gating, chopping,
modulation or demodulation (modem), and signal
multiplexing for analog-to-digital and digital-to-
analog conversion systems.

The TLC4016M is characterized for operation
from —55°C to 125°C, and the TLC4016l is
characterized from —40°C to 85°C.

logic diagram (positive logic)

® High Degree of Linearity TLC4016M . . . J OR N PACKAGE
TLC4016l . . . D OR N PACKAGE
® High On-Off Output Voltage Ratio (TOP VIEW)
® Low Crosstalk Between Switches NRE 1avee
® Low On-State Impedance . . . 50 Q Typ at 182 Qe
vee =9V 283 12[]4cC
2a(Js  n[Jaa
® Individual Switch Controls 2¢[s 10748
® Extremely Low Input Current ac(]s 9[]138
GND[]7 8[]3A
description
i t
The TLC4016 is a silicon-gate CMOS quadruple '°91¢ symbol
analog switch designed to handle both analog 1c 13 X1 N o
and digital signals. Each switch permits signals a0 M 1|—<»—=—1B
. ) ——e1
with amplitudes up to 12V peak to be 2c 48 A
transmitted in either direction. a0 | >3 28
Each switch section has its own enable input 3c 8 N 9 ’
control. A high-level voltage applied to this 3a (8 —¢>——38
control terminal turns on the associated switch ac12) e
i an N 19 48
section. aa

N

Data Sheets

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and

IEC Publication 617-12.
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TLC4016M, TLC4016I
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

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

Supply voltage range (see Note 1) . ... ... ... .. .. . -0.5Vto 15V
Control-input diode current (V] < 0 or VI > VCC) - - -« o v oo e e e e i e +20 mA
1/0 port diode current (V] < 0 or VI/O > VCC) + « - o o v vt e e e +20 mA
On-state switch current (V[/0 = Oto VCC) . ... .o oot +25 mA
Continuous current through VCc or GND pins . .. .. ... oo +50 mA
Continuous total dissipation ... ................ ...t see Dissipation Rating Table
Operating free-air temperature range: TLC4016M ... ..................... —-55°C to 125°C
TLCA4016l ... ... —40°C to 85°C
Storage temperature range . .. ... ... .. -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . . ....... 260°C
2 Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . ............ 300°C
NOTE 1: All voltages are with respect to ground unless otherwise specified.
)
2 DISSIPATION RATING TABLE
n‘;, pACKAGE  TA = 25°C  DERATING FACTOR  Tp = 70°C Tp = 85°C Ta = 125°C
> POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
[ D 950 mW 7.6 mW/°C 608 mW 494 mW N/A
2 J 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
(7, N 1150 mW 9.2 mW/°C 736 mW 598 mW 230 mW
recommended operating conditions
MIN NOM MAX UNIT
Supply voltage, Voo 2t 5 12 \Y%
1/O port voltage, Vi/0 0 Vee \
Veg =2V 1.5 Vce
High-level input voltage, Vi4 zg‘c: z :flv 361: zgg \%
Vee =12V 8.4 Vee
Vee = 2V 0 0.3
) Vcec = 45V 0 0.9
Low-level input voltage, V| Vee =9V ) 18 \
Vee = 12V 0 2.4
Vee =2V 1000
Input rise time, t Vee = 45V 500 ns
Vecg =9V 400
Vecg =2V 1000
Input fall time, t¢ Vcc =45V 500 ns
Vee =9V 400
Operating free-air temperature, Ta TLC4016M -55 125 °C
' TLC4016! - 40 85

Twith supply voltages at or near 2 V, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital
signals be transmitted at these low supply voltages.

2-210 Texas {"
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TLC4016M, TLC40161
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted).
TLC4016M TLC4016!
PARAMETER TEST CONDITIONS \" UNIT
CC 'min TYPT MAX | MIN TYPT MAX
I = 1 mA, 4.5V 100 220 100 200
Va = 0to Vcg, 9V 50 120 50 105
i See Figure 1 12V 30 100 30 85
On-state switch
rSon . 2V 120 240 120 215 Q
resistance Is = 1 mA,
4.5V 50 120 50 100
Va = 0orVce,
. 9V 35 80 35 75
See Figure 1
12V 20 70 20 60 2
4.5V 10 20 10 20
On-state switch Va = 0to Vg,
R . . 9V 5 15 5 15 Q
resistance matching See Figure 1
12 V 5 15 5 15 fﬁ
V| = 0or Vce 2V +1 +1 Q
Iy Control input current V| = 0orVcc, to A o
Ta = 250 +0.1 +0.1 <
A = 25°C 6V 75}
55V 10 =600 10 £600
Off-state switch Vs = +Vcg, = ©
'Soff leakage current See Figure 2 oV £15 800 =15 800 nA =
i 9 12V £20 £1000 £20 £1000 ©
. 55V 10 +£150 +10 *150 Q
On-state switch VA = 0orVce,
Son leakage current See Figure 3 oV 18 +200 £15 200 nA
i 9 12V 20 =300 £20 =300
v OorV, 55V 2 40 2 20
=0 o .
icc  Supply current | ! -0 ryec 9V 8 160 8 80 rA
o= 12V 16 320 16 160
c Input it AorB 2V to 15 15 "
i nput capacitance
i mputesp C 12v 5 10 5 10| "
Feedthrough 2V to
C AtoB Vi =0 5 5 F
f capacitance ° I 12V P
TAll typical values are at To = 25°C.
Texas WP
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TLC4016M, TLC40161
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

switching characteristics over recommended operating free-air temperature range, C|. = 50 pF (unless
otherwise noted)

TLC4016M TLC4016!
PARAMETER TEST CONDITIONS Vee UNIT
MIN TYPT  MAX | MIN TYPT MAX
2V 25 75 25 62
Propagation delay time, ) 4.5V 5 15 5 13
tpd See Figure 4 ns
AtoBorBtoA 9V 4 14 4 12
12V 3 13 3 11
2V 32 150 32 125
. . RL = 1kQ, 4.5V 8 30 8 25
ton Switch turn-on time ) ns
2 See Figures 5 and 6 9V 6 18 6 15
12V 5 15 5 13
2V 45 252 45 210
U X RL = 1kQ, 4.5V 15 54 15 45
toff Switch turn-off time ) ns
Q See Figures 5 and 6 9V 10 48 10 40
o 2V 8 45 8 38
Switch cutoff freque 4.5V 100 100
N |fco duency MHz
> (channel loss = 3 dB) 9V 120 120
[} Control feedthrough voltage
\% See F 7 4.5V 350 350 \
2 OCF(PR) to any switch, peak to peak © rigure m
[7,] Frequency at which crosstalk
attenuation between any two| See Figure 8 4.5V 1 1 MHz
switches equals 50 dB

TAIl typical values are at Ta = 25°C.

. PARAMETER MEASUREMENT INFORMATION
VTC
V| = Vcc———c— X1
TEST P B
A ; SWITCH
Va ._L_
4+——Is

- O

FIGURE 1. TEST CIRCUIT FOR ON-STATE RESISTANCE

V(I:C
v| = o——x1
TEST B
A switcH ! Ve
va 1
IS(off)—» L

Vs = Va - VB
CONDITION 1: Vp = 0, Vg = Vce
CONDITION 2: Vp = Vgg. Vg = 0

FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT

{i’;
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TLC4016M, TLC40161
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

V(l;c
Vi = ViH ¢ X1
TEST B
A A SWITCH
1
Va 'L'
FIGURE 3. TEST CIRCUIT FOR ON-STATE SWITCH LEAKAGE CURRENT
Vee 3
V]
C a
Vi =V | X1 N
TEST |sora_ )
v _AORB SWITCH o ©
| —1 50 pF 3
T ®
TEST CIRCUIT (]
———————— Vee
Vi
AORB 50% 50%
' 1
i : ov
| |
| |
H——-D:—'pd tpd —l¢—>|
|
| |
| —|———— Vou
Vo | |
BORA 50% 50%
ov

VOLTAGE WAVEFORMS

FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT
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TLC4016M, TLCA016!
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

Vce
[ s
21k
v Clxa TEST b3
B
SWITCH 1 *— Vo
Al noF4 L
—[— 50 pF
il T T
TEST CIRCUIT
——————————— Vee
O
Q \J 50% 50%
s
o 1
| ' ov
? N—D:—‘un = tpzL toff = ‘PLZ—K—)ll
8 90% | =Vcc
Py |
(7] Vo |
10%
—————VoL
VOLTAGE WAVEFORMS
FIGURE 5. SWITCHING TIME (tpzL. tpLz). CONTROL TO SIGNAL OUTPUT
i
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TLC4016M, TLCA0161
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

Vce
C
Vi x TEST B
SWITCH 11—e Vo
Al (10F 4) I )
I 50 pF ::1 KQ
TEST CIRCUIT

Vce

Data Sheets H

VoH

10%
— ——— <0V

VOLTAGE WAVEFORMS

FIGURE 6. SWITCHING TIME (tpzH, tpHz). CONTROL TO SIGNAL OUTPUT
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TLC4016M, TLC4016!
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

s1o9ysS ejeQ M

PARAMETER MEASUREMENT INFORMATION

Vce

!

Vi X1 TEST
SWITCH 1 Vo

(1 OF 4)
ISO pF 600

1
%600 Q —I_

TEST CIRCUIT

90% 90%

=

10% |

-t ot

Vo 3

VOLTAGE WAVEFORMS

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE

Vce
X TEST
SWITCH 1 Vo1
o (1 OF 4)
Vi 1 50 pF $ 600
600 0 1%z TEsT = =
SWITCH 2 Vo2
2 (1 OF 4)
SEE NOTE
50 pF S 600 ©
600 Q l
. _ Vo2
NOTE: ADJUST f forax = -°2 = 50 dB.
Vo1

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT
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TLC4066M, TLCA066I
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

D2922, JANUARY 1986 --REVISED OCTOBER 1988

High Degree of Linearity
High On-Off Output Voltage Ratio

Low Crosstalk Between Switches

Low On-State Impedance . . . 30 Q Typ at
Vee = 12V

Individual Switch Controls

Extremely Low Input Current

Functionally Interchangeable with National
Semiconductor MM54/74HC4066, Motorola
MC54/74HC4066, and RCA CD4066A

description

The TLC4066 is a silicon-gate CMOS quadruple
analog switch designed to handle both analog
and digital signals. Each switch permits signals
with amplitudes up to 12V peak to be
transmitted in either direction.

Each switch section has its own enable input
control. A high-level voltage applied to this
control terminal turns on the associated switch
section.

Applications include signal gating, chopping,
modulation or demodulation {modem), and signal
multiplexing for analog-to-digital and digital-to-
analog conversion systems.

The TLC4066M is characterized for operation
from —-55°C to 125°C. The TLC4066! is
characterized from —40°C to 85°C.

logic diagram (positive logic)

TLC4066M . . . J OR N PACKAGE
TLC40661 . . . D OR N PACKAGE

(TOP VIEW)
1A YeaJvee
18[]2 13[]1C
28[]s  12J4c
2aa  11J4A
2c(]s 10[J4B
3c(]e o[]3B
oND 7 8[]3A
logic symbolT
e85 N (2
m_ N 1e>—=18
RV AL . b
(5)
202> M
@ N >3 28
2A 2 ]
(6)
3C ———r— M
@ N L «—>—2 3p
302 ¢
12)
ac M
1 N 19 4p
an e

N

Data Sheets

T This symbol is in accordance with ANSI/IEEE Std 91-1984 and
IEC Publication 617-12.

PRODUCTION DATA documents contain information .
current as of publication date. Products conform to '}
specifications per the terms of Texas Instruments TEXAS
standard warranty. Production processing does not

necessarily include testing of all parameters. INSTRUM ENTS

Copyright © 1986, Texas Instruments Incorporated

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

2-217



TLC4066M, TLC4066]
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

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

Supply voltage range (see Note 1) ... ... ... . i -0.5Vto15V
Control-input diode current (V| < Oor V| > VCC) . ...« . +20 mA
1/0 port diode current (V| < OorVi/o > VCC) -+ -« oo oo +20 mA
On-state switch current (V|/0 = O t0 VCC) - - -« o ottt e +25 mA
Continuous current through Vcc or GND pins . . .. ... ... i +50 mA
Continuous total dissipation .. .................. ... ... ..... see Dissipation Rating Table
Operating free-air temperature: TLC4066M . ... ......................... -55°C to 125°C

TLC4066! . ... ... e —40°C to 85°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package . ............ 300°C

NOTE 1: All voltages are with respect to ground unless otherwise specified.

DISSIPATION RATING TABLE

Ta = 25°C DERATING FACTOR TA = 70°C Ta = 85°C TA = 125°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING POWER RATING
D 950 mW 7.6 mw/°C 608 mW 494 mW N/A
J 13756 mW 11.0 mw/°C 880 mW 715 mW 275 mwW
N 1160 mW 9.2 mW/°C 736 mW 598 mW 230 mW

PACKAGE

Storage temperature range . . . ... .. ...ttt e -65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package . . ....... 260°C
@)
1Y
-
o
([%2)
=
®
(1)
-
(7]

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vcc 2t 5 12 \%
1/0 port voltage, V|0 0 Vee \
Vec =2V 1.5 Vee
. . Vece = 45V 3.156 Vee
High-leve! input voltage, V|4 Voo =9V 63 Voo \
Vee =12V 8.4 Vce
Veg =2V 0 0.3
. Ve = 45V 0 0.9
Low-level input voltage, V| Voo =9V 5 T8 \
Vee = 12V . 0 2.4
Vee =2V ) 1000
Input rise time, tr Vee = 45V 500 ns
Veg =9V 400
Vee =2V 1000
Input fall time, tf Vee = 45V 500 ns
Veg =9V 400
. ) TLC4066M —-56 125 o
Operating free-air temperature, T TLC2066) 20 35 C

Twith supply voltages at or near 2 V, the analog switch on-state resistance becomes very nonlinear. It is recommended that only digital
signals be transmitted at these low supply voitages.

Texas W
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TLC4A066M, TLC4066I

SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

electrical characteristics over recommended operating free-air temperature range (unless otherwise

noted)
TLCA066M TLC40661
PARAMETER TEST CONDITIONS | Vge : UNIT
MIN TYPT MAX | MIN TYPT MAX
I = 1 mA, 45V 100 220 100 200
Va = 0to Ve, 9V 50 110 50 105
) See Figure 1 12V 30 90 30 85
On-state switch
rSon 2V 120 240 120 215 | @
resistance Is = 1 mA,
MY 45V 50 120 50 100
= r .
SAe Fiua 1 cc 9V 35 80 35 75
1
ee Figur 12V 20 70 20 60
oretare swttah A 0wy 45V 0 20 10 20 2
. ; - )
sictance mathi seo Figure 1 |0V 515 5 151 o
rest: chin el igure
9 9 2V 5 15 5 15 »n
PRY ®
I Control input current V| = 0or Vge or £1 =1 WA (V]
. 5
) 55V 10 600 70 =600
Off-state switch Vg = Vg, ©
'Soft leakage current See Figure 2 i £15 800 =15 =800 nA -
9 9 12V +20 +1000 +20 1000 @®
Orotate soitah Ve ooy 55V 10 =150 10 =150 [}
- = 0or ,
ISon ]"k ate swi °t sA o 3cc ERY +15 200 =156 +200 | nA
cakage curren e Fgure T2V £20 300 £20 300
55V 2 40 2 20
V| = 0orVcg,
Icc  Supply current = 0 9V 8 160 8 80 pA
o= 2V 16 320 6 160
o oot canacitames |20 B 2Vto 5 15 .
i itan
i Inbutcapacitance 17 12 v 5 10 5 10| P
Feedthrough 2Vt
C nroug AtoB V=0 ° 5 5 pF
capacitance 12V
TAll typical values are at Tp = 25°C.
i
I Texas Lu 2-219
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TLC4066M, TLCA0661 -
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

switching characteristics over recommended operating free-air temperature range, CL. = 50 pF (unless

otherwise noted)

TLC4066M TLC4066!
PARAM
RAMETER TEST CONDITIONS Vee MIN TYPT MAX | MIN TYPT MAX UNIT
2V 25 75 15 30
¢ Propagation delay time, See Fi 2 45V 5 15 5 13
ee Figure ns
pd AtoBorBtoA g 9V 412 210
12V 3 13 3 11
2V 32 150 32 125
) . RL = 1kQ, 4.5V 8 30 8 25
ton Switch turn-on time . ns
See Figures 5 and 6 9V 6 18 6 15
2 12V 5 15 5 13
2V 45 252 45 210
. . R = 1kQ, 4.5 V 15 54 15 45
U toff Switch turn-off time X ns
Q See Figures 5 and 6 9V 10 48 10 40
8 12V 8 45 8 38
Switch cutoff frequency 4.5V 100 100
(75) feo MHz
= (channel loss = 3 dB) 9V 120 120
o v Control feedthrough voltage See Fi 7 45V 350 350 v
[¢] OCF(PP) to any switch, peak to peak e Fgure : m
'm’ Frequency at which crosstalk
attenuation between any two| See Figure 8 45V 1 1 MHz
switches equals 50 dB
Tan typical values are at Tp = 25°C.
PARAMETER MEASUREMENT INFORMATION
V(l;c
V| = Vcc——-—c— X1
TEST 1 B
A SWITCH
1
Va -L'
=
FIGURE 1. TEST CIRCUIT FOR ON-STATE RESISTANCE
V) = 0———£‘X1
TEST B
A switcH Ve
Va 1
Is(offi—» T
Vg = Vp — VB
CONDITION 1: Va4 = 0, VB = Ve
CONDITION 2: Vpo = Vge, VB = 0
FIGURE 2. TEST CIRCUIT FOR OFF-STATE SWITCH LEAKAGE CURRENT
2.220 TeExas ‘U
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TLC4066M, TLCA066I
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

VClC
Vi = ViH ¢ X1
TEST B
2 A SWITCH
1
Va '—!—'
FIGURE 3. TEST CIRCUIT FOR ON-STATE SWITCH LEAKAGE CURRENT
Vece 2
| ©
V)=V Clx _2
: H TEST BORA _ 7y
SWITCH o
AORB
Vi 1 T 50 pF fs
= ©
TEST CIRCUIT [
———————— Vee
Vi
A OR B 50% 50%
| !
! | ov
| !
H—D:— tpd tpd ——P|
|
| |
I N
Vo 9 9
BORA 50% 50%
ov

VOLTAGE WAVEFORMS

FIGURE 4. PROPAGATION DELAY TIME, SIGNAL INPUT TO SIGNAL OUTPUT

i
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TLCAD66M, TLC4066I

SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

Vi

[t

Vece
[ \
¢ )
X1 TEST 8
SWITCH 1 Vo
A (1 OF 4)

TEST CIRCUIT

Vi 50%

Vo

sj9ays eieq m

——————————— Vee
50%
i
! ov

|
toff = tPLZ —j¢—p

|
| =Vcc
|
|

10%

—————VoL
VOLTAGE WAVEFORMS

FIGURE 5. SWITCHING TIME (tpzL, tpLz). CONTROL TO SIGNAL OUTPUT
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TLC4066M, TLC40661
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

PARAMETER MEASUREMENT INFORMATION

Vce
C
Vi xa TEST 5
SWITCH 1 2 Vo
Al (1 0F 4) l )
I 50 pF 1 kQ
TEST CIRCUIT

Vee Vee

ov

Data Sheets n

VoH VoH

Vo

%
0% _ _ __ _Lov

ov

u

VOLTAGE WAVEFORMS

FIGURE 6. SWITCHING TIME (tpzH. tpHz). CONTROL TO SIGNAL OUTPUT

Texas {?
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TLC4066M, TLCA0661
SILICON-GATE CMOS QUADRUPLE BILATERAL ANALOG SWITCH

N

sja9ays ejeq

PARAMETER MEASUREMENT INFORMATION

V(l:c
Vi | X1 TEST
SWITCH 1 Vo
1 (1 OF 4)
600 0 l I 50 pF 3 600 0
TEST CIRCUIT
——————————— v
90% 90%
1 |
V) [ |
10% . | 10%
T | ov
-t -t
Vo VOCF(PP)

VOLTAGE WAVEFORMS

FIGURE 7. CONTROL FEEDTHROUGH VOLTAGE

Vce
—{x TEST
SWITCH 1 Vo
o (1 OF 4)
v, 1 50 pF $600 0
600 %2 TesT = =
SWITCH 2 Vo2
2 (1 OF 4)
SEE NOTE

50 pF S 600 O
600 0 J_

v
NOTE: ADJUST f foray = -22 = 50 dB.
Vo1

FIGURE 8. CROSSTALK BETWEEN ANY TWO SWITCHES, TEST CIRCUIT
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D3008, SEPTEMBER 1986 —REVISED OCTOBER 1988

® Advanced LinCMOS™ Silicon-Gate D OR N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors out1 [Jr Uss[JRes
. ouT2([J2  1s[]REF
On-Chip Data Latches
» GND E 3 14 j VDD
Monotonic over the Entire A/D Conversion DB7 []a 13[JWR
Range DB6 |5 12[]CS
® Segmented High-Order Bits Ensure Low- 085 (6 11[J08o
. DB4[J7  10[]DBI
Glitch Output
DB3 (s 9[]DB2
® Designed to be Interchangeable with Analog 2
Devices AD7524, PMi PM-7524, and Micro FN PACKAGE
Power Systems MP7524 (TOP VIEW)
%]
® Fast Control Signaling for Digital Signal N -~
s " E e ouw V]
Processor Applications Including Interface 220 ww )
H oOo0Zaxcox
with TMS320 S — <
2 12019 (7]
KEY PERFORMANCE SPECIFICATIONS GND [ 4 180 VoD S
A : - DB7 [J5 17 WR ©
esolution 8 Bits 16[:
Linearity error % LSB Max NC g6 E D
N o DB6 []7 5[] TS
ower dissipation
5 mW Max DBS [18 4[] pBO
atVpp = 5V
Settling time 100 ns Max 9 ot 1213
Propagation delay 80 ns Max ; g; % S;‘ o
oo“ oo
NC—No internal connection
description
The TLC7524 is an Advanced LInCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface
to most popular microprocessors.
The TLC7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the “write’’
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to
2 LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts
typically.
Featuring operation from a 5-V to 15-V single supply, the TLC7524 interfaces easily to most microprocessor
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the TLC7524 an ideal choice for many
microprocessor-controlled gain-setting and signal-control applications.
The TLC7524l is characterized for operation from —25°C to 85°C, and the TLC7524C is characterized
for operation from 0°C to 70°C.
Advanced LinCMOS is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated
Spereations et ths terme-of Taxas Instruments Ti Q?
1ca
standard warrapnt Producti ing does not EXAS 2-225
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

Vpp
(14)
(15) R R R
REF ——
2R 2R 2R 2R S2R
p
(16)
RFB
9
(S1 182 ! s-3 | 58 Sk
' T ' | i ‘ ] (1)
2 : : o : ouT
[}
! 1 1 ! (2)
~+ + + 4 ouT2
o ! : PP
1 1
o e | N 7 (3)
~+ ___ (13) DATA LATCHES GND
o WR > <c
3
2] \ 4 \ A
=2
g ) (5) 6) 1
- DB7  DB6 DB5 DBO
» (MSB) (LSB)
\ _/
Vo
DATA INPUTS

operating sequence

t
!4——— su(CS)_—DI‘_,!__ thics)
— | |
cs \ | /

————tw(WR)}———}
| |
1
WR \ /I'
F—'su(D)—"I

| —»— th(D)

’ {i,
] TeExas
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

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

Supply VoItage, VDD - -« v v v et e e -0.3Vto 16.5V
Digital input voltage, V| . ... . ... ... -0.3VtoVpp+0.3V
Reference voltage, Vief - « o v oo v et e e +25V
Peak digital input current, ] . .. ... ... .. L e 10 pA
Operating free-air temperature range: TLC75241 ... ... ... ... ... ........ —25°C to 85°C

TLC7524C . ... .. 0°C to 70°C
Storage temperature range . . . ... .. .ov v vt ittt 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: D or N package ........ 260°C

recommended operating conditions

Vpp =5V Vpp = 16V UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vpp 4.75 5 5.25 | 14.5 15 15.5 \Y
Reference voltage, Vief +10 +10 \
High-level input voltage, V| 2.4 13.5 \%
Low-level input voltage, V|_ 0.8 1.5 \4
CS setup time, ts,(CS) 40 40 ns
CS hold time, th(CS) 0 0 ns
Data bus input setup time, tsy(D) 25 25 ns
Data bus input hold time, th(p) 10 10 ns
Pulse duration, WR low, ty(WR) 40 40 ns
Operating free-air temperature, Tp IEEZZEZIC - 22 32 _22 32 °C

electrical characteristics over recommended operating free-air temperature range, Vyef = £10 V,
OUT1 and OUT2 at GND (unless otherwise noted)

Vpp = 5V Vpp = 15V
PARAMETER TEST CONDITIONS
MIN TYP MAX MIN TYP MAX unIT
[IT%) High-level input current V| = Vpp 10 10 A
TN Low-level input cur: :nt Vi =0 -10 -10 rA
DBO-DB7 at 0 V, WR, CS s
ouT @ R CSatov +400 +200
| Output leakage Vigf = £10V nA
kg current DBO-DB7 at Vpp, WR, CS at0 V,
ouT2 +400 +200
Vigf = 10V
Quiescent | DBO-DB7 at Vjymin or V| max 1 2 mA
IpD  Supply current
Standby DBO-DB7 at O V or Vpp 500 500 rA
Supply voltage sensitivity,
ki AV = +10% 0.01 0.1 . 0.04 | % 9
SVS Again/AVpD DD o 6 0.005 04 | %FSR/%
Input capacitance,
Cj e Vi =0 2
i DBO-DB7, WR, C§ ! 5 5| PF
. ouT1 DBO-DB7 at 0 V, 30 30
Co Output capacitance i — pF
ouT2 WR and CS at O V 120 120
ouT1 DBO-DB7 at Vpp. 120 12
Co Output capacitance — _i DD 0 pF
ouT2 WR and CS at O V 30 30
Reference input impedance 5 20 5 20 K
(Pin 15 to GND)

Data Sheets n
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range, Vief = £10 V,
OUT1 and OUT2 at GND (unless otherwise noted)

Vpp =5V Vpp = 16V
IONS UNIT
PARAMETER TEST CONDITIO! MIN_ TVP MAX MIN_TYPT  MAX
Linearity error +0.5 +0.5 LSB
Gain error See Note 1 +2.5 +2.5 LSB
Settling time (to %2 LSB) - See Note 2 100 100 ns
Propagation delay from
digital input to 90% of See Note 2 80 80 ns
final analog output current
Vief = =10 V (100-kHz sinewave)
ouT2 —_ — 0.5 0.5 %FSR
Feedthrough at OUT1 or WR and C5 at 0V, DBO-DB7 at O V 3
Temperature coefficient of gain | To = 25°C to MAX +0.004 +0.001 %FSR/°C
O NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = V gf — 1 LSB.
E" 2. OUT1 load = 100 @, Cext = 13 pF, WR at O V, CS at O V, DBO-DB7 at O V to Vpp or Vpp to O V.
o . .
n principles of operation
=2 The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches,
® and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines,
') Y
a thus maintaining a constant current in each ladder leg independent of the switch state. The high-order

bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally
weighted current sources. Most applications only require the addition of an external operational amplifier
and a voltage reference.

The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire
reference current, lref, is switched to OUT2. The current source 1/256 represents the constant current
flowing through the termination resistor of the R-2R ladder, while the current source llkg represents leakage
currents to the substrate. The capacitances appearing at OUT1 and QUT2 are dependent upon the digital
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2
and the on-state switch capacitance (120 pF maximum) appears at OUT 1. With all digital inputs low, the
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to
Figure 1; however, in this case, Iref would be switched to OUT1.

Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS
and WR control signals. When CS and WR are both low, the TLC7524 analog output responds to the data
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs
are disabled regardless of the state of the WR signal.

The TLC7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

principles of operation (continued)

— RFB
3R
4 ouT
—T_ 30 pF
|‘kg T I p
Iret —
REF AV 2 . 4 -]‘,— ouT2
11256 él likg éT I 120 pF 2
= = = 3
FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 8
£
Vet VDD ]
]
RA = 2k ‘6
(See Note 3) Q
C (See Note 4)
DBO-DB7| E N
— »—OUTPUT
cs +
— ouT2
WR
ow S
=
FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)
Vref VDD
20 kQ
Rp = 2 kQ ‘7' R zom%
(See Note 3) %1 JVA;ET . <
l L ~
RFB (See Note 4) s OUTPUT
DBO-DB7 E OUT1 \ ;: 10 kQ +
cs ouT2 / 5 kQ
WR /
GND =
FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION)
NOTES: 3. Ra and Rg used only if gain adjustment is required.
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation.
T {I’
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TLC7524

Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

principles of operation (continued)

TABLE 1. UNIPOLAR BINARY CODE

TABLE 2. BIPOLAR (OFFSET BINARY) CODE

DIGITAL INPUT DIGITAL INPUT
(SEE NOTE 5) ANALOG OUTPUT (SEE NOTE 6) ANALOG OUTPUT
MSB  LSB MSE  LSB
EEEEEEE “Vief (265/256) 11111111 Viet (127/128)
10000001 ~Vref (129/256) 10000001 Vyef (1/128)
10000000 ~Viyef (128/256) = —V(ef/2 10000000 0
01111111 ~Viyef (127/256) 01111111 ~Viet (1/128)
00000001 ~Vyef (1/256) 00000001 ~Vyef (127/128)
2 00000000 0 00000000 ~Vret
NOTES: 5. LSB = 1/256 (Vyef).
O 6. LSB = 1/128 (Vrep).
Q
—* R .
Q microprocessor interfaces
72]
g N
o D0-D7 DATA BUS >
a 7
2-80A N\
DBO-DB7
WR o ouT1
WR TLC7524
- ouT2
TS
DECODE
ORQ > LOGIC
N
AN
A0-A15 ADDRESS BUS >
7
FIGURE 4. TLC7524—-2Z-80A INTERFACE
hY
D0-D7 DATA BUS >
N
6800 NA
DBO-DB7
92 _ ouT1
R TLC7524
_ ouT2
DECODE
.
VMA *—» LoGIC
AN
AN
AO-A15 ADDRESS BUS >
7
FIGURE 5. TLC7524—-6800 INTERFACE
T {IP
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

microprocessor interfaces (continued)

AN
A8-A15 ADDRESS BUS >
7
DECODE R
8051 LOGIC 4
8-BIT /7
LATCH
A\ L
cs
ouT1
WR TLC7524
ALE > out2
_ DBO-DB7
WR
2\
—— AN
ADO-AD7 ADDRESS/DATA BUS >
7

FIGURE 6. TLC7524—-8051 INTERFACE
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TLC7524
Advanced LinCMOS™ 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

voltage-mode operation

REF (ANALOG OUTPUT VOLTAGE)

roous siea [

TYPICAL APPLICATION DATA

It is possible to operate the TLC7524 current multiplying D/A converter in a voltage mode. In the voltage
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at
the reference voltage pin. Figure 7 is an example of a current multiplying D/A, which is operated in voltage

mode.

] R
<( ? g ?1
T QUT1 (FIXED INPUT VOLTAGE)

/i’ ouT2

FIGURE 7. VOLTAGE MODE OPERATION

The relationship between the fixed input voltage and the analog output voltage is given by the following

equation:

Vo = V| (D/256)

where

VO = analog output voltage
V| = fixed input voltage
D = digital input code converted to decimal

In voltage-mode operation, the TLC7524 will meet the following specification:

PARAMETER

TEST CONDITIONS MIN  MAX UNIT

Linearity error at REF

Vpp = 5V, 0UT1 = 2.5V, OUT2 at GND, Tp = 0°C to 70°C 1 LSB
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

D2979, JANUARY 1987 —REVISED OCTOBER 1988

® Advanced LinCMOS™ Silicon-Gate DW OR N PACKAGE
Technology (TOP VIEW)
Easily Interfaced to Microprocessors AGND (1 Uz2o] oute
. OUTA []2 19[] RFBB
On-Chip Data Latches RFBA %3 18[] ReFB
Monotonic Over the Entire A/D Conversion REFA []4 170 vpp
Range DGND [Js 18] ] WR
. . DACA/DACB[J6  15[]TS
® Designed to be Interchangeable with Analag (MsB) DB7 []7 14[ ] DBO (LSB)
Devices AD7528 and PMI PM-7528 D86 [8 ,3% DB1
® Fast Control Signaling for Digital Signal DB5[Jo  12[]DB2
Processor Applications Including Interface DB4[]1o  11[]DB3 2
with TMS320
® Voltage-Mode Operation FN PACKAGE &
(TOP VIEW) 8
KEY PERFORMANCE SPECIFICATIONS
Resolution 8 bits c1<3 E % E g <
w L (D
Linearity Error 1/2 LSB € O <O
Power Dissipation at Vpp = 5 V 5 mW 3 2 S
Settling Time at Vpp = 5 V 100 ns REFA[J 4 18] REFB g
Propagation Delay at Vpp = 5 V 80 ns pgND D 17( Vbp
L. DACA/DACB[I6 16 WR
description (MSBJDB7 [ 7 s 5
The TLC7528 is a dual 8-bit digital-to-analog DB6 |8 14[] DBO(LSB)
converter designed with separate on-chip data 13
latches and featuring excellent DAC-to-DAC O ¢ 0N =
matching. Data is transferred to either of the two 22323
DAC data latches via a common 8-bit input port.
Control input DACA/DACB determines which
DAC is to be loaded. The “‘load’’ cycle of the
TLC7528 is similar to the ‘‘write’’ cycle of a random-access memory, allowing easy interface to most
popular microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during
changes in the most significant bits, where glitch impulse is typically the strongest.
The TLC7528 operates from a 5-V to 15-V power supply and dissipates less than 15 mW (typical). Excellent
2- or 4-quadrant multiplying makes the TLC7528 a sound choice for many microprocessor-controlled gain-
setting and signal-control applications. It can be operated in voltage mode, which produces a voltage output
rather than a current output. Refer to the typical application data in this data sheet.
The TLC7528l is characterized for operation from —25 to 85°C. The TLC7528C is characterized for
operation from 0°C to 70°C.
Advanced LinCMOS is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1987, Texas Instruments Incorporated
current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments TEXAS b
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TLC7528

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

INSTRUMENTS
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1
(B0 12| REFA
a3 | 3 area
o (12) (4) | 2
pOTED 8 R 2 outa
DATA : — INPUT 7 LatcH] © DAC A
npUTS Sy 3 191 BuFFER > A |7
e (9)
(8) o
2 pe7 {7} | ®—— AGND
\
- r____-ﬂma
] 6) 8 | 201 5yrg
& DACA/DACB — #{tatcu| 8
wr 18 LOGIC R B e DAC B
2] — (15) | CONTROL v
¢=p- © lne)
2 REFB
n
operating sequence
f———tsu(cs) ———dle—pk-thics)
| 1
cs |
Id———‘su(DAC)——-——*——-ht—'h(DAC)
[ |
DACA/DACB N [ /
h——‘w(wn)—ﬂ
WR \‘ j‘
F—'su(D)—M‘h(D)
DBO-DB7 x: DATA IN STABLE §<
TExas ‘Ui
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

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

Supply voltage, Vpp (to AGND or DGND) . . ... ... ... .. i -0.3Vto16.5V
Voltage between AGND and DGND . . . . .. ... e +VDpD
Input voltage, V] (to DGND) . .. ... ... . . -0.3V it Vpp+0.3
Reference voltage, VrgfA or ViefB (to AGND) . . .. ... .. . +25V
Feedback voltage VRFBA or VRFBB (to AGND) . .. . . ... .. .. +25 V
Output voltage, VOA or VOB (to AGND) . .. .. +25V
Peak input CUIreNt . . . . . Lo 10 uA
Operating free-air temperature range: TLC75281 . ... ... ... .. ... ......... —25°C to 85°C

TLC7528C ... . 0°C to 70°C
Storage temperature range . . . . ... ..ottt -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: DW or N package . ...... 260°C

recommended operating conditions

Data Sheets m

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

Vpp = 475Vt 525V| Vpp = 145V to 165V uNIT

MIN NOM MAX MIN NOM MAX
Reference voltage, Vyefa or ViefB +10 +10 \
High-level input voltage, V|4 2.4 13.6 \
Low-level input voltage, V| 0.8 1.5 Vv
CS setup time, ts;(CS) 50 50 ns
CS hold time, th(Cs) 0 0 ns
DAC select setup time, tgu(DAC) 50 50 ns
DAC select hold time, th(DAC) 10 10 ns
Data bus input setup time ts,(D) 25 25 ns
Data bus input hold time th(p) 0 0 ns
Pulse duration, WR low, ty (WR) 50 50 ns

. . TLC7528l -25 85 -25 85
Operating free-air temperature, Tp TLC7528C 5 70 ° 70 °C

i
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended operating free-air temperature range,
VrefA = VriefB = 10 V, VoA and VB at 0 V (unless otherwise noted)

V =5V Vpp = 15V
PARAMETER TEST CONDITIONS DD DD uNIT
MIN TYPT MAX [ MIN TYPT mMAX
IT™] High-level input current = Vpp 10 10 A
he Low-level input current =0V -10 -10 pA
Ref input i d
éerence input impedance 5 20 5 12 20 @
(Pin 15 to GND)
DACA data latch loaded
OUTA with 00000000, +400 +200
2 | Output leakage Vigfa = 10V A
n.
kg current DACB data latch loaded
ouTB with 00000000, +400 +200
o Viefg = =10V
[ | i
- nput resistance match 1% 1%
Q (REFA to REFB)
(%) DC supply sensitivity,
R AVpp = £10% 0.04 0.02 | %/%
- A gain/A Vpp
14 DBO-DB7 at V|ymin o
) Ipp  Supply current {quiescent) Hmin or 1 1 mA
- ViLmax
(4 Ipp  Supply current (standby) DBO-DB7 at O V or Vpp 0.5 0.5 mA
DBO-DB7 10 10
C: Input —— E
! capacitance ﬂH‘_CS 15 15 P
DACA/DACB
DAC d
. . ata latches loaded 50 50
c Output capacitance, with 00000000 oF
o -
TA, T A tches |
(ou ouTs) D. C data latches loaded 120 120
with 11111111

TAl typical values are at Tp = 25°C.
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended operating free-air temperature range,
VriefA = ViefB = 10 V, VoA and VOB at O V (unless otherwise noted)

\'] =5V \ =15V
PARAMETER TEST CONDITIONS Db Db uNIT
MIN  TYP MAX | MIN TYP MAX
Linearity error +1/2 +1/2 LSB
Settling time (to 1/2 LSB) See Note 1 100 100 ns
Gain error See Note 2 2.5 2.5 LSB
REFA to OUTA -65 -65
AC feedthrough See Note 3 dB
REFB to OUTB -65 -65
Temperature coefficient of gain See Note 4 0.007 0.0035 | %FSR/°C
Propagation delay (f digital i t
ropaga |on‘ elay (from digital inpu See Note 5 80 80 ns 2
to 90% of final analog output current)
Channel-to- REFA to OUTB See Note 6 77 77 B !
channel isolation | REFB to OUTA See Note 7 77 77 3
Measured for code transition from Q
Digital-to-analog glitch impulse area 00000000 to 11111111, 160 440 nVs (Y]
~ 250 L
TA = 25°C 7
Measured for code transition from
Digital crosstalk glitch impulse area 00000000 to 11111111, 30 60 nVs S
TA = 25°C 1]
o Vi = 6Vrms, f = 1kHz, (a)
Harmonic distortion -85 -85 dB
Ta = 25°C

NOTES:

1. OUTA, OUTB load = 100 Q, Cext = 13 pF; WR and CS at O V; DBO-DB7 at O V to Vpp or Vpp to O V.

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) = Vi ef — 1 LSB.

3. Vief = 20 V peak-to-peak, 100-kHz sine wave; DAC data latches loaded with 00000000.

4. Temperature coefficient of gain measured from 0°C to 25°C or from 25°C to 70°C.

5. VigfA = Vrefg = 10 V; OUTA/OUTBload = 100 Q, Cexy = 13 pF; WRand CS at O V; DBO-DB7 at 0 V to Vpp or Vpp to O V.
6. Both DAC latches loaded with 11111111; Vigfa = 20 V peak-to-peak, 100-kHz sine wave; Vigfg = 0; TA = 25°C.

7. Both DAC latches loaded with 11111111; Viefg = 20 V peak-to-peak, 100-kHz sine wave; Vigfpa = 0; TA = 25°C.

principles of operation

The TLC7528 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists
of aninverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of
the switch state. Most applications require only the addition of an external operational amplifier and voltage
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1.

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows
to OUTA. A small leakage current (ljkg) flows across internal junctions, and as with most semiconductor
devices, doubles every 10°C. Cq is due to the parallel combination of the NMOS switches and has a value
that depends on the number of switches connected to the output. The range of Cg is 50 pF to 120 pF
maximum. The equivalent output resistance rg varies with the input code from 0.8R to 3R where R is
the nominal value of the ladder resistor in the R-2R network.

Interfacing the TLC7528 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB
control signals. When CS and WR are both low, the TLC7528 analog output, specified by the DACA/DACB
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are
transparent and input data directly affects the analog output. When either the CS signal or WR signal
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When
CSis high, the data inputs are disabled regardless of the state of the WR signal.

The digital inputs of the TLC7528 provide TTL compatibility when operated from a supply voltage of 5 V.
The TLC7528 may be operated with any supply voltage in the range from 5 V to 15 V, however, input

logic levels are not TTL compatible above 5 V.
'Ji
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

DACA DATA LATCHES
AND DRIVERS

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA

RFBA

sj99yg ejeq E

FIGURE 2. TLC7528 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111.

MODE SELECTION TABLE

DACA/ CS | WR | DACA | DACB
DACB
L L L WRITE | HOLD
H L L HOLD | WRITE
X H X HOLD HOLD
X X H HOLD HOLD

L = low level, H = high level, X = don’t care

/]
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

The TLC7528 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

Vi(a)
£10 V

R1 (See Note 1) R2 (See Note 1)

(17) —
v —_—— e e |
(14), DBO REFA C1 (See Note 2)
t 8 8
o e INPUT 8
- BUFFER 7 LATCH |49 b Von

[EETa Ao ——L:
| | L=
|DACA/ RFBB ! R4 (See Note 1)

Data Sheets E

(6) , DACB
(15) ' CS CONTROL w | C2 (See Note 2)
(16) Tow LoGic 8 8 ouTs
—t Lepd LatcH |~ pace | -
oB
DGND 2 AGND |

REFB

P A 1 d (R

= AGND

RECOMMENDED TRIM R3 (See Note 1)

RESISTOR VALUES Vig)
R1, R3 500 0 1oV
R2, R4 150 0

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment
with digital input of 255.
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing
or oscillation.

FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

Texas {'P 2-239
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

Viia)
10V R6 (See Note 2)
AN
1 (see Note 1) o
ee NO
%1 R2 (See Note 1)
17) AN
V| — e ——— — — — — — — — [ Uy ——
0 7arl oeo REFA |~ |RFBA ) he C1 (See Note 3) | (See RS
1. s 8 outal N Note 2 e
ol INPUT 8
] BURFER A LATCH L/—» DACA Dagnp | A1 \ A ~
o N A
0 1 oB7 ’ | T ‘[ R11 . 2 Voa
2 DACA/ rreg| | R4 (See Note 1) 5 ka2
© lpacs p I g e N
(15) | CS CONTROL j | —T‘ C2 (See Note 3)
o (e wr LoGic 8 8 OUTB 1\ N (See Note 2)
?, — 7% LATCH [#¥%{ DACB | a3 R
(5) ,L— WA~
AGND
o DGND_L—-L REE —: / 10 ko Vos
—_—— e
g.n JS = AGND
(See Note 2)
R3 (See Note 1
g /2R3 (See Note 1) jj?
[nd 20 kO
a 10V
Vi)

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1
for Voo = 0 V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch.
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10.
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers.

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION)

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE
DAC LATCH CONTENTS ANALOG OUTPUT DAC LATCH CONTENTS ANALOG OUTPUT
msB  LsBt mMsB  LsB*
11111111 ~V; (255/256) 11111111 Vi (127/128)
10000001 ~Vj (129/256) 10000001 Vi (1/128)
10000000 -V (128/256) = -V;j/2 10000000 ov
01111111 —V; (127/256) 01111111 -V (1/128)
00000001 —V; (1/256) 00000001 -V (127/128)
00000000 —V; (0/256) = O 00000000 -V (128/128)
T1LSB = (2-8)y; F1LSB = (277
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

microprocessor interface information

NOTE:

NOTE:

AN
A8-A15 ADDRESS BUS ) ]

A

> DACA/DACB
ADDRESS |
SCPU DECODE Ts
051 LoGIC TLC7528

> WR
J N\ _|pBO
L4

N

.
DB7

ALE > LATCH

'}/\L AN
ADO-AD7 DATA BUS L 7

Data Sheets M

A = decoded address for TLC7528 DACA.
A+1 = decoded address for TLC7528 DACB.

FIGURE 5. TLC7528 — INTEL 8051 INTERFACE

A8-A15 ADDRESS BUS > ]

AV

A > DACA/DACB
ADDRESS
VMA DECODE [
LOGIC TLC7528

cPU R

6800 > WR
DBO

L[]

[J
02 DB7

L\
DO-D7 DATA BUS > ]

A = decoded address for TLC7528 DACA.
A+1 = decoded address for TLC7528 DACB.

FIGURE 6. TLC7528 — 6800 INTERFACE
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

AN
A8-A15 ADDRESS BUS 2 J
7

N

> DACA/DACB
ADDRESS |
iORQ DECODE [
LOGIC . TLC7528

A+1

CPU > WR
2 Z80-A \ | pbBO
.
.
wal 7—1oB7
O
[V
~
[ N
wn D0-D7 DATA BUS > )
=2
(1
2 NOTE: A = decoded address for TLC7528 DACA.
» A+1 = decoded address for TLC7528 DACB.

FIGURE 7. TLC7528 TO Z80-A INTERFACE

programmable window detector

The programmable window comparator shown in Figure 8 will determine if voltage applied to the DAC
feedback resistors are within the limits programmed into the TLC7528 data latches. Input signal range
depends on the reference and polarity, that is, the test input range is O to —Vyef. The DACA and DACB
data latches are programmed with the upper and lower test limits. A signal within the programmed limits
will drive the output high.

v v
TEST oD cc
INPUT

(3) |(17)
0 TO - Vet T 31k
p
ouTal(2)
(4 DACA
REFA 3
(14)
DATA > DEO
INPUTS .
"o P87 (1) PASS/FAIL
ot (19 =¢ —&
¢ o TLC7528AGND ﬁ T~ oureur
L]
6
»—®5acADACE
——\0UTB (20)
Y (18)| REFB +
ref DACB 2
S pano s
RFBB
(19)

FIGURE 8. DIGITALLY PROGRAMMABLE WINDOW COMPARATOR (UPPER- AND LOWER-LIMIT TESTER)
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

digitally controlled signal attenuator

Figure 9 shows the TLC7528 configured as a two-channel programmable attenuator. Applications include
stereo audio and telephone signal level control. Table 3 shows input codes vs attenuation foraOto 15.56 dB

range.
Attentuation db -~ - 20 logyg D/256, D ~ digital input code
(17) (3)
Vbp
REFA _L-\ il [
(4) OUTA
VINA DACA v A1 OUTPUT 2
[/}
DBO °
. DATA BUS Q
TLC7528 087 [~ c
s (15) 7;)
WR (16) ©
P TIT Y (6) h=4
(20){ouTtB DACA/DACB 8
(18)
DACB
Vos REFB
acnp
V' |ares panp 8L
(19) v
FIGURE 9. DIGITALLY CONTROLLED DUAL TELEPHONE ATTENUATOR
TABLE 3. ATTENUATION vs DACA, DACB CODE
CODE IN CODE IN
ATTN(dB)  DAC INPUT CODE ATTN(dB)  DAC INPUT CODE
(dB) ¢ co DECIMAL (dB) ¢ co DECIMAL
0 11111111 255 8.0 01100110 102
0.5 11110010 242 8.5 01100000 96
1.0 11100100 228 9.0 01011011 91
1.5 11010111 215 9.5 01010110 86
2.0 11001011 203 10.0 01010001 81
2.5 11000000 192 10.5 01001100 76
3.0 10110101 181 11.0 01001000 72
3.5 10101011 171 11.5 01000100 68
4.0 10100010 162 12.0 01000000 64
4.5 10011000 152 12.5 00111101 61
5.0 10010000 144 13.0 00111001 57
5.5 10001000 136 13.5 00110110 54
6.0 10000000 128 14.0 00110011 51
6.5 01111001 121 14.5 00110000 48
7.0 01110010 114 15.0 00101110 46
7.5 01101100 108 15.5 00101011 43
TExAs Q’
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

programmable state-variable filter

s}9ays eleq E

This programmable state-variable or universal filter configuration provides low-pass, high-pass, and band-
pass outputs, and is suitable for applications in which microprocessor control of filter parameters is required.

As shown in Figure 10, DACA1 and DACB1 control the gain and Q of the filter while DACA2 and DACB2
control the cutoff frequency. Both halves of the DACA2 and DACB2 must track accurately in order for
the cutoff-frequency equation to be true. With the TLC7528, this is easily achieved.

P
¢~ 2nR1C1

The programmable range for the cutoff or center frequency is O to 15 kHz with a Q ranging from 0.3 to
4.5. This defines the limits of the component values.

c3
47 of
v, (4)|REFA —\ OUTA|(2) R8s
[ - DACA = e
U 7vop E)‘“ @ a1
(14)| pgo ! RFBA}F— N 4
DATA . AGND|(1) MW
N Ll TLC7528 _R3 30kt HIGH PASS
S zs 1w0ke | out
cs \ ouTs}(20) A2 3
[4]:7] p. DACB ” .
_[|peno C (18) =
= @ REFB|
DACA/DACB — BANDPASS
out
DACA1 AND DACB1
c1
) 3
14)| REFA OUTA
(17) paca
Vop (Rq)
19 pag RFBA}—
DATA o AGND)
N 7] o TLC7528 c2
pB7 AYl
1es ouTs|i20) [ 21
B
nef DACE —\1000 pF L
ol Ry D S (L) s ;%\{rv PASS
—r—{ DGND [- s o +
= REFB}(18)
[(:]) p— 'l‘
——bACA/DACB
ATIONS:
DACAZ AND DACEZ CIRCUIT EQUATIONS
C1=C2.R1 = R2.Rg = Rg
R R
Q= 3. _"F
Ra Rib(DACB1)
R
Ao = — R_F
NOTES: A. Op-amps A1, A2, A3, and A4 are TL287. s

B. C3 compensates for the op-amp gain-bandwidth limitations.
256 x (DAC ladder resistance)

C. DAC equivalent resistance equals —
DAC digital code

FIGURE 10. DIGITALLY CONTROLLED STATE-VARIABLE FILTER
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TLC7528
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

voltage-mode operation

It is possible to operate the TLC7528 current multiplying D/A converter in a voltage mode. In the voltage
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at
the reference voltage pin. Figure 11 is an example of a current multiplying D/A, which is operated in voltage

mode.
nog .

REF (ANALOG
OUTPUT VOLTAGE)

N

g g R
( 0 q( 1 AAA .‘.’3
T T T OUT (FIXED INPUT 3
b * VOLTAGE) c
rLAGND 2
8
FIGURE 11. VOLTAGE-MODE OPERATION g
The relationship between the fixed input voltage and the analog output voltage is given by the following
equation:
Vo = V| (D/256)
where

V(O = analog output voltage
Vy = fixed input voltage
D = digital input code converted to decimal

In voltage-mode operation, the TLC7528 will meet the following specification:

PARAMETER TEST CONDITIONS MIN  MAX UNIT
Linearity error at REFA or REFB Vpp = 5V, OUTA or OUTB at 2.5 V, Tp = 0°C to 70°C 1 LSB
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

D2964, SEPTEMBER 1987 —REVISED SEPTEMBER 1988

Advanced LinCMOS™ Silicon-Gate Process
Technology

14-Bit Dynamic Range ADC and DAC

Variable ADC and DAC Sampling Rate Up to
19,200 Samples per Second

Switched-Capacitor Antialiasing Input Filter
and Output-Reconstruction Filter

Serial Port for Direct Interface to
TMS32011, TMS320C17, TMS32020, and
TMS320C25 Digital Processors

Synchronous or Asynchronous ADC and
DAC Conversion Rates with Programmable
Incremental ADC and DAC Conversion
Timing Adjustments

Serial Port Interface to SN74299 Serial-to-
Parallel Shift Register for Parallel Interface
to TMS32010, TMS320C15, or Other
Digital Processors

PART DESCRIPTION

NUMBER

TLC32040 | Analog Interface Circuit with internal
reference. Also a plug-in replacement
for TLC32041.

TLC32041 | Analog Interface Circuit without internal
reference.

TLC32042 | Identical to TLC32040, but has a
slightly wider bandpass filter bandwidth

description

The TLC32040, TLC32041, and TLC32042 are
complete analog-to-digital and digital-to-analog
input/output systems, each on a single
monolithic CMOS chip. This device integrates a
bandpass switched-capacitor antialiasing input
filter, a 14-bit-resolution A/D converter, four
microprocessor-compatible serial port modes, a
14-bit-resolution D/A converter, and a low-pass

N PACKAGE
(TOP VIEW)
nu [ Uag[Inu
RESET (]2 27[dNU
EobR[]s  28[JIN+
FSRIJs  2s[dIN-
prRs  24[JAUX IN+
MSTR CLK [J6  23[JAUX IN-
vpp 7 220out+
rer (8 2 %IOUT~
pgTLGND (Jo  200vee+
SHIFT CLK Ew 1w[Jvee -
EODX []11 18[JANLG GND
px (12 17[JANLG GND
WORD/BYTE [J13  16[]NU
FSxX (14 15[JNU
FN PACKAGE
(TOP VIEW)
= i
5&%3222
75 27 327 %
DR[])s 25(] IN-
MSTR CLK [J6 24[] AUX IN+
vop 07 23[] AUX IN -
REF [J 8 22[] oUT +
DGTL GND PJ 9 21[J ouT -~
SHIFT CLK [J10 20(f vee +
EODX 11 190 Vee -
1213 141516 17 18
oo cdm

o

8 I

[

WORD/BYT

X
V]
U
D
D

N

ANLG GN
ANLG GN

N

Data Sheets

NU —Nonusable; no external connection should be made to these

pins.

switched-capacitor output-reconstruction filter. The device offers numerous combinations of Master Clock
input frequencies and conversion/sampling rates, which can be changed via digital processor control.

Typical applications for this IC include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog
interface for digital signal processors (DSPs), speech recognition/storage systems, industrial process control,
biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS320C17,
TMS32020, and TMS320C25 digital signal processors, are provided. Also, when the transmit and receive
sections of the Analog Interface Circuit (AIC) are operating synchronously, it will interface to two SN74299

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

dard Production p ing does not
necessarily include testing of all parameters.
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TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC32042I, TLC32042C
ANALOG INTERFACE CIRCUITS

description (continued)

serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the
TMS32010, TMS320C15, other digital signal processors, or external FIFO circuitry. Output data pulses
are emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate
between two transmitted bytes. A flexible control scheme is provided so that the functions of the IC can
be selected and adjusted coincidentally with signal processing via software control.

The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/ellip‘tic
transitional) low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is
implemented in switched-capacitor technology and is preceded by a continuous time filter to eliminate
any possibility of aliasing caused by sampled data filtering. When no filtering is desired, the entire composite
filter can be switched out of the signal path. A selectable, auxiliary, differential analog input is provided
for applications where more than one analog input is required.

The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no
missing codes and monotonic operation. An internal voltage reference is provided on the TLC32040 and
TLC32042 to ease the design task and to provide complete control over the performance of the IC. The
internal voltage reference is brought out to a pin and is available to the designer. Separate analog and
digital voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic range.
Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum.
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter
with a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed
by a continuous-time filter to eliminate images of the digitally encoded signal.

The TLC32040l, TLC32041l, and TLC32042I are characterized for operation from —40°C to 85°C, and
the TLC32040C, TLC32041C, and TLC32042C are characterized for operation from 0°C to 70°C.

functional block diagram

BANDPASS FILTER
IN+—1» SERIAL —» FSR
ﬂ v FomT
U A/D - » DR
IN - —- M M
u J—
X /'y —» EGDR
AUX IN + —1b
- —_—— -
{_ 7 MSTR CLK
AUX IN - I INTERNAL | |
VOLTAGE
RECEIVE SECTION aererence | | — SHIFT CLK
— - = — — = — == ————— | ficazoa0 | |
Il rcazosz | WORD/BYTE
| ONLY) |
- X
LOW-PASS FILTER
—» FSX
OuT + ¢ s |
——\— D/A ] -U- # EODX
ouT - < - e
>
TRANSMIT SECTION

Pt 1t ] i

Vecc+ Vec- ANLG DTGL Vpp REF RESET
GND GND (DIG)
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

PRINCIPLES OF OPERATION

analog input

A/D

A/D

Two sets of analog inputs are provided. Normally, the IN + and IN — input set is used; however, the auxiliary
input set, AUX IN + and AUX IN —, can be used if a second input is required. Each input set can be operated
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided.
The gain for the IN+, IN—, AUX IN +, and AUX IN — inputs can be programmed to be either 1, 2, or 4
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide
dynamic range is assured by the differential internal analog architecture and by the separate analog and
digital voltage supplies and grounds.

bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this
filter is presented in the following pages. This response results when the switched-capacitor filter clock
frequency is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter
clock. When the filter clock frequency is not 288 kHz, the filter transfer function is frequency-scaled by
the ratio of the actual clock frequency to 288 kHz. The low-frequency roll-off of the high-pass section
is 300 Hz. However, the high-pass section low-frequency roll-off is less steep for the TLC32042 than for
the TLC32040 and TLC32041.

The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock
for several Master Clock input frequencies.

The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked. '

converter performance specifications

Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold.

analog output

D/A

The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads
directly in either a differential or single-ended configuration.

low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The frequency response of this filter is presented in the following pages. This response results when the
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough.

The D/A conversion rate is then attained by frequency-dividing the 288-kHz switched-capacitor filter clock
with TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously
locked.

TeExAs Q’
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

PRINCIPLES OF OPERATION (continued)

asynchronous versus synchronous operation

D/A

sj9ays eieq E

If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC)
are operated asynchronously, the low-pass and band-pass filter clocks are independently generated from
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description
Section.)

converter performance specifications

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

system frequency response correction

Sin x/x correction circuitry is performed in digital signal processor software. The system frequency response
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates.
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x Correction Section
for more details).

serial port

The serial port has four possible modes that are described in detail in the Functional Pin Description Section.
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE.

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS32011 and TMS320C17.

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS32020 and the TMS320C25.

3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32011 and TMS320C17.

4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32020, TMS320C25, or two SN74299 serial-to-parallel shift registers, which can
then interface in parallel to the TMS32010, TMS320C15, to any other digital signal processor,
or to external FIFO circuitry.

testing

An addendum accompanying this data sheet fully describes the test capabilities of the IC, provided by
the design.

operation of TLC32040 or TLC32042 with internal voltage reference

The internal reference of the TLC32040 and TLC32042 eliminates the need for an external voltage reference
and provides overall circuit cost reduction. Thus, the internal reference eases the design task and provides
complete control over the performance of the IC. The internal reference is brought out to a pin and is available
to the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor
may be connected between REF and ANLG GND.
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

PRINCIPLES OF OPERATION (continued)

operation of TLC32040, TLC32041, or TLC32042 with external voltage reference

The REF pin may be driven from an external reference circuit if so desired. This external circuit must be
capable of supplying 250 A and must be adequately protected from noise such as crosstalk from the
analog input.

reset

A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast,
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX
Data Word Format section).

loopback

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally
connected to the IN+ and IN — pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some
difference in these bits due to the ADC and DAC output offsets.

In loopback, if the IN + and IN — pins are enabled, the external signals on the IN+ and IN — pins are ignored.
If the AUX IN + and AUX IN — pins are enabled, the external signals on these pins are added to the OUT +
and OUT - signals in loopback operation.

The loopback feature is implemented with digital signal processor control by transmitting the appropriate
serial port bit to the control register (see AIC Data Word Format section).

PIN

name  no. |"° DESCRIPTION

ANLG GND 17,18 Analog ground return for all internal analog circuits. Not internally connected to DGTL GND.

AUX IN + 24 I | Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter

path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace
the IN+ and IN — inputs. If the bitis a O, the IN+ and IN - inputs will be used (see the AIC DX Data Word
Format section).

AUX IN -

23

Inverting auxiliary analog input (see the above AUX IN + pin description).

DGTL GND

Digital ground for all internal logic circuits. Not internally connected to ANLG GND.

DR

This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal.

DX

12

This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal.

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial-
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the
second byte has been transmitted. The TMS32011 or TMS320C 17 can use this low-going signal to differentiate
between the two bytes as to which is first and which is second.
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TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

NO.

1o

DESCRIPTION

1

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate
parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte-
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to
the AIC and is kept low until the second byte has been transmitted. The TMS32011 or TMS320C17 can use
this low-going signal to differentiate between the two bytes as to which is first and which is second.

In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.)

n
o)
X

14

When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description,
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration
Diagrams).

IN +

sjoayg eieqg E
g

26

Noninverting input to analog input amplifier stage

IN -

25

Inverting input to analog input amplifier stage

MSTR CLK

The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration).

OUT +

22

Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads
directly in either a differential or a single-ended configuration.

Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +.

1/0

For the TLC32040 and TLC32042, the internal voltage reference is brought out on this pin. For the TLC32040,
TLC32041, and TLC32042, an external voltage reference can be applied to this pin.

A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all
AIC registers including the control register. After a negative-going pulse on the RESET
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits
will be reset as follows (see AIC DX Data Word Format section).

d7 =1,d6 = 1,d5 =1,d4 =0,d3 =0,d2 =1

This initialization allows normal serial-port communication to occur between AIC and DSP.

SHIFT CLK

10

The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description
below (see the Serial Port Timing and Internal Timing Configuration diagram).

Vbbp

Digital supply voltage, 5V +5%

Vee+

20

Positive analog supply voltage, 5V +5%

Vee -

19

Negative analog supply voltage -5 V +5%
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

PIN

NAME NO.

[[{e}

DESCRIPTION

WORD/BYTE 13

This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial
modes. These four serial modes are described below.

AIC transmit and receive sections are operated asynchronously.

The following description applies when the AIC is configured to have asynchronous transmit and receive sections.
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and
receive sections will be asynchronous.

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates
in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams).

. The FSX or FSR pin is brought low.

. One 8-bit byte is transmitted or one 8-bit byte is received.

. The EODX or EODR pin is brought low.

. The FSX or FSR pin emits a positive frame-sync pulse that is

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted or one 8-bit byte is received.
6. The EODX or EODR pin is brought high.
7. The FSX or FSR pin is brought high.

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX or FSR pin is brought low.

2. One 16-bit word is transmitted or one 16-bit word is received.

3. The FSX or FSR pin is brought high.

4. The EODX or EODR pin emits a low-going pulse.
AIC transmit and receive sections are operated synchronously.
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical
during primary data communication; however, FSR will not be asserted during secondary data communication
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial
Port Timing diagrams).

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates

in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams):

1. The FSX and FSR pins are brought low.

2. One 8-bit byte is transmitted and one 8-bit byte is received.

3. The EODX and EODR pins are brought low.

4. The FSX and FSR pins emit positive frame-sync pulses that are

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted and one 8-bit byte is received.

6. The EODX and EODR pins are brought high.

7. The FSX and FSR pins are brought high.

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX and FSR pins are brought low.

2. One 16-bit word is transmitted and one 16-bit word is received.

3. The FSX and FSR pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data
bus communications between the AIC and the digital signal processor. The operation sequence is the same
as the above sequence (see Serial Port Timing diagrams).

A WN =
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TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

INTERNAL TIMING CONFIGURATION

sjo9yg eieq M

MASTER CLOCK F———m—— —————— SHIET CLOCK
5.184 MHz (1) ' 1.296 MHz (1)
osesm2 \ T ——2 _ _ _ __1 2.592 MHz (2)
20.736 MHz (1) ——— — —— — — G— — —— —— — — —— — — — —
] 41472 MHe (2) (e r ——— -:
> |
| (2's COMPL)
I LOW-PASS |
Y Y SWITCHED |
OPTIONAL EXTERNAL CIRCUITRY | ADDER DIVIDE BY 2 CAP FILTER
__FOR FULL- DUPLEX MODEMS = | SUBTRACTOR CLK = 288 kHz |
1 153.6 kHz -: (6 BITS) SQUARE WAVE I
CLOCK (1
1Y owvioe {)[" commeRciaL ! T8 REGISTER |
| |8Y 1385 > externaL || | (6 BITS)
FRONT-END | | I
| FULLDUPLEX || | {
i SPLIT-BAND do.d1=0.0 dg.d1=0,1 |
L FILTERS' | | do.di=1.1% dg.d1=1,0% X COUNTER B |
—_——e e e =4 .
| TX COUNTER A Tooao T2 D/A I
| A= 9 | o B=36: 8.0kHz L3 CONVERSION
A - 182y TB=30; 9.6 kHz FREQUENCY |
I 6 sims 576-kHz TB=20; 14.4 kHz
! PULSES TB=15; 19.2 kHz |
RA’ REGISTER |
| RA REGISTER (6 BITS) |
{5 BITS) (2's COMPL)
| BANDPASS |
Y SWITCHED
| ADDER/ DIVIDE BY 2 capeiter |
I SUBTRACTOR CLK = 288 kHz I
(6 BITS) SQUARE WAVE
I RB REGISTER |
| (6 BITS) I
' dg.d1=0,0 dg.d1=0.1 {
do.d1=1.1% dod1=1.0* RX COUNTER B |
| R COUNTER & ra-do. 72kr | !
| RA = 9 | RB-30. 96 kM. [—® CONvERsion |
RA = 18 (2 > e FREQUENCY
l :6 BITS) 82 576-kHz RB=20; 14.4 kHz l
PULSES RB=15; 19.2 kHz J

g g

Master Clock Frequency
2 x Contents of Counter A

SCF Clock Frequency =

NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high-
speed digital signal processors.

TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320.

*These control bits are described in the AIC DX Data Word Format section.

s
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

explanation of internal timing configuration

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is
derived by dividing the Master Clock input signal frequency by four.

Master Clock Frequency
2 x Contents of Counter A

SCF Clock Frequency

I

SCF Clock Frequency

Conversion Frequency Contents of Counter B

Master Clock Frequency
4

It

Shift Clock Frequency

TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the
switched-capacitor low-pass and bandpass filters to meet their transfer function specifications, the
frequency of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the
clock inputs are not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the clock
frequencies to 288 kHz. Thus, to obtain the specified filter responses, the combination of Master Clock
frequency and TX Counter A and RX Counter A values must yield 288-kHz switched-capacitor clock signals.
These 288-kHz clock signals can then be divided by the TX Counter B and RX Counter B to establish the
D/A and A/D conversion timings. '

TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register.
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case,
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register
less the RA’ Register, or the RA Register plus the RA’ Register.

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem
frequencies.

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description),
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also,
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA
Register, RA’ Register, and RB Registers are not used.
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC32042l, TLC32042C
ANALOG INTERFACE CIRCUITS

AIC DR or DX word bit pattern

A/D or D/A MSB,
1st bit sent

1st bit sent of 2nd byte

A/D or D/A LSB

[ o1s]p1a[ 013[ p12] D11] D10] D9 D8 [ D7 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 [ DO |

AIC DX data word format section

d15]d14]d13]d12[d11[d10]d9 [d8]d7]d6 [d5 a4 [a2]d1]d0

COMMENTS

primary DX serial communication protocol

The TX and RX Counter A’s are loaded with the TA and RA register
values. The TX and RX Counter B's are loaded with TB and RB
register values.

The TX and RX Counter A’s are loaded with the TA+TA" and
RA +RA’ register values. The TX and RX Counter B's are loaded
with the TB and RB register values. NOTE: d1 =0, dO =1 will cause
the next D/A and A/D conversion periods to be changed by the
addition of TA” and RA’ Master Clock cycles, in which TA" and
RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.

The TX and RX Counter A’s are loaded with the TA-TA" and
RA - RA’ register values. The TX and RX Counter B’s are loaded
with the TB and RB register values. NOTE: d1 =1, dO =0 will cause
the next D/A and A/D conversion periods to be changed by the
subtraction of TA” and RA’ Master Clock cycles, in which TA’ and
RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.

< d15 (MSB) through'd2 go to the D/A -] oo
converter register

— d15 (MSB) through d2 go to the D/A -] o
converter register

<« d15 (MSB) through d2 go to the D/A —-| 1 0
converter register

« d15 (MSB) through d2 go to the D/A - 11

converter register

The TX and RX Counter A's are loaded with the TA and RA register
values. The TX and RX Counter B’s are loaded with the T8 and
RB register values. After a delay of four Shift Clock cycles, a
secondary transmission will immediately follow to program the AIC
to operate in the desired configuration.

NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC

will initiate Secondary Communications upon completion of the Primary Communications.

Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner,
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary

Communications.
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TLC32040I, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

secondary DX serial communication protocol

CONTROL
REGISTER

x x | < to TA register | x x| < to RA register > | 0 0 | d13 and d6 are MSBs (unsigned binary)
x| < to TA'register —>|x | <= to RA’ register — | 0 1| d14 and d7 are 2's complement sign bits
x| < to TBregister —>| x| < to RB register — | 1 0 | d14 and d7 are MSBs (unsigned binary)
X X X X X X X X d7 d6 d5 d4 d3 d2 11

d2 = 0/1 deletes/inserts the bandpass filter

d3 = 0/1 disables/enables the loopback function

d4 = 0/1 disables/enables the AUX IN + and AUX IN — pins
d5 = 0/1 asynchronous/synchronous transmit and receive sections
d6é = 0/1 gain control bits (see Gain Control Section)

d7 = 0/1 gain control bits (see Gain Control Section)

reset function

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and
D/A conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register,

will be initialized as follows (see AIC DX Data Word Format section):

INITIALIZED
REGISTER
REGISTER VALUE (HEX)
TA 9
TA’ 1
B 24
RA 9
RA’ 1
RB 24

The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section):
d7 =1,d6 =1,d5 =1,d4 =0,d3 =0,d2 =1

Data Sheets E

This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit
and receive sections are configured to operate synchronously and the user wishes to program different
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format

sections).

The circuit shown below will provide a reset on power-up when power is applied in the sequence given
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND.

TLC32040/
TLC32041/

TLC32042

Vee +

RESET

Vee -

+5V
200 kQ

0.5 uF
——1——5V
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TLC32040I, TLC32040C, TLC32041l, TLC32041C,
TLC32042l, TLC32042C
ANALOG INTERFACE CIRCUITS

power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that a
Schottky diode with a forward voltage less than or equal to 0.4 V be connected from VcC — to ANLG
GND (see Figure 17). In the absence of such a diode, power should be applied in the following sequence:
ANLG GND and DGTL GND, Vcc —. then Vcc + and Vpp. Also, no input signal should be applied until
after power-up.

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response

of the AIC to these conditions are presented in Table 1 below.
2 AIC register constraints
o The following constraints are placed on the contents of the AIC registers:
g 1. TA register must be > 1.
Q 2. TA' register can be either positive, negative, or zero.
o 3. RA register must be > 1.
5 4. RA’ register can be either positive, negative, or zero.
(¢] 5. (TA register + TA' register) must be > 1.
@ 6. (RA register + RA’ register) must be > 1.
s 9 9 .
(] 7. TB register must be > 1.
TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS
IMPROPER CONDITION AIC RESPONSE
TA register + TA’ register = O or 1 Reprogram TX Counter A with TA register value
TA register — TA’ register = O or 1
TA register + TA' register < O MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A |
i.e., TA register + TA' register + 40 HEX is loaded into TX Counter A
RA register + RA’ register = 0 or 1 Reprogram RX Counter A with RA register value
RA register — RA’ register = O or 1
RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A,
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A
TA register = O or 1 AIC is shut down
RA register = O or 1
TB register = O or 1 Reprogram TB register with 24 HEX
RB register = O or 1 Reprogram RB register with 24 HEX
AIC and DSP cannot communicate Hold last DAC output
improper operation due to conversion times being too close together
If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B
registers are improperly programmed or if the A + A’register or A — A’register result is too small. When
incrementally adjusting the conversion period via the A + A’register options, the designer should be very
careful not to violate this requirement (see diagram below).
tq t2
FRAME ]
SYNC
FSX |
% }¢—ONGOING CONVERSION —¥{
t2 — t1 = 1/19.2 kHz
TeExAs bi
2-258

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC32042I, TLC32042C
ANALOG INTERFACE CIRCUITS

asynchronous operation — more than one receive frame sync occurring between two transmit frame
syncs

When incrementally adjusting the conversion period via the A + A’or A — A’ register options, a specific
protocol is followed. The command to use the incremental conversion period adjust option is sent to the
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B.
The adjustment command only adjusts one transmit conversion period and one receive conversion period.
To adjust another pair of transmit and receive conversion periods, another command must be issued during
a subsequent FSX frame (see figure below).

tq

FSX

j&———————— TRANSMIT CONVERSION PERIOD ———9|
t2

FSR

Data Sheets E

| 1
|&—RECEIVE CONV. —pi¢— RECEIVE CONV.—¥
PERIOD A PERIOD B

asynchronous operation — more than one transmit frame sync occurring between two receive frame
syncs

When incrementally adjusting the conversion period via the A + A’ or A — A’register options, a specific
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period
adjustment is performed near the end of the conversion period. The command to use the incremental
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted.
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B,
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B
adjustment command.

tq
FSX I

| |
[-TRANSMIT CONV. D¢~ TRANSMIT CONV.—Dj& TRANSMIT CONV. ¥
PERIOD A PERIOD B PERIOD C

t2

FSR |

| ]
|¢————RECEIVE CONVERSION PERIOD A ————pj¢—————RECEIVE CONVERSION PERIOD B——P]

{i,
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TLC320401, TLC32040C, TLC320411, TLC32041C,
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asynchronous operation — more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX Data Word Format section)

The TA, TA’, TB, and control register information that is transmitted in the secondary communications
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is
received during this receive conversion period will be disregarded (see diagram below).

s199yg eieq E
\

t
PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY
! TRANSMIT | TRANSMIT | TRANSMIT |
J&—————CONVERSION—————pj¢————————— CONVERSION——————pj¢——————— CONVERSION —————|
PERIOD A PERIOD B PERIOD C
t2
RECEIVE CONVERSION ' '
+—— ¢ RECEIVE CONVERSION PERIOD B—————————|

PERIOD A

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

Supply voltage, VCC + (see Note 1) .. ... . .. . -0.3Vto 15V
Supply voltage, VDD . - -« o i -0.3Vto15V
Output voltage, VO . .. .. .. -0.3Vto15V
Input voltage, V| .. ... -0.3Vto 15V
Digital ground voltage . ... .. ... .. .. . ... -0.3Vto15V
Operating free-air temperature range: TLC32040l, TLC320411, TLC32042] .. .. .. —40°C to 85°C

TLC32040C, TLC32041C, TLC32042C .. ... .. 0°C to 70°C
Storage temperature range . . .. .. ..o ittt —-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: Voltage values for maximum ratings are with respect to VCC —.
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TLC32040I, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

recommended operating conditions

PARAMETER MIN NOM MAX | UNIT
Supply voltage, V¢ 4+ (see Note 2) 4.75 5 5.25 \
Supply voltage, Ve - (see Note 2) -4.75 -5 -5.25 \Y
Digital supply voltage, Vpp (see Note 2) 4.75 5 5.25 \Y
Digital ground voltage with respect to ANLG GND, DGTL GND o] \
Reference input voltage, Vref(ext) (see Note 2) 2 4 \
High-level input voltage, V|4 2 Vpp +0.3 \
Low-level input voltage, V| (see Note 3) -0.3 0.8 \
Load resistance at OUT + and/or OUT -, R 300 Q
Load capacitance at OUT + and/or OUT -, C|_ 100 pF 2
MSTR CLK frequency (see Note 4) 0.075 5 10.368 MHz
Analog input amplifier common mode input voltage (see Note 5) +1.5 \"
A/D or D/A conversion rate 19.2 kHz 3
Conversion rate 1 20 kHz [(}]
Operating free-air temperature, Ta TLC32040I, TLC320411, TLC32042I -40 85 oc g
TLC32040C, TLC32041C, TLC32042C ] 70 7,)
NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc 4+, and V¢ -, are with respect to the ANLG GND terminal. Voltages at S
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. ©
3. The algebraic convention, in which the least positive {(most negative) value is designated minimum, is used in this data sheet o
for logic voltage levels and temperature only.
4. The bandpass and low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock
frequency is 288 kHz. For switched-capacitor filter clocks at trequencies other than 288 kHz, the filter response is shifted
by the ratio of switched-capacitor filter clock frequency to 288 kHz.
5. This range applies when (IN+ — IN—-) or (AUX IN+ - AUX IN-) equals +6 V.
i
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TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC32042I, TLC32042C
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electrical characteristics over recommended operating free-air temperature range, VCC+ = 5V,
Vgec- = -5V, Vpp = 5 V (unless otherwise noted)

total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYP! MAX | uNiT
VoH High-level output voltage Vpp = 4.75V, loy4 = —300 sA 2.4 \
VoL Low-level output voltage Vpp = 475V, lgpL = 2 mA 0.4 Vv
TLC3204-C 35
! Suppl! t fi V A
cc+ Supply current from Ve + TiC3204 1 20 m
TLC3204_C -35
Icc- | f Vee -
cc Supply current from Vg TLC3204 1 ) 20 mA
2 Ipp Supply current from Vpp fMSTR CLK = 5.184 MHz 7 mA
Vief  Internal reference output voltage 3 3.3 \2

Temperature coefficient of internal

100 /°C
U “Vref reference voltage ppm
9., o QOutput resistance at REF 100 kQ
1Y )
¢ receive amplifier input
g PARAMETER TEST CONDITIONS MIN TYP' MAX | uNIT
2 A/D converter offset error (filters bypassed) 25 65 mV
(7, A/D converter offset error (filters in) 25 65 mV
Common-mode rejection ratio at IN+, IN—,
CMRR rejection ratio See Note 6 55 d8

or AUX IN+, AUX IN —

Input resistance at IN+, IN—

n 100 K
or AUX IN+, AUX IN -, REF

transmit filter output

PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT
[o] t off | t OUT + or OUT -
Voo l'Jtpu offset vol tége at OU or OU 15 75 iy
(single-ended relative to ANLG GND)
Maximum peak output voltage swing across R = 300 Q,
Vom ) +3 \
R at OUT + or OUT — (single-ended) Offset voltage = O

Maximum peak output voltage swing between

Vom ) :
OUT + and OUT - (differential output)

RL = 600 Q +6 v

tal typical values are at Tp = 25°C.
NOTE 6: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate.
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TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VcCc+ = 5V,
Vcec- = =5V, Vpp = 5V (unless otherwise noted)

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN TYP! MAX | uNIT
Attenuation of second harmonic of | single-ended| Vi, = ~0.1 dB to - 24 dB referred to Vef, 70 .
A/D input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vi, = —0.1 dB to — 24 dB referred to Vief, 65 a8
harmonics of A/D input signal differential See Note 7 57 65
Attenuation of second harmonic of | single-ended| Vi, = —0 dB to —24 dB referred to Vef, 70 B
D/A input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vi, = -0 dB to —24 dB referred to V ef, 65 B 2
harmonics of D/A input signal differential See Note 7 57 65
n
A/D channel signal-to-distortion ratio 'q','
TEST CONDITIONS Ay = 1% A, = 2% Ay = 4 oNIT _2
PARAMETER (see Note 7) MIN MAX | MIN MAX | MIN MAX ! [75]
Vin = -6 dBto -0.1dB 58 >588 >58%8 ©
Vin = ~12dBto -6 dB 58 58 >588 ‘Q-U'
Vin = —18dBto —12 dB 56 58 58 (@]
Vin = —24 dBto —18 dB 50 56 58
A/D channel signal-to-distortion ratio Vin = =30 dB to ~24 dB 44 50 56 dB
Vin = —36 dB to —30 dB 38 44 50
Vin = —42 dB to —36 dB 32 38 44
Vinp = —48 dB to ~42 dB 26 32 38
Vin = -54 dBto —48 dB 20 26 32
D/A channel signal-to-distortion ratio
PARAMETER TEST CONDITIONS MIN  MAX | UNIT
(see Note 7)
Vin = —6dBto —-0.1 dB 58
Vinh = -12dBto -6 dB 58
Vin = -18 dBto -12 dB 56
Vin = -24 dBto -18 dB 50
D/A channel signal-to-distortion ratio Vin = —30dB to -24 dB 44 dB
Vin = —36 dBto -30 dB 38
Vin = —42 dB to —36 dB 32
Vinh = —48 dBto -42 dB 26
Vin = —54 dBto -48 dB 20
gain and dynamic range
PARAMETER TEST CONDITIONS MIN  TYPT  mAX | uNniT
fl\bsolute transmit gain tracking error while transmitting —48 dB to O dB signal range, £0.05 20.15 a8
into 600 Q See Note 8
Absolute receive gain tracking error ~48 dB 10 0 dB signal range, +0.05 +0.15 dB
See Note 8

TAll typical values are at Tp = 25°C.
tAV is the programmable gain of the input amplifier.
5A value > 58 is overrange and signal clipping occurs.
NOTES: 7. The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to V ef). The load impedance for the
DAC is 600 Q.
8. Gain tracking is relative to the absolute gain at 1 kHz and O dB (O db relative to Vyef).

TEXAS ‘Q’ 9263
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265




TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC32042l, TLC32042C
ANALOG INTERFACE CIRCUITS

power supply rejection and crosstalk attenuation

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT

v of Ve supply voltage f = 0 to 30 kHz idle channel, supply signal 30
re(j:ei;on rat(i:oC receif/): Zh:\ne? § 30 at 200 mV p-p measured d8

' = 30 kHz to 50 kHz at DR (ADC output) 45
Ve + or Vee — supply voltage f = 0 to 30 kHz ldle channel, supply signal 30
rejection ratio, transmit channel at 200 mV p-p measured dB
(single-ended) f = 30 kHz to 50 kHz at OUT + 45
Crosstalk attenuation, transmit-to-receive (single-ended) 80 dB

delay distortion, SCF clock frequency = 288 kHz +2%, input (IN+ — IN-) is *3-V sinewave

Please refer to filter response graphs for delay distortion specifications.

TLC32040 and TLC32041 bandpass filter transfer function (see curves), SCF clock
frequency = 288 kHz +2%, input (IN+ — IN—-) is a *3-V sinewave (see Note 9)

s)}a99yg eleq E

PARAMETER TEST CONDITIONS MIN MAX | UNIT
f = 100 Hz ~42
Filter Gain X X f=170Hz =25
Input signal reference is O dB 300 Hz = f = 3.4 kHz -0.5 0.5 dB
(see Note 10)
f = 4 kHz -16
f = 4.6 kHz ~-58

TLC32042 bandpass filter transfer function (see curves), SCF clock frequency = 288 kHz +2%,
input (IN+ — IN-) is a *+3-V sinewave (see Note 9)

PARAMETER TEST CONDITIONS MIN MAX [ UNIT
f = 100 Hz -27
Filter Gain _ , f= 170 He 2
Input signal reference is O dB 300 Hz = f < 3.4 kHz -0.5 0.5 dB
(see Note 10)
f = 4 kHz -16
f = 4.6 kHz -58

low-pass filter transfer function, SCF clock frequency = 288 kHz +2% (see Note 9)

PARAMETER TEST CONDITIONS MIN MAX [ UNIT
f < 3.4 kHz -0.5 0.5
Filter Gain X X f = 3.6 kHz -4
Output signal reference is O dB dB
(see Note 10) f = 4 kHz -30
f=4.4kHz -58
serial port
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
VoH High-level output voltage loH = —300 pA 2.4 \
VoL Low-level output voltage loL = 2 mA 0.4 \2
I} input current +10 pA
Cy Input capacitance 15 pF
Co Output capacitance 15 pF

tAl typical values are at Tp = 25°C.

NOTES: 9. The above filter specifications are for a switched-capacitor filter clock range of 288 kHz +2%. For switched-capacitor filter
clocks at frequencies other than 288 kHz + 2%, the filter response is shifted by the ratio of switched-capacitor filter clock
frequency to 288 kHz.

10. The filter gain outside of th.e passband is measured with respect to the gain at 1 kHz. The filter gain within the passband
is measured with respect to the average gain within the passband. The passbands are 300 to 3400 Hz and O to 3400 Hz
for the bandpass and lowpass filters respectively.
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TLC320401, TLC32040C, TLC32041], TLC32041C,
TLC32042I, TLC32042C
ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VcC+ = 5 V,
vVge- = -5V, Vpp =5V

noise (measurement includes low-pass and bandpass switched-capacitor filters)

PARAMETER TEST CONDITIONS TYPt  MAX | uNnIT
single-ended 200 wV rms
Transmit noise . . DX input = 00000000000000, constant input code 300 500 | uV rms
differential
20 dBrncO
Receive noise (see Note 11) Input ded, gain = 1 300 478 [wVrms
celve noise ee NO’ nputs grounded, gain =
puts 9 i 20 dBrnc0
timing requirements 2
serial port recommended input signals
PARAMETER MIN max [unir | &8
tc(MCLK) Master clock cycle time 95 ns 8
tr(MCLK) Master clock rise time 10 ns £
tH(MCLK) Master clock fall time 10 ns (/)]
Master clock duty cycle 42% 58% ©
RESET pulse duration (see Note 12) 800 ns ‘.(-B‘
tsu(DX) DX setup time before SCLK! 20 ns (o)
th(DX) DX hold time after SCLK! tc(SCLK)/4 ns
T All typical values are at Tp = 25°C. )
NOTES: 11. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be
correspondingly reduced. The noise is computed by statistically evaluating the digital output of the A/D converter.
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached
their recommended values.
:I
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‘TLC320401, TLC32040C, TLC32041l, TLC32041C,
TLC32042I, TLC32042C
ANALOG INTERFACE CIRCUITS

correction resulits

N

O
o
~*
o
2]
=3
@
]
~*
(73

Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and

9600-Hz sampling rates.

TABLE 4
ERROR (dB) ERROR (dB)
fs = 8000 Hz fs = 9600 Hz
f (Hz)
p1 = -0.14813 p1l = ~-0.1307
p2 = 0.9888 p2 = 0.9951
300 -0.099 -0.043
600 -0.089 -0.043
900 -0.054 [o]
1200 -0.002 0
1500 0.041 o]
1800 0.079 0.043
2100 0.100 0.043
2400 0.091 0.043
2700 -0.043 [¢]
3000 -0.102 -0.043

TMS320 software requirements

The digital correction filter equation can be written in state variable form as follows:

where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the
filter state, and U is the next I/0 sample. The coefficients k1 and k2 must be represented as 16-bit integers.
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be
executed in seven instructions or seven cycles with the following program:

ZAC

LT K2

MPY U

LTA K1

MPY Y

APAC

SACH (dma), (shift)

Y = k1Y +k2U
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC32042I, TLC32042C

ANALOG INTERFACE CIRCUITS

sin x/x correction section

The AIC does not have sin x/x correction circuitry after the digital-to-analog converter. Sin x/x correction
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The
results, which are shown below, are typical of the numerical correction accuracy that can be achieved
for sample rates of interest. The filter requires only seven instruction cycles per sample on the
TMS320 DSPs. With a 200-ns instruction cycle, nine instructions per sample represents an overhead factor
of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, respectively. This correction will add a
slight amount of group delay at the upper edge of the 300—3000-Hz band.

sin x/x roll-off for a zero-order hold function

The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for

the various sampling rates is shown in the table below.

TABLE 3. sin x/x ROLL-OFF

20 log sin = f/fg
fg (H2) * s
(f = 3000 Hz)
(dB)
7200 ~2.64
8000 —2.11
9600 -1.44
14400 -0.63
19200 -0.35

N

Data Sheets

Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has

less than a 100-% duty cycle hold interval.

correction filter

To compensate for the sin x/x roli-off of the AIC, a first-order correction filter shown below, is recommended.

Ui+ 1)

(1-p1)P2

p1

The difference equation for this correction filter is:

Yi+1 = p2(1-p1) (Uj+ 1) +p1yj

where the constant p1 determines the pole locations.

The resulting squared magnitude transfer function is:

p22 (1-p1)2

H(f)|2 =
[H(A) 1 — 2p1 cos(2 7 f/fg) + p12

—> Yii+ 1)

xas
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TLC320401, TLC32040C, TLC32041l, TLC32041C,

TLC32042i, TLC32042C
ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature rahge, Vec+ =5V,
Vece~ = -5V, Vpp = 5V (continued)
serial port — AIC output signals
PARAMETER MIN MAX | UNIT
te(SCLK) Shift clock (SCLK) cycle time 380 ns
t(SCLK) Shift clock (SCLK) fall time 50 ns
tr(SCLK) Shift clock (SCLK) rise time 50 ns
Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL) Delay from SCLK? to FSR/FSX! 90 ns
td(CH-FH) Delay from SCLK? to FSR/FSXT 90 ns
2 td(CH-DR) DR valid after SCLK? 90 ns
tdw(CH-EL)  Delay from SCLKT to EODX/EQDR! in word mode 90 ns
U tdw(CH-EH) Delay from SCLK' to EODX/EQODRT in word mode 90 ns
?.’. tHEODX) EODX fall time 15 ns
o t(EODR) EODR fall time 15 ns
(/)] tdb(CH-EL) _ Delay from SCLKT to EODX/EODRI in byte mode 100 ns
g tdb(CH-EH) _ Delay from SCLKT to EODX/EODRT! in byte mode 100 ns
2
[ TABLE 2. GAIN CONTROL TABLE
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION)
CONTROL REGISTER BITS A/D CONVERSION
NFI ANALOG INPUTT
INPUT CONFIGURATIONS o a7 RESULT
Differential configuration 1 1 +6V full-scale
Analog input= IN+ — IN— [o] 0
= AUX IN+ - AUX IN - 1 0 +3V full-scale
0 1 +1.5V full-scale
Single-ended configuration 1 1 +3V half-scale
Analog input= IN+ — ANLG GND [¢] (0]
= AUX IN+ — ANLG GND| 1 0 +3V full-scale
o] 1 +1.5V full-scale
Tin this example, Vyef is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input
not exceed 0.1 dB below full scale.
Rtb Rfb
R
IN + —AAA- I = AUX IN + —aAA, + =
TO MUX R TO MUX
IN- —AAM- p T AUX IN - —AAA - -
A AMA-
Rib Rib
Rfp = Rford6 = 1,d7 = 1 Rfp = Rford6 = 1,d7 = 1
dé = 0,d7 =0 dé = 0,d7 =0
Rfp = 2Rford6 = 1,d7 = 0 Rfph = 2R ford6 = 1,d7 = 0
Rfp = 4R for d6 = 0, d7 = 1 Rfp = 4R for d6 = 0, d7 = 1
FIGURE 1. IN+ AND IN- GAIN FIGURE 2. AUX IN+ AND AUX IN-
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY
XAS Ui
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

byte-mode timing

—Hp—‘f(SCLK) ¢ t(SCLK) [—*tc(scLk)
SHIFT CLK 2V 2V ZVI 2V 2V ZVI
08V o8V [l |
'd(CH-FLI- be- —»! - td(CH-FH) —» ktd(CH-FL) td(CH- FHHI k—
I |

2V |
— Vi osvk /5

~ ad

|
|
|
! 1
: |
| | I
—» l+'d(CH-DR) | |
|
|
|
|

12v
DR D15 Y 014 : D1§x po X D8 p7 )\ D6 x Dz \ D1 DO
T

|
|
|

—— e (i

FSR, FS \oav !
|
|

08V 1
tsu(DX)—¥ je— |
| |
DON'T CARE
DX (015 L 014} D13 {07 (06 Y 02 Y 01 { oo o
I T -
t t, . | [+})
—»  le—thipx) —# I tdb(CH-EL) tdb(CH-EHI¥ o b
EODR, EODX ’ Losy ] 7 c-%
f
. O
word-mode timing .a
- te(sCLK) o
1
SHIFT CLK “l “‘ \ ' AW,
| 0BV | ogv 08V | |
| | !
e Lo td(CH-FH)-»] |
_ ! 1 12V
FSX, FSR oavk E X o .f |
i
I |
:—ﬂ fe-td(CH-DR) | |
y | |
DR D15 xm«txma . o1 o2\ o1 oo, |
1 |
tsu(D)()-’( k— ,
0% taw(CH-ELH S —-l F-tdw(CH-EH)

—

’ 2V
EODX, EODR o8 VLF

FIGURE 3. SERIAL PORT TIMING
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC32042I, TLC32042C
ANALOG INTERFACE CIRCUITS

TMS32010 - FSX
. SN74LS299
¢ s1 ay’ DX
DEN G2
CLK TLC32040/
G 5__0 S TLC32041/
AO/PAO A _ D8-D15 G1 TLC32042
YO N \
A1/PA1 B Y AH SR
A2/PA2 c )
SN74LS138 SN74LS5299 SHIFT CLK
2 $1 ay’
G2
o S0 ck <] SN74LS74
G1 c
-4 , \D0-D15 DO-D7
Y DO-D15 \ AH SR < 1D DR
AY \ DY 7 .
wn
=
o
® WE |—o
» CLK OUT ? MSTR CLK
NT - EODX

FIGURE 4. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE CIRCUIT

in instruction timing

CLK OUT
]
S |
DEN | ; I
]
s0, G1 | ! |
T
D0-D15 { )

out instruction timing

CLK OUT I | I l I | I l
WE | ! I

SN74LS138 Y1 1 | |
SN74LS299 CLK l
1
DO-D15 ~ vaun_ )

FIGURE 5. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE TIMING
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TLC32040I, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

AIC TRANSMIT CHANNEL FILTER

Data Sheets

10 T T T 0.3
o Magnitude 0.25
~-10 0.2 ‘é’
- 20 0.15
@ >
-T ~30 Group Delay 0.1 g:
)
- _40 See Note B \ 0.05 2 2
£ Q\ °
% -50 A // \ 0 ©
s V4 e
]
/ r~See Note A &
-70 f — V 0.1
S
_80 See N?te C, 0.15
-90 J l L 0.2
(V] 1 2 3 4 5
. _ SCF clock frequency
Normalized Frequency —kHz x 288 KHz

NOTES: A. Maximum relative delay (O Hz to 600 Hz) = 125 gs.

B. Maximum relative delay (600 Hz to 3000 Hz) = %50 ps.
C. Absolute delay (600 Hz to 3000 Hz) = 700 ps.
D.

Test conditions are Vcc 4. Vo —. and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%,
input = *3-V sinewave, and Tp = 25°C.

FIGURE 6
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

sj9ays eieq m

NOTES: A.

B.
C.
D.

TYPICAL CHARACTERISTICS

TLC32040 and TLC32041
RECEIVE CHANNEL FILTER

10 PYY T
e Note A Magnitude
0
-10
-20
g \
| -30 \
2
32 -40
s Group Del \
<) p Delay
= A AT
I IRV/AVEAV
~
ZSee Note B \ V
-80 |
_90 See Notle 04] \
0 1 2 3 4 5

Normalized Frequency —kHz x 288 kHz

Maximum relative delay (200 Hz to 600 Hz) = 3350 s.
Maximum relative delay (600 Hz to 3000 Hz) = +50 us.
Absolute delay (600 Hz to 3000 Hz) = 1230 us

Test conditions are Vcc 4+, Ve —. and Vpp within recommended operating conditions, SCF clock f

input = +3-V sinewave, and Tp = 25°C.
FIGURE 7

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
0.05

0.1
0.15

SCF clock frequency

Relative Group Delay —ms

288 kHz +2%,
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TLC3204901, TLC32040C, TLC320411, TLC32041C,

TLC320421, TLC32042C

ANALOG INTERFACE CIRCUITS

NOTES: A.

B.
C.
D.

TYPICAL CHARACTERISTICS

TLC32042
RECEIVE CHANNEL FILTER

10 T T
L\ itud
o agnitude
+-See Note A
-10
-20
@
T -30
g \
'g - 40 Group Delay
& _soll 4l LT \
- ! N/ \
-60 See Note B
-70 .
See Note C 4
-80
-90
0 1 2 3 4 5

Normalized Frequency —kHz x

288 kHz

Maximum relative delay (200 Hz to 600 Hz) ~ 3350 gs.
Maximum relative delay (600 Hz to 3000 Hz) = +50 gs.
Absolute delay (600 Hz to 3000 Hz) = 1080 gs.

Test conditions are Vcc 4+, Vec -+ and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%,

0.3
0.25
0.2
0.15
0.1

0.05

0.2

SCF clock frequency

Relative Group Delay —ms

Data Sheets M

input = +3-V sinewave, and Tp = 25°C.
FIGURE 8
{/
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TLC320401, TLC32040C, TLC320411, TLC32041C,
TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS
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TYPICAL CHARACTERISTICS

A/D SIGNAL-TO-DISTORTION RATIO A/D GAIN TRACKING
Vs (GAIN RELATIVE TO GAIN
INPUT SIGNAL AT O dB INPUT SIGNAL)
80 1-kHz input signal with an 0.5 1-kHz input signal
70 8-kHz conversion rate 0.4 [ 8-kHz conversion rate
I
GAIN = 4x N 0.3
60 ~ GAIN = 1X—
o 0.2
o
50 %
/ » 0.1
£
40 4 ] o
o - M —~————t
s
-0.1
30 .g
© _o.2
20
-0.3
10 04
V] -0.5
-50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB Input Signal Relative to Vyef—dB
FIGURE 9 FIGURE 10
D/A CONVERTER SIGNAL-TO-DISTORTION RATIO D/A GAIN TRACKING
Vs Vs
INPUT SIGNAL (GAIN RELATIVE TO GAIN
100 . . AT O dB INPUT SIGNAL)
1-kHz input signal into 600 Q 10
90 1-8-kHz conversion rate "7 | 1-kHz input signal into 600 Q
0.8 (8-kHz conversion rate
80
0.6
70 e
0.4
60 / ?
0.2
50 V4 ‘CE”
S 0
40 E
-0.2
30 £
© _o0.4
20 0.
10 -06
o -0.8
-50 -40 -30 -20 -10 V] 10 1
Input Signal Relative to Vief—dB -50 -40 -30 -20 -10 (o] 10
FIGURE 11 Input Signal Relative to Vyef—dB

FIGURE 12

NOTE: Test conditions are Vo + . VG — . and Vpp within recommended operating conditions set clock f = 288 kHz +2%, and Tp = 25°C.

2-274

POST

Texas {'?

INSTRUMENTS

OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



TLC320401, TLC32040C, TLC320411, TLC32041C,

TLC320421, TLC32042C
ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

ATTENUATION OF SECOND HARMONIC OF A/D INPUT

ATTENUATION OF THIRD HARMONIC OF A/D INPUT

Vs vs
INPUT SIGNAL INPUT SIGNAL
100
100 /\ 1-kHz input signal
® 90 o 90 8-kHz conversion rate —
° o
2 80 AN | 80
§ / € A CAN
E 70 / g 70 ~_/ N
$ A 8
60 I 60 2
2 z b
g 50 £ s0
o -
f : w0 2
c k] .4}
©8 30 s 30 Q
g g =
é 20 g 20 w
< 10 + 1-kHz input signal 10 S
o 8-kHz ‘conversiLon rate 0 o
-50 -40 -30 -20 -10 O 10 -50 -40 -30 -20 -10 O 10 (a)
Input Signal Relative to Vyef—dB Input Signal Relative to Vyef—dB
FIGURE 13 FIGURE 14
ATTENUATION OF SECOND HARMONIC OF D/A INPUT ATTENUATION OF THIRD HARMONIC OF D/A INPUT
vs Vs
INPUT SIGNAL INPUT SIGNAL
100 ™ T v N 100 T " g
1-kHz input signal into 600 Q 1-kHz input signal intc 600 Q
@ 90 |-8-kHz conversion rate @ 90 1 8-kHz conversion rate
-]
5 80 | 80
H L
] €
£ 70 2 70
5 / £
I ]
> 60 I 60
S E
g 50 £ 50
@ <
"g 40 g 40
8 30 § 30
T 3
3 c
§ 20 e 20
= <
< 10 10
o 0 L
-50 -40 -30 -20 -10 4] 10 -50 -40 -30 -20 -10 (4] 10
Input Signal Relative to Vigf—dB Input Signal Relative to Vief—dB
FIGURE 15 FIGURE 16
NOTE: Test conditions are V¢ 4+, VCC -, and Vpp within recommended operating conditions set clock f = 288 kHz +2%, and TA = 25°C.
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TLC320401, TLC32040C, TLC320411, TLC32041C,

TLC320421, TLC32042C

ANALOG INTERFACE CIRCUITS

TMS32020/C25

CLKOUT

TYPICAL APPLICATION INFORMATION

TLC32040/TLC32041/TLC32042

FSX
DX

FSR

DR

44v4d

CLKR

CLKX

R

MSTR CLK

SHIFT CLK

Vee +
REF
ANLG GND

Vee -
Vop

DGTL GND

TL4A31

Vee

2500 Q

FOR: Vgc = 12V, R = 7200 ¢
Vece = 10V, R = 5600 ©
Vee = 5V.R = 1600 Q

C = 0.2 ¢F, CERAMIC
FIGURE 17. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS
AND SCHOTTKY DIODEt

3.0 V OUTPUT
<
S
ﬂ,soo 2 10014

0.1 uF CERAMIC

FIGURE 18. EXTERNAL REFERENCE CIRCUIT FOR TLC32041

TThomson Semiconductors
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

D3098, MARCH 1988~ REVISED DECEMBER 1988

Advanced LinCMOS™ Silicon-Gate Process
Technology

14-Bit Dynamic Range ADC and DAC

16-Bit Dynamic Range Input with
Programmable Gain

Variable ADC and DAC Sampling Rate Up to
19,200 Samples per Second

Switched-Capacitor Antialiasing Input Filter
and Output-Reconstruction Filter

Serial Port for Direct Interface to

N PACKAGE
(TOP VIEW)

NU [:1 Uzg

RESET (2 27
EODR Ea 26
ESr 4 2s[]
DR Es 24[]
msTR ck (s 23]
vpp 7 22[]
rer[s 2100

DGTLGND [(Jo  20[]
SHIFT cLk [(Jio 19[]

NU

NU

IN +

IN

AUX IN +
AUX IN
ouT +
ouT
vVee s
vVece -

N

TMS320C17, TMS32020, TMS320C25, EODX []'1  18[]ANLG GND
and TMS320C30 Digital Processors px iz 17 %ANLG GND @
Synchronous or Asynchronous ADC and WORD/B% E:j 1(; il ZS 8
DAC Conversion Rates with Programmable =
Incremental ADC and DAC Conversion [75]
Timing Adjustments FN PACKAGE ©
(TOP VIEW) -
Serial Port Interface to SN74299 Serial-to- o | ©
Parallel Shift Register for Parallel Interface 'g ‘8 L 555 ; (]
to TMS32010, TMS320C15, or Other Llule 2 2 2 =
Digital Processors (T332 282726
Internal Reference for Normal Operation and DR I5 25[) IN -
External Purposes, or Can Be Overridden by MSTR CLK P16 24 AUXIN +
External Reference vop PB7 284 AUXCIN -
REF [J8 220 ouT +
description DGTL GND %9 21 out -
SHIFT CLK [J10 200 vee +
The TLC32044 is a complete analog-to-digital EODX []11 190 vee -
and digital-to-analog input/output system on a 121314151617 18
single monolithic CMOS chip. This device e
integrates a bandpass switched-capacitor é ’“n;" ‘é 228 %
antialiasing input filter, a 14-bit-resolution A/D o oo
converter, four microprocessor-compatible serial 2 ; ;
port modes, a 14-bit-resolution D/A converter, [} <
and a low-pass switched-capacitor output- s
reconstruction filter. The device offers numerous NU —Nonusable; no external connection should be made to these
combinations of Master Clock input frequencies pins. See Table 2.
and conversion/sampling rates, which can be
changed via digital processor control.
Typical applications for this IC include speech encryption for digital transmission, speech recognition/storage
systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog interface
for digital signal processors (DSPs), industrial process control, biomedical instrumentation, acoustical signal
processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial modes, which
allow direct interface to the TMS320C17, TMS32020, TMS320C25, and TMS320C30 digital signal
Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated.
PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated
current as of publication date. Products conform to v}
specifications per the terms of Texas Instruments 2.277
necessarily include testing of all paramé'ta?s?s ot INSTRUM ENTS
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TLC32044I, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

description (continued)

syaoys eieq BN

processors, are provided. Also, when the transmit and receive sections of the Analog Interface Circuit
(AIC) are operating synchronously, it will interface to two SN74299 serial-to-parallel shift registers. These
serial-to-parallel shift registers can then interface in parallel to the TMS32010, TMS320C15, other digital
signal processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that
data transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible
control scheme is provided so that the functions of the IC can be selected and adjusted coincidentally
with signal processing via software control.

The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional)
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology
and is preceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data
filtering. When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path.
A selectable, auxiliary, differential analog input is provided for applications where more than one analog
input is required.

The A/D and D/A architectures ensure no missing codes and monotonic operation. An internal voltage
reference is provided to ease the design task and to provide complete control over the performance of
the IC. The internal voltage reference is brought out to a pin and is available to the designer. Separate
analog and digital voitage supplies and grounds are provided to minimize noise and ensure a wide dynamic
range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum.
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter)
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology.
This filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The
on-board (sin x)/x correction filter can be switched out of the signal path using digital signal processor
control, if desired.

The TLC32044l is characterized for operation from —40°C to 85°C, and the TLC32044C is characterized
for operation from 0°C to 70°C.
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

functional block diagram
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Data Sheets

PRINCIPLES OF OPERATION

analog input

Two sets of analog inputs are provided. Normally, the IN + and IN — input set is used; however, the auxiliary
input set, AUX IN + and AUX IN —, can be used if a second input is required. Each input set can be operated
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided.
The gain for the IN+, IN—, AUX IN+, and AUX IN - inputs can be programmed to be either 1, 2, or 4
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide
dynamic range is assured by the differential internal analog architecture and by the separate analog and

digital voltage supplies and grounds.

A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this
filter is presented in the following pages. This response results when the switched-capacitor filter clock
frequency is 288 kHz and the A/D sample rate is 8 kHz. Several possible options can be used to attain
a 288-kHz switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple
bandwidth and 3-dB low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively.
However, the high-pass section low-frequency roll-off is frequency-scaled by the ratio of the A/D sample

rate to 8 kHz.

The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock

for several Master Clock input frequencies.

XAS ‘Q’P
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A/D

N

PRINCIPLES OF OPERATION (continued)

The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.

converter performance specifications

Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold.

analog output

The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads
directly in either a differential or single-ended configuration.

low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The frequency response of this filter is presented in the following pages. This response results when the
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided
on the output of the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs
at multiples of the 288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates
any switched-capacitor clock feedthrough.

The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously
locked.

asynchronous versus synchronous operation

If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC)
are operated asynchronously, the low-pass and bandpass filter clocks are independently generated from
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description
Section.)

converter performance specifications

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

system frequency response correction

(Sin x)/x correction for the D/A converter’s zero-order sample-and-hold output can be provided by an on-
board second-order (sin x)/x correction filter. This (sin x)/x correction filter can be inserted into or deleted
from the signal path by digital signal processor control. When inserted, the (sin x)/x correction filter follows
the switched-capacitor low-pass filter. When the TB register (see Internal Timing Configuration section)
equals 36, the correction results of Figures 11 and 12 will be obtained.

O
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

PRINCIPLES OF OPERATION (continued)

(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and
performing the (sin x)/x correction in digital signal processor software. The system frequency response
can be corrected via DSP software to + 0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates.
This correction is accomplished with a first-order digital correction filter, which requires only seven T%Q‘SBZO
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x Correction Section
for more details).

serial port

N

The serial port has four possible modes that are described in detail in the Functional Pin Description Section.
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE.

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS320C17.

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS32020, TMS320C25, and the TMS320C30.

3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS320C17.

Data Sheets

4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift registers,
which can then interface in parallel to the TMS32010, TMS320C15, to any other digital signal
processor, or to external FIFO circuitry.

operation of TLC32044 with internal voltage reference

The internal reference of the TLC32044 eliminates the need for an external volitage reference and provides
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete
control over the performance of the IC. The internal reference is brought out to a pin and is available to
the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor
may be connected between REF and ANLG GND.

operation of TLC32044 with external voltage reference

The REF pin may be driven from an external reference circuit if so desired. This external circuit must be
capable of supplying 250 xA and must be adequately protected from noise such as crosstalk from the
analog input.

reset

A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast,
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX
Data Word Format section).

%3
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TLC32044l1, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

loopback

PRINCIPLES OF OPERATION (continued)

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally
connected to the IN+ and IN — pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some
difference in these bits due to the ADC and DAC output offsets.

The loopback feature is implemented with digital signal processor control by transmitting the appropriate
serial port bit to the control register (see AIC Data Word Format section).

PIN
NAME

NO.

1o

DESCRIPTION

ANLG GND

17,18

Analog ground return for all internal analog circuits. Not internally connected to DGTL GND.

AUX IN +

24

Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter
path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace
the IN+ and IN — inputs. If the bitis a O, the IN+ and IN - inputs will be used (see the AIC DX Data Word
Format section).

AUX IN -

23

Inverting auxiliary analog input (see the above AUX IN + pin description).

DGTL GND

Digital ground for all internal logic circuits. Not internally connected to ANLG GND.

DR

This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal.

This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal.

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial-
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the
second byte has been transmitted. The TMS320C17 can use this low-going signal to differentiate between
the two bytes as to which is first and which is second.
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NO.

110

DESCRIPTION

1

o]

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate
parallel data-bus communications between the AIC and the serial-to-paralle!l shift registers. During the byte-
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to
the AIC and is kept low until the second byte has been transmitted. The TMS320C17 can use this low-going
signal to differentiate between the two bytes as to which is first and which is second.

!
e

In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.)

il
x|

When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description,
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration
Diagrams).

IN +

26

Noninverting input to analog input amplifier stage

IN -

25

Inverting input to analog input amplifier stage

MSTR CLK

The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration).

OuUT +

22

Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads
directly in either a differential or a single-ended configuration.

ouT -

Inverting output of analog output power amplifier. Functionally identical with and complementary to QUT +.

REF

1/0

The internal voltage reference is brought out on this pin. An external voltage reference can also be applied
to this pin.

A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all
AIC registers including the control register. After a negative-going pulse on the RESET
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock
input signal. The conversion rate adjust registers, TA” and RA’, will be reset to 1. The CONTROL register bits
will be reset as follows (see AIC DX Data Word Format section).

d9 =1,d7 =1,d6 =1,d5 =1,d4 =0,d3 =0,d2 =1

This initialization allows normal serial-port communication to occur between AIC and DSP.

SHIFT CLK

The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description
below (see the Serial Port Timing and Internal Timing Configuration diagram).

Vbp

Digital supply voltage, 5V +5%

Vee+

20

Positive analog supply voltage, 5 V +5%

Vee -

19

Negative analog supply voltage —5 V +5%

EXAS "
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PIN

! DESCRIPTION
NAME NO. o

WORD/BYTE 13

This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial

modes. These four serial modes are described below.

AIC transmit and receive sections are operated asynchronously.

The following description applies when the AIC is configured to have asynchronous transmit and receive sections.

If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and

receive sections will be asynchronous.

L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams).

. The FSX or FSR pin is brought low.

. One 8-bit byte is transmitted or one 8-bit byte is received.

. The EODX or EODR pin is brought low.

. The FSX or FSR pin emits a positive frame-sync pulse that is

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted or one 8-bit byte is received.

6. The EODX or EODR pin is brought high.

7. The FSX or FSR pin is brought high.

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30,
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX or FSR pin is brought low.

2. One 16-bit word is transmitted or one 16-bit word is received.
3. The FSX or FSR pin is brought high.
4. The EODX or EODR pin emits a low-going pulse.
AJC transmit and receive sections are operated synchronously.
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured

sjaays eieqg M

to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical
during primary data communication; however, FSR will not be asserted during secondary data communication
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial
Port Timing diagrams).

L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two

8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams):

1. The FSX and FSR pins are brought low.

2. One 8-bit byte is transmitted and one 8-bit byte is received.

3. The EODX and EODR pins are brought low.

4. The FSX and FSR pins emit positive frame-sync pulses that are

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted and one 8-bit byte is received.

6. The EODX and EODR pins are brought high.

7. The FSX and FSR pins are brought high.

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30,
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX and FSR pins are brought low.

2. One 16-bit word is transmitted and one 16-bit word is received.

3. The FSX and FSR pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data
bus communications between the AIC and the digital signal processor. The operation sequence is the same
as the above sequence (see Serial Port Timing diagrams).
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INTERNAL TIMING CONFIGURATION

MASTER CLOCKf~ — — — — — — — — — — — 7 SHIFT CLOCK
5.184 MHz (1) DIVIDE BY 4 } » 1.296 MHz (1)

N

Data Sheets

ToesMHz 2y T ——d 2.592 MHz (2)
20.736 MHz (1) ———— — — — — — — — — — —— — —— — — — —
X 41.472 MHz (2) 5320 r TA REGISTER —}
TAL ™
osc > bsp (T;‘BT;E;'STE“ (6 BITS) LowpASs/ |
| (2's COMPL) (SIN X)/X
| correcTion |
* & SWITCHED l
OPTIONAL EXTERNAL CIRCUITRY | ADDER/ DIVIDE BY 2 CAP FILTER
PP ORI MODENS ) SUBTRACTOR cLk - 288 kHz |
1 153.6 kHz -: (6 BITS) SQUARE WAVE l
CLOCK (1
1Y | ovioe V[~ commeRCIAL | TB REGISTER |
| |8Y13s ™ exvernaL || | (6 BITS)
| FRONT-END | I I
FULL-DUPLEX
I seuT-Banp || dp.d1=0,0 do.d1=0.1 + ]
FILTERS T | | do.d1=1.1*% dg.d1=1,0%
L o] I TX COUNTER B |
-——— - - —— - — —— TB=40; 7.
TX COUNTER A 40 7.2 ke D/A |
l TA = 9 ()] TB=36; 8.0 kHz » CONVERSION
Ta - 182 TB=30; 9.6 kHz FREQUENCY I
l (6 BITS 576-kHz TB=20; 14.4 kHz
) PULSES TB=15; 19.2 kHz |
GISTE RA’ REGISTER l
I RA REBWSS R (6 BITS) |
(5 BITS) (2's COMPL)
I + LOW-PASS |
| SWITCHED l
ADDER/ DIVIDE BY 2 CAP FILTER
I SUBTRACTOR CLK = 288 kHz I
(6 BITS) SQUARE WAVE
' RB REGISTER I
| (6 BITS) |
' dp.d1=0.0 dg.d1=0.1 } l
dg.d1=1.1% dg.d1=1.0% A/D
I i CONVERSION |
RX COUNTER A RB-36. 8.0 kHZ FREQUENCY/
| (RA = 9(1)] R T o — HIGH-PASS |
RB=30; 9.6 kHz
[RA = 18 (2)] e SWITCHED
| (6 BITS) 576-kHz RB=20; 14.4 khz capFILTER |
PULSES RB=15; 19.2 kHz
L CLK
NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high-
speed digital signal processors.
TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320.
#These control bits are described in the AIC DX Data Word Format section.
i
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

explanation of internal timing configuration

sjaayg eieq m

All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is
derived by dividing the Master Clock input signal frequency by four.

Low-pass:
SCF Clock Frequency _ Master Clock Frequency
(D/A or A/D Path) - 2 x Contents of Counter A

SCF Clock Frequency (D/A or A/D Path)
Contents of Counter B

]

Conversion Frequency

High-pass:

SCF Clock Frequency _ .
(A/D Path) = A/D Conversion Frequency

Master Clock Frequency

Shift Clock Frequency 7

1]

TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function
frequencies are frequency-scaled by the ratios of the clock frequency to 288 kHz. Thus, to obtain the
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter
A values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal can then be
divided by the TX Counter B to establish the D/A conversion timing.

The transfer function of the bandpass switched-capacitor filter in the A/D path is a composite of its high-
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise,
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section’s SCF clock to
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function
specification when the A/D conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high-
pass section will be frequency-scaled by the ratio of the A/D conversion rate to 8 kHz.

TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register.
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier
by an amount of time that equals TA' times the signal period of the Master Clock. By selecting the TA
Register plus the TA' Register option, the upcoming conversion timing will occur later by an amount of
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case,
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register
less the RA’ Register, or the RA Register plus the RA’ Register.

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem
frequencies.
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TLC32044I, TLC32044C

VOICE-BAND ANALOG INTERFACE CIRCUITS

If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description),
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also,
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA
Register, RA’ Register, and RB Registers are not used.

AIC DR or DX word bit pattern

A/D or D/A MSB,

1st bit sent 1st bit sent of 2nd byte

A/D or D/A LSB

[ o1s][p1a[ p13[ p12] p11] p1o] po] b8 | b7 ] b6 | D5 |

pa[p3]p2] b1 ] oo

AIC DX data word format section

N

d15[d14]d13][d12[d11[d10]d9 a8 d7[d6 [d5 [da [d3]d2] d1] a0

COMMENTS

primary DX serial communication protocol

« d15 (MSB) through d2 go to the D/A
converter register

-J]oo

The TX and RX Counter A’s are loaded with the TA and RA
register values. The TX and RX Counter B’s are loaded with TB
and RB register values.

« d15 (MSB) through d2 go to the D/A
converter register

-]o1

The TX and RX Counter A's are loaded with the TA+TA’ and
RA +RA’register values. The TX and RX Counter B’s are loaded
with the TB and RB register values. NOTE: d1=0, dO=1 will
cause the next D/A and A/D conversion periods to be changed
by the addition of TA’ and RA’ Master Clock cycles, in which
TA’and RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to improper Conditions.

Data Sheets

<« d15 (MSB) through d2 go to the D/A
converter register

The TX and RX Counter A’s are loaded with the TA-TA’ and
RA —RA'register values. The TX and RX Counter B’s are loaded
with the TB and RB register values. NOTE: d1=1, dO=0 will
cause the next D/A and A/D conversion periods to be changed
by the subtraction of TA’ and RA‘ Master Clock cycles, in which
TA"and RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.

<« d15 (MSB) through d2 go to the D/A
converter register

The TX and RX Counter A’s are loaded with the TA and RA
register converter register values. The TX and RX Counter B’s
are loaded with the TB and RB register values. After a delay of
four Shift Clock cycles, a secondary transmission will
immediately follow to program the AIC to operate in the desired
configuration.

NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC
will initiate Secondary Communications upon completion of the Primary Communications.

Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner,
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary

Communications.

Texas
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secondary DX serial communication protocol

x x| < to TA register > | x x| < to RA register > | O O | d13 and d6 are MSBs (unsigned binary)
x | < to TA' register — | x | < to RA’ register -~ | 0 1| d14 and d7 are 2’s complement sign bits
x | < to TBregister —| x | < to RB register — | 1 0| d14 and d7 are MSBs (unsigned binary)
X x X x x x d9 x d7d6d5 d4d3d2 11
| CONTROL d2 = 01 d.eletes/inserts the A/D high-pass fil'ter
REGISTER d3 = 0/1 disables/enables the loopback function
d4 = 0/1 disables/enables the AUX IN+ and AUX IN - pins
d5 = 0/1 asynchronous/synchronous transmit and receive
sections
d6 = 0/1 gain control bits (see Gain Control Section)
d7 = 0/1 gain control bits {see Gain Control Section}
d9 = 0/1 delete/insert on-board second-order (sin x)/x
correction filter

reset function

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A
conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register,
will be initialized as follows (see AIC DX Data Word Format section):

sja0ys eileqg m

INITIALIZED
REGISTER
REGISTER VALUE (HEX)
TA 9
TA’ 1
TB 24
RA 9
RA’ 1
RB 24

The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section):
d9 =1,d7 =1,d6 =1,d5 =1,d4 =0,d3 =0,d2 =1

This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit
and receive sections are configured to operate synchronously and the user wishes to program different
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format
sections).

The circuit shown below will provide a reset on power-up when power is applied in the sequence given
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND.

TLC32044
Vee + +5V
S 200 ko
RESET

=< 0.5 uF
r—J\——-SV
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power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Vg — to ANLG
GND and from Vcc — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied
in the following sequence: ANLG GND and DGTL GND, Vcc —, then Ve + and Vpp. Also, no input signal

should be applied until after power-up.

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response
of the AIC to these conditions are presented in Table 1 below.

AIC register constraints

The following constraints are placed on the contents of the AIC registers:

. TA register must be > 1.

. RA register must be > 1.

NOahWN =

(RA register + RA’ register) must be > 1.

. TB register must be > 1.

. TA’ register can be either positive, negative, or zero.

RA’ register can be either positive, negative, or zero.
. (TA register £ TA’ register) must be > 1.

TABLE 1.

AIC RESPONSES TO IMPROPER CONDITIONS

IMPROPER CONDITION

AIC RESPONSE

TA register + TA’ register = O or
TA register — TA’ register = O or

Reprogram TX Counter A with TA register value

TA register + TA’ register < O

MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A |
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A

RA register + RA’ register = O or
RA register — RA’ register = O or

-

Reprogram RX Counter A with RA register value

RA register + RA’ register = O or

MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A,
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A

TA register = O or 1
RA register = O or 1

AIC is shut down

TB register = O or 1

Reprogram TB register with 24 HEX

RB register = O or 1

Reprogram RB register with 24 HEX

AIC and DSP cannot communicate

Hold last DAC output

improper operation due to conversion times being too close together

If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B
registers are improperly programmed or if the A + A’register or A — A’register result is too small. When
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very

careful not to violate this requirement (see diagram below).

19
FRAME

SYNC

FSX

OR

FSR
t2 — t1 = 1/19.2 kHz

|
|€—~ ONGOING CONVERSION —

.
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asynchronous operation — more than one receive frame sync occurring between two transmit frame
syncs

N

O
©
~*
o
[72)
=2
o©
®
~
(7

FSX

When incrementally adjusting the conversion period via the A + A’or A — A’register options, a specific
protocol is followed. The command to use the incremental conversion period adjust option is sent to the
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B.
The adjustment command only adjusts one transmit conversion period and one receive conversion period.
To adjust another pair of transmit and receive conversion periods, another command must be issued during
a subsequent FSX frame (see figure below).

t9

|{¢————————— TRANSMIT CONVERSION PERIOD -—————P)|
2

| 1
|[€—RECEIVE CONV. —pi¢— RECEIVE CONV.—9{
PERIOD A PERIOD B

asynchronous operation — more than one transmit frame sync occurring between two receive frame
syncs

When incrementally adjusting the conversion period via the A + A’or A — A’register options, a specific
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period
adjustment is performed near the end of the conversion period. The command to use the incremental
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment
in the diagram as shown in the figure below. |f the adjustment command is issued during Transmit
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted.
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B,
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B
adjustment command.

1

-] iy

FSR

| |
[-TRANSMIT CONV. -pi¢— TRANSMIT CONV.—»j¢ TRANSMIT CONV. ¥
PERIOD A PERIOD B PERIOD C

2

] [

: |
|¢————RECEIVE CONVERSION PERIOD A ——————j¢—————RECEIVE CONVERSION PERIOD B——————)|
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asynchronous operation — more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX Data Word Format section)

The TA, TA’, TB, and control register information that is transmitted in the secondary communications
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is
received during this receive conversion period will be disregarded (see diagram below).

t

PRIMARY  SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 2
FSX 4]
e
. [}
| TRANSMIT | TRANSMIT | TRANSMIT | o
J¢&—————— CONVERSION—————p}¢——————— CONVERSION——————pj¢———————— CONVERSION —————»{ <
PERIOD A PERIOD B PERIOD C 7]
(1]
t2 -
—
FSR

RECEIVE CONVERSION

| |
—_— PERIOD B————————————»]
PERIOD A D RECEIVE CONVERSION PERIOD B
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test modest

The following paragraph provides information that allows the TLC32044 to be operated in special test
modes. These test modes are used by Texas Instruments to facilitate testing of the device during
manufacturing. They are not intended to be used in real applications, however, they allow the filters in
the A/D and D/A paths to be used without using the A/D and D/A converters.

In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory
to speed up testing of the TLC32044 Analog Interface Circuit (AIC). When the device is used in normal
(non-test-mode) operation, the NU pin {pin 1) has an internal pull-down to —5 V. Externally connecting
O Vor 5V to pin 1 puts the device in test-mode operation. Selecting one of the possible test modes is

accomplished by placing a particular voltage on certain pins. A description of these modes is provided
in Table 2 and Figures 1 and 2.

TABLE 2. LIST OF TEST MODES

sjeays eieq m

TEST D/A PATH TEST (PIN 1 to 5 V) A/D PATH TEST (PIN 1 to 0)
PINS TEST FUNCTION TEST FUNCTION
5 The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought
out to pin 5. This clock signal is normally internal. out to pin 5. This clock signal is normally internal.
11 No change from normal operation. The EODX signal is The pulse that initiates the A/D conversion is brought
brought out to pin 11. out here. This signal is normally internal.
3 The pulse that initiates the D/A conversion is brought No change from normal operation. The EODR signal is
out here. brought out.
27 and 28 | There are no test output signals provided on these pins. The outputs of the A/D path low-pass or bandpass filter
(depending upon control bit d2 — see AIC DX Data
Word Format section) are brought out to these pins. If
the high-pass section is inserted, the output will have a
(sinx)/x droop. The slope of the droop will be determined
by the ADC sampling frequency, which is the high-pass
section clock frequency (see diagram of bandpass or
low-pass filter test for receive section). These outputs
will drive small (30-pF) loads.
D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) to ~5 V
TEST FUNCTION
15 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed.
If the (sin x)/x correction filter is inserted, the OUT + and OUT - signals will have a flat response (see Figure 2). The
common-mode range of these inputs must not exceed +0.5 V.

T In the test mode, the AIC responds to the setting of Pin 13 to —5 V, as if Pin 13 were set to O V. Thus, the byte mode is selected
for communicating between DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass
filter test. In this situation, Pin 13 must be connected to —5 V, which initiates byte-mode communications.
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PIN 27 (POSITIVE),
PIN 28 (NEGATIVE)!

TEST CONTROL

TEST ~ (PIN 1 AT O V)

FILTER

—»
<

»

v
xcz2
\ 4
Data Sheets H

A/ID

»
»

FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION

FILTER

(Sin x)/x -
CORRECTION -

D/A —4—

xc2

v

TEST CONTROL
(PIN 13 at -5 V)

PIN 16 (POSITIVE),
PIN 15 (NEGATIVE)!

FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION

TAll analog signal paths have differential architecture and hence have positive and negative components.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, VCcC+ (see Note 1) ... ... . . .. -0.3Vto15V
Supply voltage, VDD - -« o o oo -0.3Vto15V
Output voltage, VO . ... ... -0.3Vto15V
Input voltage, V| . ... . -0.3Vto15V
Digital ground voltage . ... ... ... ... .. -0.3Vto15V
Operating free-air temperature range: TLC320441 .. ... . ... ... ... .. ....... —-40°C to 85°C
TLC32044C .. ... . . . 0°C to 70°C

Storage temperature range . . . . . ... ..ot vttt —40°C to 125°C
Case temperature for 10 seconds: FN package. .. ......... ... ... .. .. .. .. ... .. ... 260°C

2 Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C

NOTE 1: Voltage values for maximum ratings are with respect to VCC —.

E recommended operating conditions

E; PARAMETER MIN NOM MAX | UNIT
Supply voltage, Vcc + (see Note 2) 4.75 5 5.25 \%

g—’ Supply voltage, Vcc - (see Note 2) -4.75 -5 -5.25 \

(4] Digital supply voltage, Vpp (see Note 2) 4.75 5 5.25 \

2 Digital ground voltage with respect to ANLG GND, DGTL GND [¢] \

(72} Reference input voltage, Vief(ext) (see Note 2) 2 4 \
High-level input voltage, V|4 2 Vpp+0.3 \
Low-level input voltage, V)_ (see Note 3) -0.3 0.8 \
Load resistance at OUT + and/or OUT —, R 300 Q
Load capacitance at OUT + and/or OUT —, C_ 100 pF
MSTR CLK frequency (see Note 4) 0.075 5 10.368 MHz
Analog input amplifier common mode input voltage (see Note 5) +1.5 \
A/D or D/A conversion rate 19.2 kHz
Conversion rate 20 kHz

. . TLC32044! -40 85
Operating free-air temperature, T TLC32044C 0 70 °C
NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc 4+, and Ve -, are with respect to the ANLG GND terminal. Voltages at
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal.

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet
for logic voltage levels and temperature only.

4. The bandpass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and
the high-pass section SCF clock is 8 kHz. If the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency
will shift by the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF clock is shifted from 8 kHz, the high-pass
roll-off frequency will shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter
(SCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off
frequency will shift by the ratio of the SCF clock to 288 kHz.

5. This range applies when {IN+ — IN—) or (AUX IN+ - AUX IN~) equals +6 V.
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electrical characteristics over recommended operating free-air temperature range, VCC+ = 5 V,

Vece- = -5V, Vpp = 5V (unless otherwise noted)
total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
VoH High-level output voltage Vpp = 4.75V, Igy = -300 uA 2.4 \
VoL Low-level output voltage Vpp = 475V, lgL = 2mA 0.4 \2
Icc + Supply current from Vo 4+ TLC320441 40 mA
TLC32044C 35
TLC320441 -40
Icc - Supply current from Vcc — TLC32044C 35 mA
Ipp  Supply current from Vpp fMSTR CLK = 5.184 MHz 7 mA
Vief Internal reference output voltage 3 3.3 \
avret Temperature coefficient of 250 ppm/°C
internal reference voltage
o Output resistance at REF 100 kQ

receive amplifier input

PARAMETER TEST CONDITIONS

MIN TYPT MAX | UNIT

A/D converter offset error (filters in)

10 70 mV

Common-mode rejection ratio at IN+, IN—,

MRR
¢ or AUX IN+, AUX IN— See Note 6

55 dB

Input resistance at IN+, IN—
or AUX IN+, AUX IN -, REF

100 kQ

transmit filter output

PARAMETER TEST CONDITIONS

MIN TYP! MAX | UNIT

Output offset voltage at OUT + or OUT —

Data Sheets N

Voo . . 15 80 mV
(single-ended relative to ANLG GND)
Maximum peak output voltage swing across R = 300 Q,
Vom : +3 v
R at OUT + or OUT — (single-ended) Offset voltage = O
Vom Maximum peak outpu} volta?e swing between RL = 600 0 +6 v
OUT + and OUT - (differential output)
TAll typical values are at Tp = 25°C.
NOTE 6: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate.
.JI
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electrical characteristics over recommended operating free-air temperature range, VCC + 5V,
Vcec- = —5V, Vpp = 5V (unless otherwise noted)
system distortion specifications, SCF clock frequency = 288 kHz
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Attenuation of second harmonic of | single-ended| V;3 = —0.1 dB to - 24 dB referred to Vief, 70 o8
A/D input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vi3 = —0.1 dB to —24 dB referred to Vief, 65 o8
harmonics of A/D input signal differential See Note 7 57 65
Attenuation of second harmonic of | single-ended| Vi, = —0 dB to —24 dB referred to Vief, 70 a8
D/A input signal differential See Note 7 62 70
Attenuation of third and higher single-ended| Vi, = —0 dB to —24 dB referred to Vi ef, 65 o8
harmonics of D/A input signal differential See Note 7 57 65
8 A/D channel signal-to-distortion ratio
g‘ PARAMETER TEST CONDITIONS Ay = 1% Ay = 2% Ay = 4} NIt
7 (see Note 7) MIN MAX | MIN MAX | MIN MAX
= Vin = -6 dBto 0.1 dB 58 >588 >588
14 Vin = —12dBto -6 dB 58 58 >588
2 Vin = —18dBto —12dB 56 58 58
» Vin = —24dBto —18dB | 50 56 58
A/D channel signal-to-distortion ratio Vin = —-30dBto -24 dB 44 50 56 dB
Vin = —36 dBto -30dB 38 44 50
Vin = —42 dBto —36 dB 32 38 44
Vin = —48 dBto —42 dB 26 32 38
Vin = -54 dBto -48 dB 20 26 32
] typical values are at Tp = 25°C.
t Ay is the programmable gain of the input amplifier.
8 A value >60 is over range and signal clipping occurs.
D/A channel signal-to-distortion ratio
PARAMETER TEST CONDITIONS MIN  MAX UNIT
(see Note 7)
Vih = -6 dBto —0.1 dB 58
Vin = -12dBto -6 dB 58
Vih = —18dBto —12dB 56
Vip = —24 dB to — 18 dB 50
D/A channel signal-to-distortion ratio Vin = ~30dB to ~24 dB 44 dB
Vin = —36 dB to ~30dB 38
Vin = —42 dBto —-36 dB 32
Vin = —48 dBto —42 dB 26
Vin = -54 dB -48 dB 20
NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to Vygf). The load impedance for the DAC
is 600 Q.
Texas W
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

electrical characteristics over recommended operating free-air temperature range, VCc+ = 5V,
Vcec- = =5V, Vpp = 5V (unless otherwise noted) (Continued)

gain and dynamic range

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
Absolute t it gain tracki hile t mitti ~48 dB to O dB signal range,
! solute transmit gain tracking error whnile transmitting (o] signal range, +0.05 +0.15 4B
into 600 Q See Note 8
. . . —48 dB to O dB signal range,
Absolute receive gain tracking error +0.05 +0.15 dB
See Note 8

power supply rejection and crosstalk attenuation

N

Data Sheets

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
- Idle channel, supply signal
Y or Vo — supply voltage f = 0 to 30 kHz 30
(;C: ::C ce'p: Zha ne? at 200 mV p-p measured dB
rejection ratio, receiv n =
1 f = 30 kHz to 50 kHz at DR (ADC output) 45
Vee + or Ve — supply voltage f = 0to 30 kHz Idle channel, supply signal 30
rejection ratio, transmit channel at 200 mV p-p measured dB
(single-ended) f = 30 kHz to 50 kHz at OUT + 45
Crosstalk attenuation, transmit-to-receive (single-ended) 80 dB
TAll typical values are at Tp = 25°C.
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and O dB (0 dB relative to V ef).
i
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

delay distortion

bandpass filter transfer function, SCF fclock = 288 kHz, input (IN+ — IN-) is a +3-V sinewave®
(see Note 9)

FREQUENCY
PARAMETER |[TEST CONDITION RANGE ADJUSTMENT ADDEND# MIN TYPS MAX | UNIT
f < 50 Hz K1 x 0 dB -33 -29 -25
f = 100 Hz K1 x - 0.26 dB -4 -2 -1
f = 150 Hz to 3100 Hz K1 x 0dB -0.25 0 0.25
. f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 0 0.3
. . Input signal
Filter gain X f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 (9] 0.5 dB
reference is O dB
f = 3800 Hz K1 x 2.3 dB -5 -3 -1
f = 4000 Hz K1 x 2.7 dB -20 -17 -16
f = 4400 Hz K1 x 3.2 dB -40
f = 5000 Hz K1 x 0dB -65

low-pass filter transfer function, SCF fclock = 288 kHz (see Note 9)

sjo8ys eieq M

PARAMETER [TEST CONDITION FRi(:\:Z?;CY ADJUSTMENT ADDEND?# MIN TYPS MAX | UNIT
f = 0 Hz to 3100 Hz K1 x 0 dB -0.25 0 0.25
f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 0 0.3
. f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 0 0.5
. . Input signal
Filter gain reference is O dB f = 3800 Hz K1 x 2.3 dB -5 -3 -1 dB
f = 4000 Hz K1 x 2.7 dB -20 -17 -16
f = 4400 Hz K1 x 3.2 dB - 40
f = 5000 Hz K1 x 0dB - 65
serial port
PARAMETER TEST CONDITIONS MIN TYPS MAX | UNIT
Vo  High-level output voltage loH = —300 uA 2.4 \
VoL Low-level output voltage loL = 2mA 0.4 Vv
I Input current +10 pA
Ci Input capacitance 15 pF
Co Qutput capacitance 15 pF

1 See filter curves in typical characteristics.

¥ The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from
inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.26%, the
ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where K1 = 100 « [(SCF frequency - 288 kHz)/
288 kHz]. For errors greater than 0.25%, see Note 10.

§ All typical values are at Ta = 25°C.

NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband
is measured with respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz
for the bandpass and low-pass filters respectively.

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-
capacitor filter clock frequency to 288 kHz.
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5V,
Vee- = -5V, Vpp =5V

noise (measurement includes low-pass and bandpass switched-capacitor filters)

PARAMETER TEST CONDITIONS TYPT  MAX | uNIT
with (sin x)/x 550 | uV rms
Transmit noise X . DX input = 00000000000000, constant input code 325 425 | uV rms
without (sin x)/x
18 dBrncO
Receive noise (see Note 11) Inputs grounded, gain = 1 300 500 | w rms
18 dBrncO
timing requirements 2
serial port recommended input signals
PARAMETER MiIN MAX | UNIT '3
te(MCLK) Master clock cycle time 95 ns <1}
tr(MCLK) Master clock rise time 10 ns L
tf(MCLK) Master clock fall time 10 ns 72
Master clock duty cycle 25% 75% [1+]
RESET pulse duration (see Note 12) 800 ns s
tsu(DX) DX setup time before SCLKL 20 ns (a)
th(DX) DX hold time after SCLK{ tc(SCLK)/4 ns

TAll typical values are at Tp = 25°C.
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter.
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached
their recommended values.
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TLC320441, TLC32044C

VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, Vcc+ = 5V,
Vece- = -5V, Vpp = 5 V (continued)
serial port — AIC output signals
PARAMETER MIN MAX UNIT
tc(SCLK) Shift clock (SCLK) cycle time 380 ns
H(SCLK) Shift clock (SCLK) fall time 50 ns
tr(SCLK) Shift clock (SCLK) rise time 50 ns
Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL) Delay from SCLKT to FSR/FSX 920 ns
td(CH-FH) _ Delay from SCLK? to FSRIFSXt 90 ns
td(CH-DR) DR valid after SCLK1 90 ns
tdw(CH-EL) _ Delay from SCLKt to EODX/EODR! in word mode 90 ns
tdw(CH-EH) Delay from SCLK1 to EODX/EODR? in word mode 90 ns
tHEODX) EODX fall time 15 ns
t{(EQDR) EODR fall time 15 ns
tdb(CH-EL) _ Delay from SCLKt to EODX/EODR! in byte mode 100 ns
tdb(CH-EH) _ Delay from SCLKT to EODX/EODRT? in byte mode 100 ns
TABLE 2. GAIN CONTROL TABLE
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION)
CONTROL REGISTER BITS A/D CONVERSION
INPUT CONFIGURATIONS 96 a7 ANALOG INPUT? RESULT
Differential configuration 1 1 6V full-scale
Analog input= IN+ — IN- o] o]
= AUX IN+ — AUX IN-— 1 (9] +3V full-scale
0 1 +1.5V full-scale
Single-ended configuration 1 1 +3V half-scale
Analog input = IN+ — ANLG GND [¢] o]
= AUX IN+ - ANLG GND 1 0 +3V full-scale
(0] 1 +1.5V full-scale
tin this example, Vyef is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input
not exceed 0.1 dB below full scale.
Rfp Rfb
R R
IN+ —AAA h = AUX IN + —AAA- h -
TO MUX R TO MUX
IN — —AM\- p AUX IN ~ —AAA- -
+ +
M A
Rfb Rtb
Rip = Rford6é = 1,d7 = 1 Rip = Rford6 = 1,d7 = 1
dé = 0,d7 =0 d6 = 0,d7 =0

Rfp = 2R ford6 = 1,d7 = 0O
Rfy = 4R ford6 = 0, d7 = 1

FIGURE 3. IN+ AND IN- GAIN
CONTROL CIRCUITRY

Rip = 2R ford6 = 1,d7 = 0
Rip = 4R ford6 = 0, d7 = 1 .

FIGURE 4. AUX IN+ AND AUX IN -~
GAIN CONTROL CIRCUITRY
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TLC32044), TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

(sin x)/x correction section

If the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can
be accomplished in digital signal processor (DSP) software. (Sin x)/x correction can be accomplished easily
and efficiently in digital signal processor (DSP) software. Excellent correction accuracy can be achieved
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest.
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper
edge of the 300—3000-Hz band.

(\)

(sin x)/x roll-off for a zero-order hold function

The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for

Data Sheets

the various sampling rates is shown in the table below.
TABLE 3. (sin x)/x ROLL-OFF
20 log sin 7 fifg
f5 (Ha) w fifg
(f = 3000 Hz)
(dB)
7200 -2.64
8000 -2.11
9600 -1.44
14400 -0.63
) 19200 -0.35

Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures, because the AIC has
less than a 100% duty cycle hold interval.

correction filter

To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is
recommended.

Ui+ 1)

—P>Vi+1)

(1-p1)P2

pl
The difference equation for this correction filter is:
Vi+1 = p2(1-p1) (uj+1)+p1y;j
where the constant p1 determines the pole locations.

The resulting squared magnitude transfer function is:

p22 (1-p1)2

H(f)12 =
IRl 1 — 2p1 cos(2 = f/fg) + p12

i
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TLC32044l, TLC32044C

VOICE-BAND ANALOG INTERFACE CIRCUITS

correction results

Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and

9600-Hz sampling rates.

TABLE 4
ERROR (dB) ERROR (dB)
¢ o) fs = 8000 Hz fs = 9600 Hz
pl = -0.14813 | p1 = -0.1307
p2 = 0.9888 p2 = 0.9951
300 ~0.099 Z0.043
2 600 ~0.089 -0.043
900 ~0.054 0
1200 -0.002 0
o 1500 0.041 0
2 1800 0.079 0.043
o 2100 0.100 0.043
7 2400 0.091 0.043
=2 2700 -0.043 0
g 3000 -0.102 -0.043
~*
[/}

TMS320 software requirements

The digital correction filter equation can be written in state variable form as follows:

where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the
filter state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers.
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be
executed in seven instructions or seven cycles with the following program:

ZAC

LT K2

MPY U

LTA K1

MPY Y

APAC

SACH (dma), (shift)

Y = k1Y +k2U

2-302
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

byte-mode timing

M H(SCLK)  @-tySCLK) [ tc(SCLK)
sH'FTCLK 2V ZVI 2V 2\/| 2V 2V 2Vl-
0.8V | | 08 v ] | |
td(CH-FL)-» !0— [ —»| k- td(CH-FH) —&{ -td(CH-FL) td(CH-FHI-¥ le—
| 1 " | ] i
 _ | |
FSR, FSX dosv ! | tfzv 08 vk /, Vil
R | [
| = k-td(CH-DR) | |
2v |
DR D15 !om ‘ 01,’3] D9 x D8 D7 } D6 x D2 \ D1 DO |
I 0.8V | |
tsu(DX)—¥ je— | | 2
1 |
DON'T CARE
| T a8
t t, N |
—  -thiox) ¥ I tdb(CH-EL) tdb(CH-EHI¥ e b
—— " v |
EODR, EODX Yosv 7Y £
xde n
word-mode timing S
o
——te(sCLK) ()
t
SHIFT CLK 2V 2v | | 2vfF\ 2V
1 ' {
: 08V | 08v 08V : |
I l
e Do td(CH-FH)» b= |
PR | | 2V
FSX, FSR 08 VY ! | . J |
1 | |
:—'l k-td(CH-DR) | |
v |
DR D15 p14 X D13 { D12 D11 x D2 \ D1 ool |
T A |
tsu(DX) M e ! |
| I
N'T CARE
ox————((235 (o1 X013 Yor2 Y orj) oz Yor Yoo -2 oAt
I i |
I
—»  p=th(DX) tdw(CH-EL)¥ r— ¥ l-tdw(CH-EH)

g 2V
EODX, EODR o.aU

FIGURE 5. SERIAL PORT TIMING
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TMS32010 < FSX
o SN74L5299
¢ s1 ay’ DX
DEN G2
G1 - S0 CLK <}—
AO/PAO A — D8-D15 G1 TLC32044
YO \ N
A1/PA1 \ AH SR
A2/PA2 A}
SN74LS138 SN74LS299 SHIFT CLK
2 S1 Qay’
G2
(w) S0 cLK < SN74LS74
o D0-D15 et c1
~ / \ DO- \D0-D7 |
o D0-D15 \ \ NAH SR < 1D DR
AY \ AY 7
(2}
=2
o
- WE o
(7]
CLK ouT MSTR CLK
iNT < EODX

FIGURE 6. TMS32010/TMS320C15-TLC32044 INTERFACE CIRCUIT

in instruction timing

CLK OUT
|
BEN ] I r
1
S0, G1 1 | [
T
50015 B e T

out instruction timing
CLK OUT | | | | | | | |
WE | 1 |

SN74L5138 Y1 1 | |

SN74LS299 CLK

DO-D15 ey )

< VALID )
FIGURE 7. TMS32010/TMS320C15-TLC32044 INTERFACE TIMING
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER

20
10

(o}

-10

-20
-30

-40

Magnitude —dB

-50
-60
-70
-80

TYPICAL CHARACTERISTICS

I SCF clock f = 288 kHz
| Ta = 25°C

|

Input = *3-V sinewave
1 L it i 1

Il

0 05 1

Normalized Frequency —kHz x

FIGURE 8

16 2 25 3 35 4 45 5

SCF Clock Frequency
288 kHz

AIC RECEIVE-CHANNEL BANDPASS FILTER

20
10
0
-10
-20
-30

-40

Magnitude-dB

-50
-60
-70
-80

Low-pass SCF clock f
[ High-pass SCF clock f
| TA = 25°C

Input + 3-V sinewave

288 kHz

8 kHz \

R L

0 05 1 15 2

5 3 35 4 45 5

Frequency — kHz

FIGURE 10

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER

Group Delay —ms

Magnitude —dB

3[SCF clock f — 288 kHz
Ta = 25°C
2.5F Input = *3-V sinewave
2
1.5 S A
” 7))
1 -
[}
]
/ N
0.5 7 2
—»ﬁ// S
— ©
0 05 1 15 2 25 3 35 4 45 5 (a)

Normalized Frequency —kHz x

FIGURE 9

SCF Clock Frequency

288 kHz

AIC RECEIVE-CHANNEL HIGH-PASS FILTER

20

L T T T T
SCF clock f = 8 kHz
10} TA = 25°C

Input = +3-V sinewave
° -
-10
ol
'

-40

-50

Normalized Frequency —kHz x

FIGURE 11

0
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A/D Conversion Rate
8 k samples/s
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

AIC RECEIVE CHANNEL BANDPASS FILTER

2.5

g
)

o -
o =)

°
=)

s;aaqs BIBG m
Group Delay—ms
&

TYPICAL CHARACTERISTICS

Ta = 25°C

Low-pass SCF clock f = 288 kHz
|| High-pass SCF clock f = 8 kHz

Input = *3-V sinewave

A\

]

N

—

05 1 156 2 25 3 35 4 45 5

Frequency —kHz

AIC (SIN X)/X CORRECTION FILTER

5 T T T T T
SCF clock f = 288 kHz /
4.5 _TA = 25°C /
4 |_Input = *3-V sinewave

Magnitude —dB
N
)

. /|
A

05 1 15 2 25 3 35 4 45 5

Normalized Frequency —kHz x M

FIGURE 12 288 kHz
FIGURE 13
(SIN X)/X CORRECTION FILTER A/D SIGNAL-TO-DISTORTION RATIO
6 vs
(sin x)/x ’ 100 INPUT SIGNAL
4 correction 1-kHz input signal
filter 90 |- 8-kHz conversion rate
2 o
% -glg 80
| / o
5 g 70 GAIN = 1X—
.g o </ error ;:6 GAIN = 4X
£ \\ c 60 =
& -
s 2 NG \ § 50
1Z]
<)
D/A converter (sin x)/x \ 8 40
— 4 — Distortion for TB register = 36 — s 30
N 5
\ »n 20
-6
0 05 1 15 2 25 3 35 4 45 5 10
Normalized Frequency—kHz x SCF Clock Frequency 0
288 kHz -50 -40 -30 -20 -10 0 10
ianal - _
FIGURE 14 Input Signal Relative to Vyef—dB
FIGURE 15
T *IP
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

A/D GAIN TRACKING

(GAIN RELATIVE TO GAIN AT 0 dB INPUT SIGNAL)

Gain Tracking—dB

-03
-0.4

-0.5

-0.2

0.5

T T
1-kHz input signal
0.4 |- 8-kHz conversion rate

o © ©
a0 W

-0.1

\
\
[
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-50 -40 -30 -20 -10 0 10
Input Signal Relative to V ef—dB

FIGURE 16

D/A CONVERTER SIGNAL-TO-DISTORTION RATIO

Signal-to-Distortion Ratio—dB

VS
INPUT SIGNAL LEVEL

100 T T T T
1-kHz input signal into 600 Q
90 - 8-kHz conversion rate

80

60 -

50 //
40 i

30

20

10

[
-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vyef—dB

FIGURE 17
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

Gain Tracking—dB

s19ays eieq m

D/A GAIN TRACKING

TYPICAL CHARACTERISTICS

(GAIN RELATIVE TO GAIN vs

AT 0 dB INPUT S

IGNAL LEVEL) INPUT SIGNAL

A/D SECOND HARMONIC DISTORTION

0.5 T T T T -100 T T T
1-kHz input signal into 600 Q 1-kHz input signal
0.4 |- 8-kHz conversion rate - 90| 8-kHz conversion rate
-]
0.3 ‘|= -80
0.2 s /
. = -70
s —
0.1 2 -60 =
[a]
0 == £ -850
/ §
-0.1 E a0
T
-0.2 5 -30
c
(=]
-0.3 5 -20
-0.4 -10
-0.5 0
-50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB Input Signal Relative to V ef—dB
FIGURE 18 FIGURE 19

Second Harmonic Distortion—dB

D/A SECOND HARMONIC DISTORTION
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INPUT SIGNAL
-100

T T T T
1-kHz input signal into 600
—908-kHz conversion rate

-80
»\// ~
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-40
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FIGURE 20
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TLC320441, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

Third Harmonic Distortion—dB
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A/D THIRD HARMONIC DISTORTION

INPUT

vs
SIGNAL

T T
1-kHz input signal

[8-kHz conversion rate
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FIGURE 21
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FIGURE 22
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TLC32044l, TLC32044C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL APPLICATION INFORMATION

TMS32020/C25 TLC32044
CLKOUT < MSTR CLK Vee+
FSX < FSX REF ——{ T
DX > DX ANLG GND
FSR " SR BAT 421
DR - DR vee- |
CLKR j - SHIFT CLK Vpp
CLKX
DGTL GND

O
g C = 0.2 uF, CERAMIC
o FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND
[72] ) SCHOTTKY DIODEt
3
'y ) Vce
-~
(7]
R

3-V OUTPUT

TL431

FOR: Vgg = 12V, R = 7200 0
Vee = 10V, R = 5600
Vcc = 5V.R = 16000
FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32044

TThomson Semiconductors
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TLC320451, TLC32045C

VOICE-BAND ANALOG INTERFACE CIRCUITS

D3188, DECEMBER 1988

Advanced LinCMOS™ Silicon-Gate Process
Technology

14-Bit Dynamic Range ADC and DAC

16-Bit Dynamic Range Input with
Programmable Gain

® Variable ADC and DAC Sampling Rate Up to
19,200 Samples per Second

® Switched-Capacitor Antialiasing Input Filter
and Output-Reconstruction Filter

® Serial Port for Direct Interface to
TMS320C17, TMS32020, TMS320C25,
and TMS320C30 Digital Processors

® Synchronous or Asynchronous ADC and
DAC Conversion Rates with Programmable
Incremental ADC and DAC Conversion
Timing Adjustments

® Serial Port Interface to SN74299 Serial-to-
Parallel Shift Register for Parallel Interface
to TMS32010, TMS320C15, or Other
Digital Processors

® Internal Reference for Normal Operation and
External Purposes, or Can Be Overridden by
External Reference

description

The TLC32045 is a complete analog-to-digital
and digital-to-analog input/output system on a
single monolithic CMOS chip. This device
integrates a bandpass switched-capacitor
antialiasing input filter, a 14-bit-resolution A/D
converter, four microprocessor-compatible serial
port modes, a 14-bit-resolution D/A converter,
and a low-pass switched-capacitor output-
reconstruction filter. The device offers numerous
combinations of Master Clock input frequencies
and conversion/sampling rates, which can be
changed via digital processor control.

N PACKAGE
(TOP VIEW)
nu [ Uzslnu
RESETEZ 27[JNU
EODR (|3 2s[JIN+
SR s 250N
oR{Js  24[JAUX IN+
msTR cLk [J6 23[JAUX IN
VDD [:7 22[JouT +
rRer[Je 210Jout
DGTL GND (o ZOEVCC+
sHIFT cLk 1o 19]vee
Eobx [J11  18[JANLG GND
px {12 17[JANLG GND
WORD/BYTE [|'3  '6[]NU
FSxX (14 15[INU
FN PACKAGE
(TOP VIEW)
= I
BEEz22:
/ | WD [ S ) S | SN ) SED ) N ) S |
4 3 2 1282726
DR 5 25(] IN -
MSTR CLK [J 6 24[] AUX IN +
vop 7 23[ AUX IN -
Rer 18 22(] ouT +
DGTL GND P9 21J ouT -
SHIFT CLk )10 20} vee +
EoDX P11 190 vee -
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pins. See Table 2.

Data Sheets “

NU —Nonusable; no external connection should be made to these

Typical applications for this IC include speech encryption for digital transmission, speech recognition/storage
systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog interface
for digital signal processors (DSPs), industrial process control, biomedical instrumentation, acoustical signal
processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial modes, which
allow direct interface to the TMS320C17, TMS32020, TMS320C25, and TMS320C30 digital signal
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description (continued)

sjeays eieq n

processors, are provided. Also, when the transmit and receive sections of the Analog Interface Circuit
(AIC) are operating synchronously, it will interface to two SN74299 serial-to-parallel shift registers. These
serial-to-parallel shift registers can then interface in parallel to the TMS32010, TMS320C15, other digital
signal processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that
data transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible
control scheme is provided so that the functions of the IC can be selected and adjusted coincidentally
with signal processing via software control.

The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional)
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology
and is preceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data
filtering. When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path.
A selectable, auxiliary, differential analog input is provided for applications where more than one analog
input is required.

The A/D and D/A converters each have 14 bits of resolution with 9 bits of integral linearity specified over
any 9-bit range. The A/D and D/A architectures ensure no missing codes and monotonic operation. An
internal voltage reference is provided to ease the design task and to provide complete control over the
performance of the IC. The internal voltage reference is brought out to a pin and is available to the designer.
Separate analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide
dynamic range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute
minimum. The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry.

The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter)
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology.
This filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The
on-board (sin x)/x correction filter can be switched out of the signal path using digital signal processor
control, if desired.

The TLC32045I is characterized for operation from —40°C to 85°C, and the TLC32045C is characterized
for operation from 0°C to 70°C.

2-312

1/
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

functional block diagram

FILTER
N+ —
N » " SERIAL g
AUX IN Y AP ForT e
+—]
X
AUX IN - — > » DR
L RECEIVE SECTION » E0DR
—_— e —
‘ / r j MSTER CLK
| INTERNAL | # SHIFT CLK 2
P—————————————-—-—l VOLTAGE
| REFERENCE I WORD/BYTE
[
| M .1._ —d DX -
FILTER 3
» FSX p-
OUT + €
(SIN X)/X \ e Dia I | R 7,
OUT - < CORRECTION » EODX
L]
TRANSMIT SECTION ‘5

FF 1 1 T 1

Vees Vec- ANLG  DTGL  Vpp REF RESET
GND  GND  (DIG)

PRINCIPLES OF OPERATION

analog input

Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary
input set, AUX IN + and AUX IN —, can be used if a second input is required. Each input set can be operated
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided.
The gain for the IN+, IN—, AUX IN+, and AUX IN — inputs can be programmed to be either 1, 2, or 4
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide
dynamic range is assured by the differential internal analog architecture and by the separate analog and

digital voltage supplies and grounds.

A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing

The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this
filter is presented in the following pages. This response results when the switched-capacitor filter clock
frequency is 288 kHz and the A/D sample rate is 8 kHz. Severa! possible options can be used to attain
a 288-kHz switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple
bandwidth and 3-dB low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively.
However, the high-pass section low-frequency roll-off is frequency-scaled by the ratio of the A/D sample

rate to 8 kHz.

The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock

for several Master Clock input frequencies.
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A/D

N

PRINCIPLES OF OPERATION (continued)

The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are
synchronously locked.

converter performance specifications

Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with
switched-capacitor techniques provides an inherent sample-and-hold.

. analog output

The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads
directly in either a differential or single-ended configuration.

low-pass filter, D/A low-pass filter clocking, and D/A conversion timing

The frequency response of this filter is presented in the following pages. This response results when the
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided
on the output of the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs
at multiples of the 288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates
any switched-capacitor clock feedthrough.

The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously
locked.

asynchronous versus synchronous operation

If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC)
are operated asynchronously, the low-pass and bandpass filter clocks are independently generated from
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description
Section.)

converter performance specifications

Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized
with a switched-capacitor ladder.

system frequency response correction

(Sin x)/x correction for the D/A converter's zero-order sample-and-hold output can be provided by an on-
board second-order (sin x)/x correction filter. This (sin x)/x correction filter can be inserted into or deleted
from the signal path by digital signal processor control. When inserted, the (sin x)/x correction filter follows
the switched-capacitor low-pass filter. When the TB register (see Internal Timing Configuration section)
equals 36, the correction results of Figures 11 and 12 will be obtained.

O
o
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PRINCIPLES OF OPERATION (continued)

(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and
performing the (sin x)/x correction in digital signal processor software. The system frequency response
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates.
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x Correction Section
for more details).

serial port

The serial port has four possible modes that are described in detail in the Functional Pin Description Section.
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE.

1. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS320C17.

2. The transmit and receive sections are operated asynchronously, and the serial port interfaces
directly with the TMS32020, TMS320C25, and the TMS320C30.

3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS320C17.

4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly
with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift registers,
which can then interface in parallel to the TMS32010, TMS320C15, to any other digital signal
processor, or to external FIFO circuitry.

operation of TLC32045 with internal voltage reference

The internal reference of the TLC32045 eliminates the need for an external voltage reference and provides
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete
control over the performance of the IC. The internal reference is brought out to a pin and is available to
the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor
may be connected between REF and ANLG GND.

operation of TLC32045 with external voltage reference

The REF pin may be driven from an external reference circuit if so desired. This external circuit must be
capable of supplying 250 yA and must be adequately protected from noise such as crosstalk from the
analog input.

reset

A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast,
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX
Data Word Format section).
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

loopback

PRINCIPLES OF OPERATION (Continued)

This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some
difference in these bits due to the ADC and DAC output offsets.

The loopback feature is implemented with digital signal processor control by transmitting the appropriate
serial port bit to the control register (see AIC Data Word Format section).

PIN
NAME

NO.

10

DESCRIPTION

ANLG GND

17,18

Analog ground return for all internal analog circuits. Not internally connected to DGTL GND.

AUX IN +

24

Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter
path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace
the IN+ and IN — inputs. If the bit is a O, the IN+ and IN — inputs will be used (see the AIC DX Data Word
Format section).

AUX IN -

23

Inverting auxiliary analog input (see the above AUX IN + pin description).

DGTL GND

Digital ground for ail internal logic circuits. Not internally connected to ANLG GND.

DR

This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal.

DX

This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal.

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial-
to-paralle! shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the
second byte has been transmitted. The TMS320C17 can use this low-going signal to differentiate between
the two bytes as to which is first and which is second.

2-316

U
INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265



TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

NO.

110

DESCRIPTION

11

o]

(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate
parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte-
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to
the AIC and is kept low until the second byte has been transmitted. The TMS320C 17 can use this low-going
signal to differentiate between the two bytes as to which is first and which is second.

|
el

In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.)

|
x

When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description,
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration
Diagrams).

IN +

26

Noninverting input to analog input amplifier stage

IN—

25

Inverting input to analog input amplifier stage

MSTR CLK

The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration).

OuUT +

22

Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads
directly in either a differential or a single-ended configuration.

Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +.

110

The internal voltage reference is brought out on this pin. An external voltage reference can also be applied
to this pin.

A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all
AIC registers including the control register. After a negative-going pulse on the RESET
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock
input signal. The conversion rate adjust registers, TA"and RA’, will be reset to 1. The CONTROL register bits
will be reset as follows (see AIC DX Data Word Format section).

d9 =1,d7 =1,d6 =1,d5 =1,d4 =0,d3 =0,d2 =1

This initialization allows normal serial-port communication to occur between AIC and DSP.

SHIFT CLK

10

The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used
to clock the serial data transfers ’of the AIC, described in the WORD/BYTE pin description
below (see the Serial Port Timing and Internal Timing Configuration diagram).

Voo

Digital supply voltage, 5V +5%

Vee+

20

Positive analog supply voltage, 5 V +5%

Vee -

19

Negative analog supply voltage -5 V +5%

TeExas ‘Q?
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265

N

Data Sheets

2-317



TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

PIN

NAME NO.

e}

DESCRIPTION

WORD/BYTE 13

sjaays eleq E

This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial
modes. These four serial modes are described below.

AIC transmit and receive sections are operated asynchronously.

The following description applies when the AIC is configured to have asynchronous transmit and receive sections.
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and
receive sections will be asynchronous.

L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams).

. The FSX or FSR pin is brought low.

. One 8-bit byte is transmitted or one 8-bit byte is received.

. The EODX or EODR pin is brought low.

. The FSX or FSR pin emits a positive frame-sync pulse that is

four Shift Clock cycles wide.

5. One 8-bit byte is transmitted or one 8-bit byte is received.
6. The EODX or EODR pin is brought high.
7. The FSX or FSR pin is brought high.

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30,
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX or FSR pin is brought low.

2. One 16-bit word is transmitted or one 16-bit word is received.

3. The FSX or FSR pin is brought high.

4. The EODX or EODR pin emits a low-going pulse.
AIC transmit and receive sections are operated synchronously.
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical
during primary data communication; however, FSR will not be asserted during secondary data communication
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial
Port Timing diagrams).

L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two

8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams):
. The FSX and FSR pins are brought low.
. One 8-bit byte is transmitted and one 8-bit byte is received.
. The EODX and EODR pins are brought low.
. The FSX and FSR pins emit positive frame-sync pulses that are
four Shift Clock cycles wide.

5. One 8-bit byte is transmitted and one 8-bit byte is received.

6. The EODX and EODR pins are brought high.

7. The FSX and FSR pins are brought high.

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30,
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing
diagrams):

1. The FSX and FSR pins are brought low.

2. One 16-bit word is transmitted and one 16-bit word is received.

3. The FSX and FSR pins are brought high.

4. The EODX or EODR pins emit low-going pulses.
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data
bus communications between the AIC and the digital signal processor. The operation sequence is the same
as the above sequence (see Serial Port Timing diagrams).
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INTERNAL TIMING CONFIGURATION

Y

SWITCHED

MASTER CLOCK[— — — = — — — — — — — — = SHIFT CLOCK
5.184 MHz (1) DIVIDE BY 4 } # 1.296 MHz (1)
tosesmuz [ _ S0 _ _ __J 2.592 MHz (2)
20.736 MHz (1) —_———— e — e ——
41.472 MHz (2) ————
XTAL TMS320
0SC ™ osp pesieTER 1 s miTs) LOW-PASS/
12’s COMPL) (SIN X)/X
CORRECTION

r..
1 |
| |
I |
OPTIONAL EXTERNAL CIRCUITRY | ADDER/ DIVIDE BY 2 CAP FILTER | 2
_FORFULL DUPLEX MODEMS = | SUBTRACTOR CLK = 288 kHz |
| 153.6 kHz a (6 BITS) SQUARE WAVE l
1Y [owvioe €0 [ commerciac I TB REGISTER | 2
| |BY 138 i EXTERNAL || | (6 BITS) o
FRONT-END | | | @
| FULL-DUPLEX | r N =
i SPLIT-BAND | do.dq=0.0 dg.d1=0,1 | 7,
FILTERS? U1 jdoaq-1i18 do.dqr=1.0¢
L __ _—— | TX COUNTER B | S
TX COUNTER A T8-40: 7.2 kHz DIA | ©
TB=36: 8.0 kHz |y CONVERSION
| ITA = 9 (1) -~ ' ()
A - 1sn * TB=30; 9.6 kHz FREQUENCY I
I (6 BITS) 576-kHz TB=20: 14.4 kHz
PULSES TB=15; 19.2 kHz l
I RA’ REGISTER l
I RA REGISTER (6 BITS) I
15 BITS) (2's COMPL)
l T L + LOW-PASS '
l SWITCHED l
ADDER/ DIVIDE BY 2 CAP FILTER
| SUBTRACTOR CLK = 288 kHz I
(6 BITS) SQUARE WAVE
l RB REGISTER l
| (6 BITS) |
: do,d1=0,0: do,d1=0,1: + :
dg.d1=1.1 do.d1=1.0 A/ID
. moomens, | convenson |
RX COUNTER A RB=38: 8.0 kHz FREQUENCY/
| (RA = 9(1)] R RB_30. 9.6 kHe HIGH-PASS |
[RA = 18 (2)] 4 e SWITCHED
| (6 BITS) 576-kHz RB =20: 14.4 kHz capFLTER |
PULSES RB=15; 19.2 kHz CLK
L _J
NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high-
speed digital signal processors.
TSplitAbar\d filtering can alternatively be performed after the analog input function via software in the TMS320.
$These control bits are described in the AIC DX Data Word Format section.
i
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explanation of internal timing configuration
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All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is
derived by dividing the Master Clock input signal frequency by four.

Low-pass:
SCF Clock Frequency _ Master Clock Frequency
(D/A or A/D Path) 2 x Contents of Counter A

SCF Clock Frequency (D/A or A/D Path)

Conversion Frequency Contents of Counter B

i

High-pass:

SCF Clock Frequency

(A/D Path) A/D Conversion Frequency

Master Clock Frequency
4

Shift Clock Frequency

TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function
frequencies are frequency-scaled by the ratios of the clock frequency to 288 kHz. Thus, to obtain the
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter
A values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal can then be
divided by the TX Counter B to establish the D/A conversion timing.

The transfer function of the bandpass switched-capacitor filter in the A/D path is a composite of its high-
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise,
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section’s SCF clock to
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function
specification when the A/D conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high-
pass section will be frequency-scaled by the ratio of the A/D conversion rate to 8 kHz.

TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register.
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case,
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register
less the RA’ Register, or the RA Register plus the RA’ Register.

The ability to advance or retard conversion timing is particularly useful for modem applications. This feature
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem
frequencies.
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If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description),
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also,
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA
Register, RA’ Register, and RB Registers are not used.

AIC DR or DX word bit pattern

A/D or D/A MSB,
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB

[ p1s]p14a] p13] p12[ p11]D10] D[ D8 [ 07 [ D6 [ D5 [ D4 [ D3 [ D2 [ D1 [ DO |

AIC DX data word format section

N

[72]

d15[d14[d13]d12][d11]d10]d9[d8[d7]d6]d5 [da [d3[d2]d1] do COMMENTS 1)

primary DX serial communication protocol o

« d15 (MSB) through d2 go to the D/A — | O O | The TX and RX Counter A’s are loaded with the TA and RA ﬁ
converter register register values. The TX and RX Counter B’s are loaded with TB

and RB register values. S

<« d15 (MSB) through d2 go to the D/A — | O 1| The TX and RX Counter A’s are loaded with the TA+TA’ and ©

converter register RA +RA'register values. The TX and RX Counter B's are loaded o

with the TB and RB register values. NOTE: d1=0, dO=1 will
cause the next D/A and A/D conversion periods to be changed
by the addition of TA’ and RA’ Master Clock cycles, in which
TA’and RA’ can be positive or negative or zero. Please refer to
Table 1. AIC Responses to Improper Conditions.
<« d15 (MSB) through d2 go to the D/A — | 1 0| The TX and RX Counter A’s are loaded with the TA-TA’ and
converter register RA —RAregister values. The TX and RX Counter B's are loaded
with the TB and RB register values. NOTE: d1=1, dO=0 will
cause the next D/A and A/D conversion periods to be changed
by the subtraction of TA’ and RA’ Master Clock cycles, in which
TA’and RA’ can be positive or negative or zero. Please refer to

Table 1. AIC Responses to Improper Conditions.

<« d15 (MSB) through d2 go to the D/A —-»T1 1| The TX and RX Counter A’s are loaded with the TA and RA
converter register register converter register values. The TX and RX Counter B's

are loaded with the TB and RB register values. After a delay of

four Shift Clock cycles, a secondary transmission will
immediately follow to program the AIC to operate in the desired
configuration.

NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC
will initiate Secondary Communications upon completion of the Primary Communications.

Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner,
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary
Communications.

TeExAas {? 2-321

INSTRUMENTS

POST OFFICE BOX 655012 » DALLAS, TEXAS 75265




TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

secondary DX serial communication protocol

x X | < to TA register | x x| < to RA register > | O 0| d13 and d6 are MSBs (unsigned binary)

x | < to TA’ register — | x | < to RA’ register — | 0 1| d14 and d7 are 2's complement sign bits

x | < to TBregister — | x | < to RB register - | 1 0| d14 and d7 are MSBs (unsigned binary)

X x X x x x d9 x d7 d6 d5 d4 d3d2 11
CONTROL d2 = 0/1 deletes/inserts the A/D highpass filter
REGISTER d3 = 0/1 disables/enables the loopback function

d4 = 0/
d5 = 0/

=

disables/enables the AUX IN + and AUX IN - pins
asynchronous/synchronous transmit and receive
sections

=

d6 = 0/1 gain control bits (see Gain Control Section)
d7 = 0/1 gain control bits (see Gain Control Section)
d9 = 0/1 delete/insert on-board second-order (sin x)/x

= 3

correction filter

reset function

A reset function is provided to initiate serial communications between the AIC and DSP. The reset function
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A
conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register,
will be initialized as follows (see AIC DX Data Word Format section):

sja9ys eyeq N

INITIALIZED
REGISTER
REGISTER VALUE (HEX)
TA 9
TA’ 1
B 24
RA 9
RA’ 1
RB 24

The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section):
d9 =1,d7 =1,d6 =1,d5 =1,d4 =0,d3 =0,d2 =1

This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit
and receive sections are configured to operate synchronously and the user wishes to program different
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format
sections).

The circuit shown below will provide a reset on power-up when power is applied in the sequence given
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND.

TLC32045

Vee + +5V
$ 200 ko

<

RESET

0.5 uF
Vee - -5V

Te U
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power-up sequence

To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Vcc — to ANLG
GND and from Vcc — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied
in the following sequence: ANLG GND and DGTL GND, Vcc -, then VcC + and VpD. Also, no input signal
should be applied until after power-up.

AIC responses to improper conditions

The AIC has provisions for responding to improper conditions. These improper conditions and the response
of the AIC to these conditions are presented in Table 1 below.

AIC register constraints

The following constraints are placed on the contents of the AIC registers:

1. TA register must be > 1.

2. TA’ register can be either positive, negative, or zero.

3. RA register must be > 1.

4. RA’ register can be either positive, negative, or zero.

5. (TA register = TA’ register) must be > 1.

6. (RA register = RA’ register) must be > 1.

7. TB register must be > 1.

TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS
IMPROPER CONDITION AIC RESPONSE
TA register + TA’ register = O or 1 Reprogram TX Counter A with TA register value
TA register — TA’ register = 0 or 1
TA register + TA’ register < O MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A,
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A
RA register + RA' register = O or 1 Reprogram RX Counter A with RA register value
RA register — RA’ register = O or 1
RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A |
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A

TA register = O or 1 AIC is shut down
RA register = O or 1
TB register = O or 1 Reprogram TB register with 24 HEX
RB register = O or 1 Reprogram RB register with 24 HEX
AIC and DSP cannot communicate Hold last DAC output

improper operation due to conversion times being too close together

If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B
registers are improperly programmed or if the A + A’register or A — A’register result is too small. When
incrementally adjusting the conversion period via the A + A’register options, the designer should be very
careful not to violate this requirement (see diagram below).

FRAME
SYNC
FSX
OR
FSR

| |
|~ ONGOING CONVERSION —{

t2 — 17 = 1/19.2 kHz

N
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asynchronous operation — more than one receive frame sync occurring between two transmit frame

syncs

N

O
o
-,
o
172]
=3
o
o
~*
7]
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FSX

____J [
FSX
FSR I

When incrementally adjusting the conversion period viathe A + A’or A — A’register options, a specific
protocol is followed. The command to use the incremental conversion period adjust option is sent to the
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B.
The adjustment command only adjusts one transmit conversion period and one receive conversion period.
To adjust another pair of transmit and receive conversion periods, another command must be issued during
a subsequent FSX frame (see figure below).

t

[¢————————— TRANSMIT CONVERSION PERIOD ——————————]
2

FSR I

1 )
}¢— RECEIVE CONV. —pl¢— RECEIVE CONV.—|
PERIOD A PERIOD B

asynchronous operation — more than one transmit frame sync occurring between two receive frame
syncs

When incrementally adjusting the conversion period viathe A + A’or A — A’register options, a specific
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period

" adjustment is performed near the end of the conversion period. The command to use the incremental

conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted.
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B,
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B
adjustment command.

Al

| |
|- TRANSMIT CONV.-»i¢- TRANSMIT CONV.—Dj¢ TRANSMIT CONV. ¥
PERIOD A PERIOD B PERIOD C

12

| 1
|{¢&————RECEIVE CONVERSION PERIOD A —————pj¢——————RECEIVE CONVERSION PERIOD B————¥]
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asynchronous operation — more than one set of primary and secondary DX serial communication
occurring between two receive frame sync (see AIC DX Data Word Format section)

The TA, TA’, TB, and control register information that is transmitted in the secondary communications
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is
received during this receive conversion period will be disregarded (see diagram below).

t

PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY
FSX
| TRANSMIT | TRANSMIT | TRANSMIT |
l¢————— CONVERSION—————p}¢———— CONVERSION ———————pj¢—————— CONVERSION ————{
PERIOD A PERIOD B PERIOD C
t2
[
FSR
RECEIVE CONVERSION ! |
»ig- _q
+— PERIOD A ¢ RECEIVE CONVERSION PERIOD B

N

[7Z]
-
[+})
[+})
L
(2}
[}
-
©
(a]

Texas {'P 2325

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

test modest

The following paragraph provides information that allows the TLC32045 to be operated in special test
modes. These test modes are used by Texas Instruments to facilitate testing of the device during
manufacturing. They are not intended to be used in real applications, however, they allow the filters in
the A/D and D/A paths to be used without using the A/D and D/A converters.

In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory
to speed up testing of the TLC32045 Analog Interface Circuit (AIC). When the device is used in normal
(non-test mode) operation, the NU pin (pin 1) has an internal pull-down to —5 V. Externally connecting
0 Vor5 Vtopin 1 puts the device in test-mode operation. Selecting one of the possible test or NU modes
is accomplished by placing a particular voltage on certain pins. A description of these modes is provided
in Table 2 and Figures 1 and 2.

TABLE 2. LIST OF TEST MODES

s}a9ys eleq M

TEST D/A PATH TEST (PIN 1 to 5 V) A/D PATH TEST (PIN 1 to 0)
PINS TEST FUNCTION TEST FUNCTION
5 The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought
out to pin 5. This clock signal is normally internal. out to pin 5. This clock signal is normally internal.
11 No change from normal operation. The EODX signal is The pulse that initiates the A/D conversion is brought
brought out to pin 11. out here. This signal is normally internal.
3 The pulse that initiates the D/A conversion is brought No change from normal operation. The EODR signal is
out here. brought out.
27 and 28 | There are no test output signals provided on these pins. The outputs of the A/D path low-pass or bandpass filter
(depending upon control bit d2 — see AIC DX Data
Word Format section) are brought out to these pins. If
the high-pass section is inserted, the output will have a
(sinx)/x droop. The slope of the droop will be determined
by the ADC sampling frequency, which is the high-pass
section clock frequency (see diagram of bandpass or
low-pass filter test for receive section). These outputs
will drive small (30-pF) loads.
D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) to —~5 V
TEST FUNCTION
15 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed.

If the (sin x)/x correction filter is inserted, the OUT + and OUT — signals will have a flat response (see Figure 2). The
common-mode range of these inputs must not exceed +0.5 V.

T In the test mode, the AIC responds to the setting of Pin 13 to —5 V, as if Pin 13 were set to O V. Thus, the byte mode is selected
for communicating between DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass
filter test. In this situation, Pin 13 must be connected to —5 V, which initiates byte-mode communications.
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PIN 27 (POSITIVE),
PIN 28 (NEGATIVE)?

TEST CONTROL

TEST {PIN 1 AT O V)
FILTER A
4 R
1 T "
——] v > A/D —»—
x 2
(2]
]
< Q
(]
L
(72}
©
-
©
- [a}E
FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION
FILTER
A
(Sin x)/x 4
" correcTion [ ¢ _\_ oA
u >
X >
TEST CONTROL
(PIN 13 at -5 V)
PIN 16 (POSITIVE),
PIN 15 (NEGATIVE)?
FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION
TAll analog signal paths have differential architecture and hence have positive and negative components.
U
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

N

Supply voltage, VCC+ (see Note 1) . . ... ... . -0.3Vtois5V
Supply voltage, VDD - - - o« -0.3Vto15V
Output voltage, VO - . oot -0.3Vtol15V
Input voltage, V| . ... -0.3Vito 15V
Digital ground voltage . .. ... ... ... .. -0.3Vto15V
Operating free-air temperature range: TLC32045! ... ... ... ... ... —40°C to 85°C

TLC32045C . ... ... . . 0°C to 70°C
Storage temperature range . . ... .. ... —40°C to 125°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: Voltage values for maximum ratings are with respect to VCC —.

g recommended operating conditions

8 PARAMETER MIN NOM MAX | UNIT

7 Supply voltage, Vcc 4+ (see Note 2) 4.75 5 5.25 \2

-5 Supply voltage, Vcc — (see Note 2) -4.75 -5 -5.25 \

o Digital supply voltage, Vpp (see Note 2) . 4.75 5 5.25 \2

2 Digital ground voltage with respect to ANLG GND, DGTL GND o] \

» Reference input voltage, Vief(ext) (see Note 2) 2 4 \2
High-level input voltage, Vi 2 Vpp +0.3 \
Low-level input voltage, V| (see Note 3) -0.3 0.8 \
Load resistance at OUT + and/or OUT —, R 300 Q
Load capacitance at OUT + and/or OUT -, C_ 100 pF
MSTR CLK frequency (see Note 4) 0.075 5 10.368 MHz
Analog input amplifier common mode input voltage (see Note 5) +1.5 \2
A/D or D/A conversion rate 19.2 kHz
Conversion rate 1 20 kHz
Operating free-air temperature, Ta TLC32048] 40 8% °C

TLC32045C 0 70
NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc 4+, and Vg —, are with respect to the ANLG GND terminal. Voltages at
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal.
3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet
for logic voltage levels and temperature only.
4. The bandpass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and

the high-pass section SCF clock is 8 kHz. If the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency
will shift by the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF clock is shifted from 8 kHz, the high-pass
roll-off frequency will shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter
(SCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off
frequency will shift by the ratio of the SCF clock to 288 kHz.

. This range applies when (IN+ — IN—-) or (AUX IN+ — AUX IN-) equals +6 V.
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electrical characteristics over recommended operating free-air temperature range, VCc+ = 5V,
Vce- = -5V, Vpp = 5V (unless otherwise noted)

total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYPT mMAX UNIT
VoH High-level output voltage Vpp = 4.75V, lgy = —300 pA 2.4 \
VoL Low-level output voltage Vpp = 475V, IgL = 2 mA 0.4 \
| Suppl < v TLC32045I 45 mA
rrent from
CC+ Supply current trom VCC+  I"3c32045¢C 20
| Suppl ¢ from V. TLC32045| -45 mA
— u current ir —
CC— Supply current from VCC TLC32045C —40
Ipp  Supply current from Vpp fMSTR CLK = 5.184 MHz 7 mA 2
Vief Internal reference output voltage 2.9 3.4 \%
avref Temperature coefficient of 250 ppm/°C 17
internal reference voltage iq-)'
o QOutput resistance at REF 100 kQ Qo
=
receive amplifier input 77]
PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT S
A/D converter offset error (filters in) 10 75 mV ©
Common-mode rejection ratio at IN+, IN—, D
CMRR See Note 6 55 dB
or AUX IN+, AUX IN -
| t resist: atIN+, IN-
. nput resistance 100 @
or AUX IN+, AUX IN—, REF
transmit filter output
PARAMETER TEST CONDITIONS MIN TYP' MAX | uNIT
Voo O\_nput offset volt:f\ge at OUT + or OUT — 15 80 Y
(single-ended relative to ANLG GND)
Maximum peak output voltage swing across RL = 300 Q,
Vom . +3 \"
R at OUT + or OUT - (single-ended) Offset voltage = O
Vom Maximum peak outpuf voltage swing between AL = 600 ¢ .6 v
OUT + and OUT — (differential output)
TAll typical values are at Tp = 25°C.
NOTE 6: The test condition is a 0-dBm, 1-kHz input signal with an 8-kHz conversion rate.
Ti y
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electrical characteristics over recommended operating free-air temperature range, VCC+ = 5V,
Vcec- = -5V, Vpp = 5V (unless otherwise noted)

system distortion specifications, SCF clock frequency = 288 kHz

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
Attenuation of second harmonic of | single-ended| Vi = —0.1 dB to — 24 dB referred to Vief, 70 a8
A/D input signal differential | See Note 7 55 70
Attenuation of third and higher single-ended| Vi, = —0.1 dB to —24 dB referred to Vef, 65 4B
harmonics of A/D input signal differential See Note 7 55 65
Attenuation of second harmonic of | single-ended| Vi, = —0 dB to - 24 dB referred to V ef, 70 a8
D/A input signal differential See Note 7 55 70
Attenuation of third and higher single-ended| Vi, = —0 dB to —24 dB referred to Vief, 65 a8
harmonics of D/A input signal differential | See Note 7 55 65
QU: A/D channel signal-to-distortion ratio
~*
Y PARAMETER TEST CONDITIONS A, = 1% Ay = 2% Ay = 4% UNIT
7 (see Note 7) MIN MAX | MIN MAX | MIN MAX
=5 Vin = -6 dBto —0.1 dB 55 >558 >558
8 Vin = 12 dB to -6 dB 55 55 >558
~ Vin = -18 dBto -12dB 53 55 55
«» Vin = —24 dBto — 18 dB 47 53 55
A/D channel signal-to-distortion ratio Vin = -30dBto —24 dB 41 47 53 dB
Vin = —36 dB to -30 dB 35 41 47
Vin = —42 dBto ~36 dB 29 35 41
Vih = —48 dBto —42 dB 23 29 35
Vin = —54 dBto —48 dB 17 23 29
D/A channel signal-to-distortion ratio
PARAMETER TEST CONDITIONS MIN  MAX [ UNIT
(see Note 7)
Vin = -6 dBto -0.1dB 55
Vin = —12dBto -6 dB 55
Vin = —18dBto ~12dB 53
Vinh = —24dBto —18 dB 47
D/A channel signal-to-distortion ratio Vin = —30dB to -24 dB 41 dB
Vin = -36 dBto -30 dB 35
Vin = —42 dBto —36 dB 29
Vin = ~48 dBto -42 dB 23
Vin = -54 dBto —-48 dB 17

T Al typical values are at Ta = 25°C.

+ Ay is the programmable gain of the input amplifier.

8 A value >55 is over range and signal clipping occurs.

NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to V(gf). The load impedance for the DAC
is 600 Q.
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electrical characteristics over recommended operating free-air temperature range, VCC+ = 5V,
Vece- = -5V, Vpp = 5V (unless otherwise noted)

gain and dynamic range

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
f\bsolute transmit gain tracking error while transmitting —42 dB to O dB signal range, £0.05 £0.15 B
into 600 Q See Note 8
—-42 dB to O dB signal y
Absolute receive gain tracking error ° signaf range +0.05 +0.15 dB
See Note 8
power supply rejection and crosstalk attenuation
PARAMETER TEST CONDITIONS MIN TYPT mMAX | UNIT 2
_ Idle channel, supply signal
V or Vcc - supply voltage f = 0to 30 kHz 30

’Cec: ::C . 'pp yha e? at 200 mV p-p measured dB LIJ‘
rejection ratio, receive chann -

) f = 30 kHz to 50 kHz at DR (ADC output) 45 I
VACCf or V'CC— suppjy voltage f = 0 to 30 kHz Idle channel, supply signal 30 2
rejection ratio, transmit channel at 200 mV p-p measured dB 75
(single-ended) f = 30 kHz to 50 kHz at OUT + 45 ©
Crosstalk attenuation, transmit-to-receive (single-ended) 75 dB -

©
TAIl typical values are at Tp = 25°C. ()
NOTE: 8. Gain tracking is relative to the absolute gain at 1 kHz and O dB (O dB relative to Vef).
U
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delay distortion

bandpass filter transfer function, SCF fcjock = 288 kHz IN+ — IN- is a +3 V sinewave?
(see Note 9)

PARAMETER |TEST CONDITION FRER(::ZI:CY ADJUSTMENT ADDEND# MIN TYPS MAX | UNIT
f < 50 Hz K1 x 0 dB -33 -29 -25
f = 100 Hz K1 x — 0.26 dB -4 -2 -1
Gain relative to f = 150 Hz to 3100 Hz K1 x 0 dB -0.25 0 0.25
gain at 1 kHz Input signal f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 0 0.3
(except passband| reference is 0 dB| f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 [o] 0.5 dB
2 ripple (see Note 9) f = 3800 Hz K1 x 2.3 dB -5 -3 -1
specification) f = 4000 Hz K1 x 2.7 dB -20 -17 -16
o f = 4400 Hz K1 x 3.2 dB -40
o f = 5000 Hz K1 x 0 dB -65
[
:) low-pass filter transfer function (see curves), SCF fgjock = 288 kHz (see Note 9)
g PARAMETER |TEST CONDITION FRE&:ZI:CY ADJUSTMENT ADDEND* MIN TYPS MAX | UNIT
S.D. f = 0 Hz to 3100 Hz K1 x 0 dB ~0.25 0 0.25
« Gain relative to f = 3100 Hz to 3300 Hz K1 x 0 dB -0.3 (4] 0.3
gain at 1 kHz Input signal f = 3300 Hz to 3650 Hz K1 x 0 dB -0.5 0 0.5
(except passband| reference is 0 dB{ f = 3800 Hz K1 x 2.3 dB -5 -3 -1 dB
ripple (see Note 9) f = 4000 Hz K1 x 2.7 dB -20 -17 -16
specification) f = 4400 Hz K1 x 3.2 dB -40
f = 5000 Hz K1 x 0dB - 65
serial port
PARAMETER TEST CONDITIONS MIN TYPS MAX [ UNIT
VoH  High-level output voltage loH = —300 pA 2.4 Vv
VoL  Low-level output voltage loL = 2 mA 0.4 \
Iy Input current +10 pA
Cj Input capacitance 15 pF
Co Output capacitance 15 pF
1 See filter curves in typical characteristics.
$The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from
inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.25%, the
ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where K1 = 100 « ((SCF frequency — 288 kHz)/
288 kHz]. For errors greater than 0.25%, see Note 10.

8 All typical values are at Tp = 25°C.

NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband
is measured with respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz
for the bandpass and low-pass filters respectively.

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched-
capacitor filter clock frequency to 288 kHz.
i
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TLC32045I, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VCC+ = 5 V,

vVee- = -5V, Vpp =5V

noise (measurement ipcludes low-pass and bandpass switched-capacitor filters)

PARAMETER TEST CONDITIONS TYPT  MAX | uNIT
with (sin x)/x correction 600 | v rms
Transmit noise DX input = 00000000000000, constant input code 450 | pV rms
without (sin x)/x correction 24 dBrncO
L . 530 | uV rms
Receive noise (see Note 11) Inputs grounded, gain = 1
24 dBrncO
timing requirements 2
serial port recommended input signals
PARAMETER MIN MAX | UNIT ﬁ
te(MCLK) Master clock cycle time 95 ns 8
tr(MCLK) Master clock rise time 10 ns <
tH(MCLK) Master clock fall time 10 ns (/5]
Master clock duty cycle 25% 75% ©
RESET pulse duration (see Note 12) 800 ns "6
tsy(DX) DX setup time before SCLK! 20 ns ()
th(DX) DX hold time after SCLK! tc(SCLK)/4 ns
T All typical values are at Tp = 25°C.
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter.
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached
their recommended values.
I
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

operating characteristics over recommended operating free-air temperature range, VcC+ = 5V,
vVee- = -5V, Vpp = 5V (continued)

serial port — AIC output signals

PARAMETER MIN MAX UNIT
te(SCLK) Shift clock (SCLK) cycle time 380 ns
t(SCLK) Shift clock (SCLK) fall time 50 ns
tr(SCLK) Shift clock (SCLK) rise time 50 ns

Shift clock (SCLK) duty cycle 45 55 %
td(CH-FL) __ Delay from SCLK? to FSR/FSX! 90 ns
td(CH-FH) _ Delay from SCLK! to FSR/FSX1 90 ns
td(CH-DR) DR valid after SCLK? 90 ns
tdw(CH-EL) Delay from SCLK' to EODX/EODR! in word mode 90 ns
tdw(CH-EH) Delay from SCLKt to EODX/EODR! in word mode 90 ns
tHEODX) EODX fall time 15 ns
tf(EODR) EODR fall time 15 ns
tdb(CH-EL) _ Delay from SCLK?® to EODX/EODR! in byte mode 100 ns
tdb(CH-EH)  Delay from SCLK? to EODX/EODR! in byte mode 100 ns

sjeays eieq m

TABLE 2. GAIN CONTROL TABLE
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION)

CONTROL REGISTER BITS A/D CONVERSION

INPUT CONFIGURATIONS a6 e ANALOG INPUT? RESULT

Differential configuration 1 1 +6V full-scale
Analog input= IN+ — IN— 0 (o]

= AUX IN+ — AUX IN— 1 0 +3V full-scale

(o] 1 +1.5V full-scale

Single-ended configuration 1 1 +3V half-scale
Analog input= IN+ — ANLG GND (9] (9]

= AUX IN+ — ANLG GND] 1 0 +3V full-scale

0 1 +1.5V full-scale

Tin this example, Vyef is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input
not exceed 0.1 dB below full scale.

Rib Rt
R R
IN + —AAA + — AUX IN + —AAA, 4 el
TO MUX TO MUX
IN - —AM- p T AUX IN - —AAA- P -
Rib Rib
Rfp = Rfordé = 1, d7 = 1 Rfp = Rford6 = 1,d7 = 1
dé = 0,d7 =0 d6 = 0,d7 =0
Rfp = 2R ford6 = 1, d7 = 0 Rfp = 2R ford6 = 1,d7 = 0
Rfp = 4R ford6 = 0, d7 = 1 Rfp = 4R for d6 = 0, d7 = 1
FIGURE 3. IN+ AND IN- GAIN FIGURE 4. AUX IN+ AND AUX IN -
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY

1/
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

(sin x)/x correction section

If the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can
be accomplished in digital signal processor (DSP) software. (Sin x)/x correction can be accomplished easily
and efficiently in digital signal processor (DSP) software. Excellent correction accuracy can be achieved
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest.
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper

edge of the 300—3000-Hz band.

(sin x)/x roll-off for a zero-order hold function .
The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for
the various sampling rates is shown in the table below.

N

TABLE 3. (sin x)/x ROLL-OFF

sin = f/fg
w tifg
(f = 3000 Hz)
(dB)
7200 -2.64
8000 -2.11
9600 -1.44
14400 -0.63
19200 -0.35

20 log

[2]
-
V]
o
L
(%)
1]
fs (Hz) g

Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures, because the AIC has
less than a 100% duty cycle hold interval.

correction filter

To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is
recommended.

Ui+ 1)

\ 4 » V(i+1)

(1-p1)P2

p1

The difference equation for this correction filter is:
Yi+1 = p2(1-p1) (uj+ 1) +p1 yi

where the constant p1 determines the pole locations.
The resulting squared magnitude transfer function is:

p22 (1-p1)2

H(f)|2 =
IHh| 1 ~ 2p1 cos(2 = f/fg) + p12

1}
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TABLE 4
ERROR (dB) ERROR (dB)
 Ha) fs = 8000 Hz fs = 9600 Hz
p1 = -0.14813 p1 = -0.1307
p2 = 0.9888 p2 = 0.9951
300 -0.099 -0.043
2 600 -0.089 -0.043
900 -0.054 0
1200 -0.002 0
O 1500 0.041 0
9. 1300 0.079 0.043
] 2100 0.100 0.043
n 2400 0.091 0.043
= 2700 -0.043 0
8 3000 -0.102 -0.043
-
?  TMS320 software requirements
The digital correction filter equation can be written in state variable form as follows:
Y = k1Y +k2U
where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the
filter state, and U is the next I/0 sample. The coefficients k1 and k2 must be represented as 16-bit integers.
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be
executed in seven instructions or seven cycles with the following program:
ZAC
LT K2
MPY U
LTA K1
MPY Y
APAC
SACH (dma), (shift)
3
2-336 XAS
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VOICE-BAND ANALOG INTERFACE CIRCUITS

correction results

Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and

9600-Hz sampling rates.
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

byte-mode timing

—»-HSCLK) @ ty(SCLK) [¢—>tc(SCLK)
SH‘FTCLK 2v 2V| 2V 2V 2V 2V 2Vl
| 0.8 v 1 | 0.8 v } : |
td(CH-FL)-» et— [ —| le-td(CH-FH) —»{ k- td(CH-FL) td(CH-FH¥ e
[ ] | P
_ | i
FSR, F5X Vosv ! ey 08 vk . i
R i
| —¥ l-'d(CH-DR) :

12 v

|
[
!
DR D15 014 X 013) 09 X D8 o6 o2\ o1 Do
[
I

tsu(DX)—¥ je— |
I

|
DON'T CARE
DX (015 X 014} D13 — o7 06 Y b2 Y o1 X Do

T
|
tdb(CH-EHI# je—

F—

I
—+  l—thiDX) ¥ M- tdb(CHEL)
- 4 |
EODR, EODX \oso B
—
word-mode timing
k——'t-(c(scu()
1
SHIFT CLK 2V 2v i | 2vF\ 2V
{ I g |
| 0BV | 0.8V 08V | |
| | |
e b LA(CH-FHI® = |
N ! ;o } PX%
FSX. FS 0.8V | |
— — * |
:»1 }'—ta(CH-Dm | |
v I
DR D15 o14 013 o1z o1t b2\ o1 pO! |
| T |
tsu(DX) -l t |
! 1
N'T CARE
| |
1 |
— 1
> k=thDX) tdw(CH-EL)¥ l ¥ je-tgw(CH-EH)
I

coox. eaor ' p oy
EODX. EODR 0.8 V.

FIGURE 5. SERIAL PORT TIMING

N
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TMS32010 < FSX
. SN74LS299
¢ s1 ay’ DX
DEN (73
Gl __ so  Clk<}—r
vi e
AO/PAQ A3 | o8-D1s G TLC32085
A\
A1/PAY B8 N AH SR
A2/PA2 c 7
SN74LS138 SN74LS299 SHIFT CLK
2 ST aw
G2
o S0 LK< SN74LS74
o G1 )
- , \D0-D15 ,D0-D7 |
o DO-D15 \ \ YA-H SR < 1D DR
AY AY 7
m AY
=
o
- WE ®
(7]
CLK ouT ? MSTR CLK
iNT < EODX

FIGURE 6. TMS32010/TMS320C15-TLC32045 INTERFACE CIRCUIT

in instruction timing

CLK OUT
]
BEN ] | I'
|
s0, G1 1 ! |
T
DO-D15 vt

out instruction timing
CLK OUT | | | | | | | |
WE I | l

SN74LS138 Y1 1 | I
SN74LS299 CLK |
)
D0-D15 ( _vauo )

FIGURE 7. TMS32010/TMS320C15-TLC32045 INTERFACE TIMING
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

AIC TRANSMIT AND RECEIVE LOW-PASS FILTER AIC TRANSMIT AND RECEIVE LOW-PASS FILTER

20 3 —r T T ——
SCF clock f = 288 kHz
10 Ta = 25°C
o 2.5+ Input = #+3-V sinewave
Al
2 g 2
| —20 {
2 )
3 -30 315 f 2
5 Q
g -40 3
= 5 1 3
-50 o
(%)
- 60 SCF clock f = 288 kHz 0.5 / £z
_jol T = 25°C /‘\/’ (7]
Input = *3-V sinewave ] ©
-80 1 1 1 1 L -
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5 8
Normalized Frequency —kHz x SCF Clock Freguency Normalized Frequency — kHz x SCF Clock Frequency
288 kHz 288 kHz
FIGURE 8 FIGURE 9
AIC RECEIVE-CHANNEL BANDPASS FILTER AIC RECEIVE-CHANNEL HIGH-PASS FILTER
20 20 T T T T
SCF clock f = 8 kHz
10 10 TA = 25°C
o ’—lnput = +3-V sinewave
[ \
0
—10 -
]
-] -
B -20 3 10 /
] ©
2 -30 S -20
5 £ [
_ o
3% S -30
-50 /
Low-pass SCF clock f = 288 kHz -40
— 60|~ High-pass SCF clock f = 8 kHz I
~70 | TA = 25°C \ -50
Input = *3-V sinewave
—80 | ] | I | Lo - 60
0 05 1 15 2 25 3 35 4 45 5 0 50 100 150 200 250 300 350 400 450 500
Frequency —kHz Normalized Frequency —kHz x ﬁ/gac:mverst'on/Rate
FIGURE 10 samples’s
FIGURE 11
i
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

AIC RECEIVE CHANNEL BANDPASS FILTER AIC (SIN X)/X CORRECTION FILTER
T T T T T 5 T T T T 1
Low-pass SCF clock f = 288 kHz SCF clock f = 288 kHz /
2.5 |-{—| High-pass SCF clock f = 8 kHz | 4.5 " Ta = 25°C /
TA = 25°C a | Input = #+3-V sinewave
Input = * 3.V sinewave /
w 2.0 3.5
g g /
> 0 T3 /
- @
=4
§ 1.0 g 2
O o~ = 15
Q : y
- /|
(Y 0.5 — N\ 1 L
) I~ 0.5 /
3 -
2 05 1 15 2 25 3 35 4 45 5 05 1 15 2 25 3 35 4 45 5
(7]

Frequency —kHz Normalized Frequency—kHz x —_—_—SCF Clock Frequency

FIGURE 12 288 kHz
FIGURE 13
(SIN X)/X CORRECTION FILTER A/D SIGNAL-TO-DISTORTION RATIO
6 T T Vs
(sin x)/x L INPUT SIGNAL
correction 100
4 . l T I
filter 1-kHz input signal
20 8-kHz conversion rate
2
3 P L~ g? 80
{
: § o /r/ error «% 70
£ \\ t 60 GAIN = 1X—
3 N ] GAIN = 4X | A
= _2 5 50
N B
D/A converter (sin x)/x % 40
—4 —Distortion for TB register = 36 hot 3
- A :
N\ » 20
-6
0 05 1 15 2 25 3 35 4 45 5 10
Normalized Frequency —kHz x M 0
288 kHz -50 -40 -30 -20 -10 O 10
FIGURE 14 Input Signal Relative to Vief—dB
FIGURE 15
T {l’
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TLC320451, TLC32045C

VOICE-BAND ANALOG INTERFACE CIRCUITS

Gain Tracking—dB

Signal-to-Distortion Ratio—dB

TYPICAL CHARACTERISTICS

A/D GAIN TRACKING

(GAIN RELATIVE TO GAIN AT 0 dB INPUT SIGNAL)

0.5
0.4
0.3
0.2

0.1

-0.1
-0.2
-0.3
-0.4

-0.5

D/A CONVERTER SIGNAL-TO-DISTORTION RATIO

100
90
80
70
60
50
40
30
20
10

0

T T
1-kHz input signal
}_ 8-kHz conversion

T T

rate

-50 -40 -30

Input Signal Relative to Vief—dB

-20 -10

FIGURE 16

INPUT SIGNAL LEVEL

\%]

0

10

[ I T
L1-kHz input signal into 600 Q
8-kHz conversion rate

[

/\

0
-50 -40 -30 -20 -10

0

Input Signal Relative to V gf—dB
FIGURE 17
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TLC320451, TLC32045C
VOICE-BAND ANALOG INTERFACE CIRCUITS

Gain Tracking—dB

sjeays ejeq M

TYPICAL CHARACTERISTICS

D/A GAIN TRACKING A/D SECOND HARMONIC DISTORTION
(GAIN RELATIVE TO GAIN Vs
AT O dB INPUT SIGNAL LEVEL) INPUT SIGNAL
0.5 T T T T -100 T T T
1-kHz input signal into 600 Q 1-kHz input signal
0.4 [-8-kHz conversion rate —90 I~ 8-kHz conversion rate
@ \
0.3 T -80
0.2 g /
. = —-70
S /
0.1 2 -60 =
[=]
——
Y] AN ~§ -50
-0.1 E _a0
z
-0.2 - -30
8
-0.3 ® —-20
7}
-0.4 -10
-0.5 0
-50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 (0] 10
Input Signal Relative to V ef—dB Input Signal Relative to V ef—dB
FIGURE 18 FIGURE 19

D/A SECOND HARMONIC DISTORTION
vs
INPUT SIGNAL
-100

T T T T
1-kHz input signal into 600 Q
—90-8-kHz conversion rate

-80

_\// ~
-70

-60 =

-50

-40

-30

-20

Second Harmonic Distortion—dB

-10

0
~-50 -40 -30 -20 -10 0 10
Input Signal Relative to V ef—dB

FIGURE 20
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TLC320451, TLC32045C

VOICE-BAND ANALOG INTERFACE CIRCUITS

TYPICAL CHARACTERISTICS

A/D THIRD HARMONIC DISTORTION

Vs
INPUT SIGNAL
-100 T T T
1-kHz input signal
=901~ 8 kHz conversion rate
2 -80 1
s -70
£ -60 — 2
S 50
5]
E -40— [ }]
H (4]
I _30 <
g )
£ -20 1]
©
-10
(a]
0
-50 -40 -30 -20 -10 0 10
Input Signal Relative to Vief—dB
FIGURE 21
D/A THIRD HARMONIC DISTORTION
Vs
INPUT SIGNAL
-100 T T T T
1-kHz input signal into 600
—90 - 8-kHz conversion rate
% -80
|
5§ -70 L\
$ _e0 7 A
g-
a -
g ~50
§
g —40
8
T -30
2
£ -20
-10
0
-50 -40 -30 -20 -10 o 10
Input Signal Relative to Vi ef—dB
FIGURE 22
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TLC320451, TLC3204

5C

VOICE-BAND ANALOG INTERFACE CIRCUITS

TMS32020/C25

CLKOUT

TYPICAL APPLICATION INFORMATION

FSX

DX
FSR

DR
CLKR

444v44

CLKX

|

FIGURE 23.

TLC32045

MSTR CLK Vee+
FSX REF
DX ANLG GND
FSR
DR Vee -
SHIFT CLK Vpp |

DGTL GND |

Vee

BAT 421

C = 0.2 yF, CERAMIC

AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND
SCHOTTKY DIODE?

TL431

<
<$ 2500 @

FOR: Vcc = 12V, R = 7200 Q

Vgce = 10V, R = 5600 Q

Vee =

5V,R = 1600

S
;Esoo a lo,m uF

3-V OUTPUT

FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32045

TThomson Semiconductors
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AD7628

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

D3198, JANUARY 1989

Advanced LinCMOS™ Silicon-Gate
Technology

Easy Microprocessor Interface
On-Chip Data Latches

Digital Inputs are TTL-Compatible with
10.8-V to 15.75-V Power Supply

Monotonic Over the Entire A/D Conversion
Range

Designed to be Interchangeable with Analog
Devices AD7628

Fast Control Signaling for Digital Signal
Processor Applications Including Interface
with TMS320

KEY PERFORMANCE SPECIFICATIONS
Resolution 8 bits
Linearity Error 1/2 LSB
Power Dissipation at Vpp = 15 V 15 mW
Settling Time at Vpp = 5V 100 ns
Propagation Delay at Vpp = 5 V 80 ns

description

The AD7628 is a dual 8-bit digital-to-analog
converter designed with separate on-chip data
latches and featuring excellent DAC-to-DAC
matching. Data is transferred to either of the two
DAC data latches via a common 8-bit input port.
Control input DACA/DACB determines which
DAC is loaded. The ‘“‘load”” cycle of the

N PACKAGE
(TOP VIEW)
AGND (v W20l outs
OUTA ]2 19[] RFBB
RFBA (|3 18[] REFB
REFA[Ja  17[Jvpp
DGND [|s 16[ ] WR
DACA/DACB[J6  15[]CS
(MsB) DB7 []7 14| 1 DBO (LSB)
DB6 [Je  13[])DB1
pBs[Js  12[]pB2
DB4 [J1o  11[]DB3
FN PACKAGE
(TOP VIEW)
<< Qoqg
e
85558
OO«
2

DACA/DACB
(MSB)DB7
DB6

® w O O b

9

O g MmN —
mmooa
ooooo

14G

REFB
VbD

WR

cs
DBOI(LSB)

AD7628 is similar to the “write’’ cycle of a random-access memory, allowing easy interface to most popular
microprocessor busses and output ports. Segmenting the high-order bits minimizes glitches during changes
in the most significant bits, where glitch impulse is typically the strongest.

The AD7628 operates from a 10.8-V to 15.75-V power supply and is TTL-compatible over this range.
Power dissipation is less than 15 mW. Excellent 2- or 4-quadrant multiplying makes the AD7628 a sound
choice for many microprocessor-controlled gain-setting and signal-control applications.

The AD7628B is characterized for operation from —25°C to 85°C. The AD7628K is characterized for

operation from 0°C to 70°C.

AVAILABLE OPTIONS

SYMBOLIZATION OPERATING
DEVICE PACKAGE| TEMPERATURE
SUFFIX RANGE
AD7628B FN, N —25°C to 85°C
AD7628K FN, N 0°C to 70°C

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCT PREVIEW information concerns products
in the formative or design phase of development.

hid

Characteristic data and other specifications are design TEXAS
als. Texas Instruments reserves the right to change
g:‘ discontinue these products witlnmtg notice. o lNST RUMENTS

POST OFFICE BOX 655012 = DALLAS, TEXAS 75265

Copyright © 1989, Texas Instruments Incorporated
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AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

functional block diagram

< (14
Beo 12! REFA
(a3 ) resa
e (12) () I 5
T an 8 e 2 outa
DATA —1 INPUT 7“—{LatcH | 5
iNpuTS Sy o 194 uFFER > A 7] PAcA
o (9
8) .
o87 (7) o aanD
I——————“B’ RFBB
(6) 8 L 200 5 rg
DACA/DACB — 7#—{LatcH| 8
wr 18! LOGIC . B 7 DAC B
— (15) | CONTROL e
TS5 —

w

|(13)
operating sequence
v
g- F——I ‘su(CS)—"—"."| »-thics)
g X '
- je———tsubac)————dle——}-thipAC)
vl |

I
DACA/DACB N |

je—twiwr—»

:

)

3
@
<
®
s
*

%

F—‘su(D)—*ﬂ-‘h‘D)
DBO-DB7 x DATA IN STABLEK
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AD7628

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

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

Supply voltage, Vpp (to AGND or DGND) . . .. ... ot -03Vto17V
Voltage between AGND and DGND . . . . . ... ... . e +VDpD
Input voltage, VI (to DGND) .. ... ... ... ... ... . .. . ... ... -0.3VtoVpp+0.3V
Reference voltage, ViefA or ViefB (to AGND) . . . . .. ... e +25V
Feedback voltage, VRFBA or VRFBB (to AGND) . .. ... ... ... ... ... ... .. ....... +25V
Output voltage, VOA or VOB (1o AGND) . . . ... e +25V
Peak input current . . . .. ... 10 pA
Operating free-air temperature range: AD7628B .. ........................ —-25°C to 85°C

AD7628K . ... ... ... 0°C to 70°C
Storage temMpPerature range . . ... ... v vttt iu ittt 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

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp 10.8 15.75 \%
Reference voltage, ViefA or ViefB +10 \
High-level input voltage, V|4 2.4 \%
Low-level input voltage, V|| 0.8 \
—
CS setup time, tgy(CS) 50 ns
CS hold time, th(cs) 0 ns
DAC select setup time, tsy(DAC) 50 ns
DAC select hold time, th(pAC) 10 ns
Data bus input setup time tsu(D) 25 ns
Data bus input hold time th(p) o] ns
Pulse duration, WR low, tw(WR) 50 ns
. X AD7628B -25 85 o
Operating free-air temperature, Ta AD7628K o 70 C

xas W
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AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended ranges of operating free-air temperature and Vpp.
VrefA = VriefB = 10 V, VOA and VOB at O V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Full Range 10
| High-level i t Vi =V A
H igh-level input curren | DD 35°C 7 o
Full R -1
he Low-level input current Vi=0 uzsfgge _? uA
Reference input impedance
8 15 k2
(Pin 15 to GND)
OUTA DAC data latch loaded with Full Range +200
| Outout leakade . 00000000, Vigfa = £10 V 25°C +50 A
utpu curren n
kg P 9 oute DAC data latch loaded with Full Range +200
00000000, Vigig = 10V 25°C +50
Input resistance match
+1%
(REFA to REFB)
DC supply sensitivity Full Range 0.02
AVpp = 5% %/ %
Again/AVpp oD 25°C 0.01 !
Quiescent DBO-DB7 at Vjymin or V) max 1
Ipp Supply current Full Range 0.5 mA
tandb! DBO-DB7 at O V or V
3 Standby a or Vpp 255C o1
DBO-DB7 10
Ci  Input capacitance WR, CS, Vi = Oor Vpp 15 pF
) DACA/DACB
3 C Output capacitance DAC Data latches loaded with 00000000 25 F
o ° {OUTA, 0UTB) DAC Data latches loaded with 11111111 60 P
c
(2]
-
v
-
®
<.
2
(/]
%
3-6
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.AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

operating characteristics over recommended ranges of operating free-air temperature and Vpp,
ViefA = ViefB = 10 V, VoA and VOB at 0 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Linearity error +1/2 LSB
Setting time (to 1/2 LSB) See Note 1 100 ns
Gain error See Note 2 Full Range 3 LsB
25°C +2
AC feedthrough REFA to OUTA See Note 3 Full Range —65 dB
REFB to OUTB 25°C -70
Temperature coefficient of gain 0.0035 | %FSR/°C|
Propagau.on delay (from digital input to See Note 4 80 ns
90% of final analog output current)
Channel-to-channel [ REFA to OUTB See Note 5 25°C 80 B
isolation REFB to OUTA See Note 6 25°C 80
Measured for code transition from
Digital-to-analog glitch impulse area 00000000 to 11111111, 440 nVes
Ta = 25°C
Measured for code transition from
Digital crosstalk glitch impulse area 00000000 to 11111111, 60 nVes
TA = 25°C
Harmonic distortion Vi=6V,f=1kHz, T = 25°C -85 dB

NOTES: 1. OUTA, OUTB load = 100 2, Cext = 13 pF; WR and CS at 0 V; DBO-DB7 at O V to Vpp or Vpp to O V.
Vref — 1 LSB. Both DAC latches

2. Gain error is measured using an internal feedback resistor. Nominal Full Scale Range (FSR) =

are loaded with 11111111,

. VriefA = 20 V peak-to-peak,
. ViefB = 20 V peak-to-peak,

o0 hw

principles of operation

. Vyief = 20 V peak-to-peak, 10-kHz sine wave.
. ViefA = Vyefg = 10 V; OUTA/OUTB load = 100 2, Cext = 13 pF; WRand CS at 0 V; DBO-DB7 at O V to Vpp or Vpp to O V.

10-kHz sine wave; Viefg
10-kHz sine wave; Vigfa

won

0.
0.

The AD7628 contains two identical 8-bit multiplying D/A converters, DACA and DACB. Each DAC consists
of an inverted R-2R ladder, analog switches, and input data latches. Binary-weighted currents are switched
between DAC output and AGND, thus maintaining a constant current in each ladder leg independent of
the switch state. Most applications require only the addition of an external operational amplifier and voltage
reference. A simplified D/A circuit for DACA with all digital inputs low is shown in Figure 1.

Figure 2 shows the DACA equivalent circuit. A similar equivalent circuit can be drawn for DACB. Both
DACs share the analog ground pin 1 (AGND). With all digital inputs high, the entire reference current flows
to OUTA. A small leakage current (lkg) flows across internal junctions, and as with most semiconductor
devices, doubles every 10°C. Cg is due to the parallel combination of the NMOS switches and has a value
that depends on the number of switches connected to the output. The range of Cq is 25 pF to 60 pF
maximum. The equivalent output resistance ro varies with the input code from 0.8R to 3R where R is
the nominal value of the ladder resistor in the R-2R network.

Interfacing the AD7628 to a microprocessor is accomplished via the data bus, CS, WR, and DACA/DACB
control signals. When CS and WR are both low, the AD7628 analog output, specified by the DACA/DACB
control line, responds to the activity on the DBO-DB7 data bus inputs. In this mode, the input latches are
transparent and input data directly affects the analog output. When either the CS signal or WR signal
goes high, the data on the DBO-DB7 inputs is latched until the CS and WR signals go low again. When
CS is high, the data inputs are disabled, regardless of the state of the WR signal.

The digital inputs of the AD7628 provide TTL compatibility when operated from a supply voltage of 10.8 V
to 15.75 V. Power dissipation is a low 10 mW within this range.

Texas "4‘
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AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

2R

R
FAN—— RFBA
OUTA

AGND

DACA DATA LATCHES
AND DRIVERS

FIGURE 1. SIMPLIFIED FUNCTIONAL CIRCUIT FOR DACA

RFBA

w

FIGURE 2. AD7628 EQUIVALENT CIRCUIT, DACA LATCH LOADED WITH 11111111.

)
-
o
g- MODE SELECTION TABLE
Q DACA/ | _.
-+ ACA! | =5 | WA | paca | DACB
- DACB
- L L | L | WRITE | HOLD
‘<° H L] L | How | wriTE
o X H | x | HoLD | HOLD
s X x | H | HOLD | HOLD
» L = low level, H = high level, X = don’t care
1

3-8
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AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

The AD7628 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations
for 2-quadrant and 4-quadrant multiplication are shown in Figures 3 and 4. Input coding for unipolar and
bipolar operation are summarized in Tables 1 and 2, respectively.

Vi(A)
+10 V

R1 (See Note 1) R2 (See Note 1)

RFBA < 15
(17) —_————— — M ¢
V — — — — w— o— — | - c—
oo oso REFA M C1 (See Note 2)
—t— s 8 outa |
. . INPUT 8 =
el BUFFER #» LatcH |4»] paca ] LVOA
] Aawol | |,
(7) DB7 T
- | ;=
DACA/ | R4 (See Note 1)
RFBB
(6) lDACB r e
(15) /| CS CONTROL * | C2 (See Note 2)
(16) 'wR LoGic 8 8 OuTs
Lepd LATCH DACB |
(5) _ -Vog
DGND AGND |
REFB

= AGND
R3 (See Note 1)

RECOMMENDED TRIM ViB)
RESISTOR VALUES 10V
R1, R3 500 Q
R2, R4 150 Q

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table for recommended values. Make gain adjustment
with digital input of 255.
2. C1 and C2 phase compensation capacitors (10 pF to 15 pF) are required when using high-speed amplifiers to prevent ringing
or oscillation.

FIGURE 3. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

Texas {ﬂ’
INSTRUMENTS
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AD7628

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

Vi(a)
+10V
= R6 (See Note 2)
4 AM-
20 kQ

R1 (See Note 1)

R2 (See Note 1)

AAA—O-
W

an — e - — — —— ——— — o e | o] — I (See
Voo 7z oo REFA Cl(see Note 31| \ ) RS
] 8 8 \ R7 20 k@
e INPUT <»] LATCH |4 A1 o N
PO BUFFER | AGND M4
R N 10 kQ A2 Voa
{7) | DB7 } I T I R11 R
l——— =
DACA/ l RFBA| | R4 (See Note 1) 5 k@

© lDACB l—__~ | (See

s lcs | conTroL v ouTs| | C2(See Note 31| R8

(16) | WR LOGIC 8 8 Ro

o Lo LaTCH DACB |
DGND[— | 10 k0 v

= ____._______|EFB —_—— os

3 = AGND See Note 2)
/5 R3 (See Note 1} ¢ e R12
RECOMMENDED TRIM A 5 kQ
RESISTOR VALUES +10V 20 kQ =
R1, R3 500 Q Vig)
R2, R4 150 Q

NOTES: 1. R1, R2, R3, and R4 are used only if gain adjustment is required. See table in Figure 3 for recommended values. Adjust R1

for VoA = O V with code 10000000 in DACA latch. Adjust R3 for Vog = O V with 10000000 in DACB latch.
2. Matching and tracking are essential for resistor pairs R6, R7, R9, and R10.
3. C1 and C2 phase compensation capacitors (10 pF to 15 pF) may be required if A1 and A3 are high-speed amplifiers.

FIGURE 4. BIPOLAR OPERATION (4-QUADRANT OPERATION)

TABLE 1. UNIPOLAR BINARY CODE

DAC ;«\sgcu cg;:surs ANALOG OUTPUT
IEEEEREE] ~V; (255/256)
10000001 —V; (129/256)
10000000 —Vj (128/256) = —Vy/2
01111111 - V; (127/256)
00000001 - Vi (1/256)
00000000 —V; (0/256) = 0

t11sB = (2-8)y;

TABLE 2. BIPOLAR (OFFSET BINARY) CODE

bac nL:sTBCH CL(;’;IENTS ANALOG OUTPUT
1111111 Vi (127/128)
10000001 Vi (1/128)
10000000 oV
01111111 -Vj (1/128)
00000001 -V (127/128)
00000000 —-V; (128/128)

F118B = (2-7);

Texas {'f
INSTRUMENTS
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AD7628
Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

TYPICAL APPLICATION DATA

microprocessor interface information

N
AB-A1S ADDRESS BUS > ]

A

7
> DACA/DACB
cpu ADDRESS | A
soon DECODE Ts
LOGIC AD7628

A+1
> WR
y \ l AN [v]:0)
WR .
7 |DB7
ALE P» LATCH
ADO-AD7 DATA BUS > l

NOTE: A = decoded address for AD7628 DACA.
A+1 = decoded address for AD7628 DACB.

FIGURE 5. AD7628 — INTEL 8051 INTERFACE

AN
A8-A15 ADDRESS BUS > J

A

7
A - DACA/DACB
ADDRESS
VMA DECODE I@—Do— s
LOGIC AD7628
WR

Product Previews m

cPU A+1 -
6800 >
\]oBo
(]
} 8
7
2 DB7
AN
DO-D7 DATA BUS > j
7

NOTE: A = decoded address for AD7628 DACA.
A+1 = decoded address for AD7628 DACB.

FIGURE 6. AD7628 — 6800 INTERFACE

{i’
XAS 3-11
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AD7628

Advanced LinCMOS™ DUAL 8-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTER

voltage-mode operation

TYPICAL APPLICATION DATA

The AD7628 current-multiplying D/A converter can be operated in a voltage mode. In the voltage mode,
a fixed voltage is placed on the current output pin. The analog output voltage is then available at the reference
voltage pin. An example of a current-multiplying D/A converter operating in voltage mode is shown in
Figure 7. The relationship between the fixed input voltage and the analog output voltage is given by the

following equation:

Analog output voltage = fixed input voltage (D/256)

where D = the digital input. In voltage-mode operation, the AD7628 meets the following specification:

LINEARITY ERROR

TEST CONDITIONS

TYP MAX UNIT

Analog output voltage for REFA, B

Vpp = 12V, OUTA or OUTB = 56V, Tp = 0°C to 70°C

1 LSB

REF
(Analog
output
voltage)

o R
-
Qo l
% @ < OUT (Fixed input
(9] voltage)
- L 2 AGND
3 h
S, FIGURE 7. CURRENT-MULTIPLYING D/A CONVERTER OPERATING IN VOLTAGE MODE
®
s
(7]
i

312 TExas
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TL5501
6-BIT ANALOG-TO-DIGITAL CONVERTER

D3163, OCTOBER 1988

6-Bit Resolution N PACKAGE

(TOP VIEW)
0.8% Linearity

. . (tse) po[Jr Ue[lGND
® Maximum Conversion Rate . . . 25 MHz TYp D12 15[JDGTL Ve
20 MHz Min p2[]s  1af]ANLG Ve
® Analog Input Voltage Range . . . D3[]4 13[JREFB
VectoVee -2V D4[]5  12[JANLG INPUT
. (MsB) Ds[]6  11[JREFT
® Analog Input Dynamic Range . . . 1V ck 7 10[JANLG Vee
® TTL Digital I/O Level GND[]s 9[]DGTL Vcc
® Low Power Consumption . . . 200 mW Typ
® 5-V Single-Supply Operation
® Interchangeable with Fujitsu MB40576

description

The TL5501 is a low-power ultra-high-speed video-band analog-to-digital converter that uses the Advanced
Low-Power Schottky (ALS) process. It utilizes the full-parallel comparison (flash method) for high-speed
conversion. It converts wide-band analog signals (such as a video signal) to a digital signal at a sampling
rate of dc to 25 MHz. Because of such high-speed capability, the TL5501 is suitable for digital video
applications such as digital TV, video processing with a computer, or radar signal processing.

w

Product Previews

The TL5501 is characterized for operation from 0°C to 70°C.
functional block diagram
CLK '\\ -
ANLG INPUT L
REFT
1 \ EN
D5 (MsSB)
D4
p
2
| D3
63-T0-6 LATCH
I I AND
-~ = ENCODER
f BUFFER D2
R
p 62
D1
R DO (LSB)
63
R
REFB
PRODUCT PREVIEW documents contain information . Copyright © 1988, Texas Instruments Incorporated
on products in the formative or design phase of y
development. Characteristic data and other TEXAS
specifications are design goals. Texas Instruments 3-13

reserves the right to change or discontinue these lNS’rRUMEN’rS

products without notice.
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TL5501
6-BIT ANALOG-TO-DIGITAL CONVERTER

equivalents of analog input circuit

ANLG Vco _——— ANLG Vcc

Vi Vi—4¢

__.P_
o
AL

ND
ANLG G (See Note A)

w

NOTE A: Cj — nonlinear emitter-follower junction capacitance
Rj — linear resistance model for input current transition caused by comparator switching. V| < Vefg: Infinite; CLK high: Infinite.
Vyefg — Vvoltage at REFB terminal
Ipias — constant input bias current
D - Base-collector junction diode of emitter-follower transistor

v
)
@ equivalent of digital input circuit
c
0
-
v

DGTL Vge

3
®
<
®
g
»

— OUTPUT

Vief = 1.4V
vi

GND —

3-14 Texas %
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TL5501
6-BIT ANALOG-TO-DIGITAL CONVERTER

FUNCTION TABLE

step | ANALOG INPUT | DIGITAL OUTPUT
VOLTAGE? CODE
0 3.992 vV LLLLLL
1 4.008 V LLLLLH
| l l
31 4.488 V L H H
32 4.508 V HLLLLL
33 4.520 V HLLLLH
| | |
62 4.984 v HHHHHL
63 5.000 V HHHHHH

T These values are based on the assumption that
Vyefg and ViefT have been adjusted so that the
voltage at the transition from digital 0 to 1 (VzT)
is 4.000 V and the transition to full scale (VFT) is
4.992 V. 1LSB = 16 mV.

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

Supply voltage range, ANLG VCC -« v oo it e e e e e e e -0.5Vto7V 3
Supply voltage range, DGTL VCC - - - -« o o v vt e -05Vto7V
Input voltage range at digital input, V| . ...... ... .. ... ... ... L -05Vto7V
Input voltage range at analog input, V| .................... ... —-0.5 Vto ANLG Vcc+0.5VvV @0
Analog reference voltage range, Vief. . . ... ... oo —0.5 V to ANLG Vcc+0.5 V ;
Storage temperature range . . ... . ... ..o v ittt e -55°C to 150°Cc @
Operating free-air temperature range . . . ... ... ... 0°C to 70°C 2
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. .. ... ................ 260°C g:’
recommended operating conditions "6
MIN NOM MAX UNIT .g
Supply voltage, ANLG Ve 4.75 5 5.25 \" [
Supply voltage, DGTL V¢ 4.75 5 6.25 E
High-level input voltage, V|H 2 \
Low-level input voltage, V)i 0.8 \
Input voltage at analog input, V| (see Note 1) 4 5 \
Analog reference voltage (top side), ViefT (see Note 1) 4 5 5.1 \4
Analog reference voltage (bottom side), Viefg (see Note 1) 3 4 4.1 \
High-level output current, lon -400 pA
Low-level output current, g 4 mA
Clock pulse duration, high-level or low-level, t\y 25 ns
Operating free-air temperature, T (o] 70 °C

NOTE 1: Viefg < V| < VyefT, VrefT — ViefB = 1V £ 0.1 V.

TExas {5’ ' 315
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TL5501
6-BIT ANALOG-TO-DIGITAL CONVERTER

electrical characteristics over operating supply voltage range, TA = 25 °C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT

Iy Analog input current ViZbV 75 rA
V=4V 73

IiH Digital high-level input current Vi =27V 0o 20 rA
1% Digital low-level input current Vi =04V -40 -400 A
Iy Digital input current Vi=7V 100 uA
lrefg  Reference current Viefg = 4V -4 -7.2 mA
lrefT  Reference current ViefT = 5V 4 7.2 mA
VoH High-level output voltage loH = —400 pA 2.7 \
VoL Low-level output voltage loL = 1.6 mA 0.4 \
ri Analog input resistance 100 kQ
Cj Analog input capacitance 35 65 pF
Icc Supply current 40 60 mA

operating characteristics over operating supply voltage range, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
EL Linearity error +0.8 | %FSR

fmax Maximum conversion rate 20 25 MHz
t4 Digital output delay time See Figure 3 15 30 ns

timing diagram

W

)
é- —twH—l——twL—P|
| | |
g CLK { Sk { \
- | Sample 1 < . | |
N | v | N+2
o ANALOG | N+1 |
3 INPUT l ' L ! | l
<.
: s
»
v XE X" XET
{/

3-16 Texas
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TL5501

6-BIT ANALOG-TO-DIGITAL CONVERTER

TYPICAL CHARACTERISTICS

IDEAL CONVERSION CHARACTERISTICS

11111 — 63
See Note 2
111110 62
j
111101 61
T
. 27 Jve
@ ° # T .
g . / | o
© 100001 VET = VFs -| 33
2 1/2 LSB
£ 100000 32
° vzr |
T 011111 [vyg+1/2 LSB 13
2 [ L .
. | .
Vzs 1 |
000010 // | 2
000001 : 1
000000 - ; 0
N 2] < 0 < o [+ ] [=]
g:. 8 g eee g 8 S‘, eee 8 8 gg
L I ¢ o < <+ < aw
<
V|—Analog Input Voltage—V
FIGURE 1
END-POINT LINEARITY ERROR
11111 J/ 63
111110 62
L
111101 'l) 161
WleELe1
o o - < =
'g . lr Ve | .
© 100001 |33
5 u)‘! WEL33 | |
£ 100000 32
3 J:Z WrEL32 !
s 011111 (%3 131
=4 o -E 31
T : , [
] . 1 I | .
1
|
000010 , 2
! HEL2 {
000001 1
I/»‘ﬂ Wl-EL1 |
000000 Lo

V|—Analog Input Voltage—V

FIGURE 2

Product Previews n

NOTE 2: This curve is based on the assumption that Viefg and V efT have been adjusted so that the voltage at the transition from

digital 0 to 1 (VzT) is 4.000 V and the transition to full scale (VFT) is 4.992 V. 1 LSB = 16 mV.

TeExas *’:‘

INSTRUMENTS

POST OFFICE BOX 655012 « DALLAS, TEXAS 75265

3-17



SMaINaid 10Npoid m

TL5501
6-BIT ANALOG-TO-DIGITAL CONVERTER

PARAMETER MEASUREMENT INFORMATION

MEASUREMENT
POINT Vce

(D5)

T0
DIGITAL ¢——4

OUTPUT

CL = 15 pF =<

q

FIGURE 3. LOAD CIRCUIT

3-18
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TL5601
6-BIT DIGITAL-TO-ANALOG CONVERTER

D3154, OCTOBER 1988

6-Bit Resolution
® +0.8% Linearity

Maximum Conversion Rate . . . 30 MHz Typ
20 MHz Min

® Analog Output Voltage Range . . . VcC

toVee -1V
TTL Digital Input Voltage

5-V Single-Supply Operation

description

Low Power Consumption . . . 200 mW Typ

Interchangeable with Fujitsu MB40776

N PACKAGE
(TOP VIEW)
DGTL Vee E 1 GND
comp (]2
RerF (3 D1
ANLG Ve 4 D2
AOUT E 5 D3
ANLG Vce U8 D4
DGTL Vee 7
GND 8 CLK

D5 (MSB)

The TL5601 is a low-power ultra-high-speed video digital-to-analog converter that uses the Advanced Low-
Power Schottky (ALS) process. It converts digital signals to analog signals at a sampling rate of dc to

20 MHz. Because of such high-speed capability, the TL5601 is suitable for digital video applications such

as digital television, video processing with a computer, and radar signal processing.

The TL5601C is characterized for operation from 0°C to 70°C.

functional block diagram

w

2
2
9 >
ok —2 >— o
MASTER 6 6 (5) [« W
SLAVE # BUFFER CURRENT | , | RESISTOR} & , oyt
Do 6 6 REGISTER SWITCH NETWORK ‘6
THROUGH —— 3
D5 T
(=)
e
a.
(2) 3
CompP REF
FUNCTION TABLE
STEP DIGITAL INPUTS OUTPUT
D5 D4 D3 D2 D1 DO VOLTAGE?
(o] L L L L L L 3.992 v
1 L L L L L H 4.008 V
i ;
31 L H H H H 4,488 V
32 H L L L L L 4.504 V
33 H L L L L H 4.520 V
i i
62 H H H H H L 4.984 V
63 H H H H H H 5.000 V
TFor Vec = 5V, Vief = 3.976 V
PRODUCT PREVIEW documents contain information . Copyright © 1988, Texas Instruments Incorporated
on products in the formative or design phase of v/}
development. Characteristic data and other EXAS
specifications are design goals. Texas Instruments 3-19
reserves the right to change or discontinue these lNSTRUMENTS
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TL5601
6-BIT DIGITAL-TO-ANALOG CONVERTER

schematics of equivalent input and output circuits

EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT
DGTL V¢c —_——— —_——— ANLG Vcc
25 kQ - 25 kQ 80 2
— AOUT
!
) REF —_— GND

@l

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

Supply voltage range, ANLG VCC, DGTLVCC -+t vt i et e -0.5Vto7V
Digital input voltage range, V| .. ......... ... . ... .. ... -05Vto7V
Analog reference voltage range, Vigf. . .. .o oo oot i 3.8Vt Vgec +0.5V
Operating free-air temperature range . . . . ............... . 0°C to 70°C
Storage temperature range . .. ... ... ... —-55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds . . . ... ................ 260°C

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.75 5 5.25 \
Vief  Analog reference voltage (see Note 1) 3.8 4 4.2 \
VIH High-level input voltage 2 v
ViL Low-level input voltage 0.8 \
tw Pulse duration, CLK high or low 25 ns
tsu Setup time, data before CLK1T 12.5 ns
th Hold time, data after CLK? 12.5 ns
Ccomp Phase compensation capacitance (see Note 2) 1 uF
TA Operating free-air temperature (o] 70 °C

NOTES: 1. Vief must be within 1.2 V of Vcc.
2. This capacitor should be connected between comp and GND.

3-20 TeExas Q’
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TL5601
6-BIT DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | uNIT
1] Input current at maximum input voltage V=7V (o] 100 nA
|4 High-level input current V) =27V 0 20 uA
it Low-level input current V=04V —-40 -400 pA
Iref Input reference current Vief = 4V 10 rA
Vgsg Full-scale analog output voltage Vee = 5V, Vet = 3.976 V, Vec-15  Vee Vec+15] mv

Vzs Zero-scale analog output voltage Io = 0 (no load) 3.932 3.992 4.052 \
ro  Output resistance Ta = 25°C 70 80 90 Q
Icc Supply current Vief = 4.06 V 48 65 mA

operating characteristics over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYP' MAX | UNIT
EL Linearity error +0.8 | %FSR
fmax Maximum conversion rate 20 30 MHz

TAll typical values are at Vee = 5V, Vigf = 4V, Ta = 25°C.

(V)

PARAMETER MEASUREMENT INFORMATION
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FIGURE 1. VOLTAGE WAVEFORMS
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TL5601

6-BIT DIGITAL-TO-ANALOG CONVERTER

SMB3IABId 19npoid m

TYPICAL CHARACTERISTICS
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FIGURE 2. IDEAL CONVERSION CHARACTERISTICS
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FIGURE 3. END-POINT LINEARITY ERROR

3-22

xas W

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TL5602

8-BIT DIGITAL-TO-ANALOG CONVERTER

D3094, SEPTEMBER 1988

® 8-Bit Resolution

+0.2% Linearity

Maximum Conversion Rate . . . 30 MHz Typ
20 MHz Min

® Analog Output Voltage Range . . . Vcc

toVee -1V
TTL Digital Input Voltage
5-V Single-Supply Operation

description

Low Power Consumption . . . 250 mW Typ
Interchangeable with Fujitsu MB40778

N PACKAGE
{TOP VIEW)
G6ND 01 Unre[Jpo (LsB)
DGTL vCCEz 17[]D1
comp[s  1e[]D2
REF []a 15%03
ANLG Ve [Js  14[]D4
AOUT[]e  13[]DS
ANLG Vcc[7  12[]D6
DGTL Vcc [ 11[)D7 (MSB)
GND[]e 1o[]cCLK

The TL5602 is a low-power ultra-high-speed video digital-to-analog converter that uses the Advanced Low-
Power Schottky (ALS) process. It converts digital signals to analog signals at a sampling rate of dc to
20 MHz. Because of such high-speed capability, the TL5602 is suitable for digital video applications such
as digital television, video processing with a computer, and radar signal processing.

The TL5602C is characterized for operation from 0°C to 70°C. .

functional block diagram

(10)
CLK——D—‘
MASTER | 8 8 8 ©
SLAVE y BUFFER | | CURRENT } , 1 RESISTOR AouT
s s | recisTen SWITCH NETWORK
DO-D7
(3) (4)
COMP  REF
FUNCTION TABLE
TP DIGITAL INPUTS OUTPUT
D7 D6 D5 D4 D3 D2 D1_ DO | VOLTAGE!
o | L L C L L t t© 3.980 V
Tt oL LoLoLLL 3.984 V
t
i i i
127 | L H H H H 4.488 V
1286 H L L L L L L L 4.492 V
129 0 H L L L L L L H 4.496 V
[}
i i i
254 | H H H H H H H L 4.996 V
255 | H H H H H H H H 5.000 V

TFor Vgg = 5 V, Vief = 3.976 V

Product Previews n

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.
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TL5602
8-BIT DIGITAL-TO-ANALOG CONVERTER

schematics of equivalent input and output circuits

EQUIVALENT OF EACH DIGITAL INPUT EQUIVALENT OF ANALOG OUTPUT
DGTL Ve _ _ ANLG Ve
25 kQ . 25 kQ 80 0
- AOUT
i
V) 14V - GND

@l

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

Supply voltage range, ANLG VCC, DGTLVCC + -+ v v v it e i et e e s -0.5Vto7V
Digital input voltage range, V| . .. ... ..ttt -0.5Vto7V
Analog reference voltage range, Vigf. . . ..o oo oo 3.8V toVce +0.5V
Operating free-air temperature range . . . . . . ... ...ttt e 0°C to 70°C
Storage temperature range . . .. ... .. i vttt e —-55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. .. ................... 260°C

recommended operating conditions

MIN NOM MAX | UNIT
Vcc  Supply voltage 4.75 5 5.25 \
Vief  Analog reference voltage (see Note 1) . 3.8 4 4.2 \
VIH High-level input voltage 2 v
Vi Low-level input voltage 0.8 \
tw Pulse duration, CLK high or low 25 ns
tsu Setup time, data before CLK?T 12.56 ns
th Hold time, data after CLK? 12.5 ns
Ccomp Phase compensation capacitance (see Note 2) 1 uF
TA Operating free-air temperature 0 70 °C

NOTES: 1. Vcc — Vief = 1.2V
2. This capacitor should be connected between COMP and GND.

324 TeExAs Q’
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TL5602

8-BIT DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT MAX | unIT
Iy Input current at maximum input voltage Vee = 56.25V,V =7V 0 100 A
iy High-level input current Vee = 5.26V, V| = 2.7V 0 20 A
i Low-level input current Vce = 5.25V, V) =04V -40 -400 kA
Iref Input reference current Vief = 4V 10 uA
VEg Full-scale analog output voltage Vge = 5V, Vigt = 3.976 V, Vee-15  Vee Vec+15) mv
Vzg Zero-scale analog output voltage lo = O (no load) 3.919 3.980 4.042 \
ro  Output resistance Ta = 25°C 70 80 90 Q
Icc  Supply current Vief = 4.05 V 50 75 mA

TAll typical values are at Vee = 5V, Viegf = 4V, Tp = 256°C

operating characteristics over recommended ranges of supply voltage and operating free-air temperature

PARAMETER

TEST CONDITIONS

MIN TYP MAX

UNIT

EL Linearity error

+0.2

%FSR

fmax Maximum conversion rate

20 30

MHz

W

PARAMETER MEASUREMENT INFORMATION

K——‘su——’:‘—‘h—”
| |

DO-D7

| L |
Xso% || X%%

| | |
CLK 50% 50%

AOUT

H——‘w———’lﬁ——(w——ﬂ

|
|
[—tpd —i

I

|

|

I 50%

| |
|

|

FIGURE 1. VOLTAGE WAVEFORMS
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TL5602

8-BIT DIGITAL-TO-ANALOG CONVERTER

SM3INaid 19Npoid m

Vo —Output Voltage—V

5.000
4.996

4.496
4.492
4.488

3.988
3.984
3.980

TYPICAL CHARACTERISTICS

Vyef = 3.976 V

(XX} (X X1

© 00000000
= 00000001
N 00000010
01111111
10000000
10000001

127 128 129
Digital Input Code

11111110
11111111

254 255

FIGURE 2. IDEAL CONVERSION CHARACTERISTICS
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FIGURE 3.
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END-POINT LINEARITY ERROR
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TLC542M, TLC5421
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

D3194, FEBRUARY 1989

e LinCMOS™ Technology
o 8-Bit Resolution A/D Converter
o Microprocessor Peripheral or Stand-Alone

Operation

e On-Chip 12-Channel Analog Multiplexer

o Built-In Self-Test Mode

o Software-Controllable Sample and Hold

e Total Unadjusted Error... +0.5 LSB Max

¢ Direct Replacement for Motorola MC145041
e On-Board System Clock

e End-Of-Conversion (EOC) Output

e Pinout and Control Signals Compatible with

TLC540 and TLC1540 Family of 10-Bit A/D
Converters

TYPICAL PERFORMANCE

Channel Acquisition/Sample Time 1.6 us

Conversion Time 20 ps

Samples per Second 25 x 103

Power Dissipation 10 mW
description

The TLC542 is a LInCMOS™ A/D peripheral built
around an 8-bit switched-capacitor successive-
approximation A/D converter. The device is
designed for serial interface to a microprocessor
or peripheral via a 3-state output with three inputs
(including 1/O Clock, Chip Select (CS), and
Address Input). The TLC542 allows high-speed
data transfers and sample rates of up to 40,000

INPUT A3
INPUT A4
INPUT A5
INPUT A6
INPUT A7

N PACKAGE
(TOP VIEW)

INPUT Ao [t U2o

INPUT A3

INPUT A4
INPUT A5

INPUT A1
INPUT A2

INPUT A6
INPUT A7
INPUT A8

GND

© ® N g b WwN

o

19,
18
17
16
15
14
13
12]
1

%Vcc

EOC

[]1/0 CLOCK

] ADDRESS INPUT
[]DATA OUT
[1¢s

[ ] REF +

') REF —

[] INPUT A10
[JINPUT A9

FN PACKAGE
(TOP VIEW)

N -
<<
=
> D
aa
zz

W~ ;b

INPUT A8 J©
GND

AO

INPUT
Vce
EOC

[N]

INPUT A10

18[] 1/0 CLOCK
17[] DATA IN
16 ] DATA OUT
15[} CS

14[] REF +

W

Product Previews

samples per second. In addition to the high-speed converter and versatile control logic, an on-chip
12-channel analog multiplexer can sample any one of 11 inputs or an internal "self-test" voltage, and the
sample-and-hold is started under microprocessor control. At the end of conversion, the End-Of-Conversion
(EOC) output pin goes high to indicate that conversion is complete. Detailed information on interfacing to
most popular microprocessors is readily available from the factory.

The converter incorporated in the TLC542 features differential high-impedance reference inputs that facilitate
ratiometric conversion, scaling, and isolation of analog circuitry from logic and supply noises. A switched-
capacitor design allows low-error (=0.5 LSB) conversion in 20 us over the full operating temperature range.

The TLC542 is available in both the N and FN plastic packages. The TLC542M is characterized for operation
from —55°C to 125°C, and the TLC542I is characterized for operation from ~40°C to 85°C.

LinCMOS is a trademark of Texas Instruments Incorporated.

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.

XAS ‘l@
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265

Copyright © 1989, Texas Instruments Incorporated

3-27



TLC542M, TLC542I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

functional block diagram

REF + REF —

\

8-BIT

(— SAMPLE . ANALOG-TO-DIGITAL

— > AND o CONVERTER

— HoLD [ (SWITCHED-CAPACITORS)

8
12-CHANNEL [
A"Aw: < ANALOG
INPUT MULTIPLEXER output | g | 8701 DATA DATA
DATA > SELECTOR AND |— o\ 1put
REGISTER DRIVER

— a INPUT

— '« 1 ADDRESS Yy v i A A

Q REGISTER o)

4 CONTROL LOG!
SELF-TEST 4] R ic
3 REFERENCE > AND 1/0
COUNTERS
ADDRESS R INPUT 2,
) INPUT e MULTIPLEXER >
-
(=] [ (]
4
g' 1/0 R 4
H cLOCK >
” —_—
-0 cs >
EOC

SMBD3IN3I
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TLC542M, TLC542|
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

operating sequence

o lrlzlalalslslals |11zlslalslelrls
CLOCK —of | M ' DON'T_4 ., CARE / ! :
ACCESS
tsu(A)—ﬂ "_CYCLE B-H : : I‘—(conv—ﬂ k—gfgf:(s:—ﬂ H—-—tacq—"

! l
tsu(cs)—e—bl (see Note 2) ¢ tacq | ”
—p  —12 INTI:RNAL SYSTEM CLOCKS < 12 pus

g gt -
L
|
—
l
|
I

¥ 1
: K—‘wH(CS)—IN

ADDRESS
INPUT

&~
*»

|
| DON'T CARE DON'T CARE
EXEXEX o . XXX

|
|
y
|
! !
{ HI-Z
|
[}
|

l
oA L e XXX YN RN s T m@@@mmmm”“

I
: PREVIOUS CONVERSION DATA A |A7 | , -« CONVERSION DATA B
|
|

< +»
MSB LSB|MSB | IMSB LSB MSB
(see Note 2) t4(10 —EOC)—W |<—— —bl M—td(EOC—DATA)

l_..__.”__l L

teyel e 2

NOTES: 1. The conversion cycle, which requires 36 internal system clock periods, is initiated on the 8th falling edge of the I/O Clock after CS'
goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the I/O Clock must
remain low for at least 36 system clock cycles to allow conversion to be completed.

2. To minimize errors caused by noise at the chip select input, the internal circuitry waits for two rising edges and one falling edge of the
internal system clock after CS | before responding to control input signals. The CS setup time is given by the tsu(Cs) specifications.
Therefore, no attempt should be made to clock-in an address until the minimum chip select setup time has elapsed.
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TLC542M, TLC542I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

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

Supply voltage, VcC (see Note 3)
Input voltage range (any input)
Output voltage range
Peak input current range (any input)
Peak total input current (all inputs)

Operating free-air temperature: TLC542M

Storage temperature range

6.5V
-0.3VtoVgce +0.3V
-0.3VtoVce +0.3V
+20 mA
+30 mA
—55°C to 125°C

—40°C to 85°C
—65°C to 150°C

TLC542]

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 3: All voltage values are with respect to digital ground with REF— and GND wired together (unless otherwise noted).
recommended operating conditions, Vcc = 4.75Vto 5.5V
MIN  NOM MAX UNIT
Supply voltage, Vo 475 5 55 v
Positive reference voltage, VRerF+ (see Note 4) 25 Vge Ve + 01 \
Negative reference voltage, VReF— (see Note 4) 0.1 0 25 \"
Differential reference voltaae, VRer+ — VREF — (see Note 4) 1 Vee Veg +02 \
3 Analog input voltage (see Note 4) [} Vce "
High-level control input voltage, Vi 2 \
o Low-level control input voltage, Vi 0.8 \
- Setup time, address bits at data input before /O CLK 4, ts;y(a) 400 ns
8_ Hold time, id_dress bits after /0 CLK 1, th(A) 0 ns
c Hold time, CS low after 8th 1/0 CLK |, th(Cs) 0 ns
2 Setup time, CS low before clocking in first address bit, tsu(Cs) (see Note 2) 1.4 us
CS high during conversion, twH(CS) 17 us
? Input/Output clock frequency, fCLK(l/O) 0 1.1 MHz
2 Input/Output clock high, twH(1/0) 404 ns
c_D. Input/Output clock low, tw (1/0) 404 ns
E 1/O Clock transition time (see Note 5) foLk(/0) = 525 kHz 100 ns
& foLK(/0) > 525 kHz 40
Operating free-air temperature, Ta TLCS42M -5 125 °C
TLC542] -40 85
NOTES: 2. To minimize errors caused by noise at the chip select input, the internal circuitry waits for two rising edges and one falling edge of
the internal system clock after CS | before responding to control input signals. The CS setup time is given by the tsy(Cs)
specifications. Therefore, no attempt should be made to clock-in an address until the minimum chip select setup time has elapsed.

4. Analog input voltages greater than that applied to REF + convert as all ones (11111111), while input voltages less than that applied
to REF— convert as all zeros (00000000). For proper operation, REF+ must be at least 1V higher than REF~. Also, the total
unadjusted error may increase as this differential reference voltage falls below 4.75 V.

5. This is the time required for the clock input signal to fall from Vi min to Vj_max or to rise from Vji_max to V|4 min. In the vicinity of
normal room temperature, the devices function with input clock transition time as slow as 2 us for remote data acquisition
applications where the sensor and the A/D converter are placed several feet away from the controlling microprocessor.

TEXAS ‘t?
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TLC542M, TLC542I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

electrical characteristics over recommended operating temperature range,
Vcce = VREF+ = 4.75V to 5.5 V (unless otherwise noted), fCLK(I/O) = 1.1 MHz

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
VoH High-level output voltage (pin 16) Voo =4.75V, loH = —360 pA 2.4 )
VoL Low-level output voltage Vcec =475V, loL=16mA 0.4 \
oz Off-state (high-impedance state) Vo = VCC:__ CSatVgo 10 A
output current Vo =0, CSatVgce -10
iy High-level input current V| =Vce 0.005 2 MA
L Low-level input current V=0 -0.005 -25 MHA
Icc  Operating supply current CSatoV 1.2 2 mA
Selected channel at V¢, —-55°C to 125°C 1
Unselected channel at 0 V —40°C to 85°C 0.4
Selected channel leakage current Selocied chamnal at 0V, T55°C 101257 = HA
Unselected channe! at Vco ~40°C to 85°C -0.4
e gﬂuarr‘iaﬂtumtgtgtlizcrzinalog reference VREF+ = VGG, VREF- = GND 10 A
Cj Input capacitance g:::g I;F::ttss ; ?2 pF
T All typical values are at Ta = 25°C.
operating characteristics over recommended operating free-air temperature range,
Vcec = VREF+ = 4.75V1to 5.5V, fCLK(1/0) = 1 MHz
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Linearity error (see Note 7) +0.5 LSB
Zero error (see Note 8) See Note 6 +0.5 LSB
Full-scale error (see Note 8) See Note 6 *0.5 LSB
Total unadjusted error (see Note 9) +0.5 LsB
Self-test output code Input A11 address = 1011, | 01111101 10000011
See Note 10 (125) (131)
tconv Conversion time See operating sequence 20 Ms
teycle Total access and conversion cycle time See operating sequence 40 Mus
tacq Channel acquisition time (sample cycle) See operating sequence 16 s
ty Time output data remains valid after 1/O CLK | See Figure 5 10 ns
td(10-DATA) Delay time, 1/0 CLK | to data output valid See Figure 5 400 ns
td(10-EOC) Delay time, 8th /O CLK | to EOC } See Figure 6 500 ns
14(EOC-DATA) Delay time, EOC 4 to data out (MSB) See Figure 7 400 ns
tpzH. tPZL Delay time, CS | to data out (MSB) See Figure 2 3.4 us
tPHZ. tPLZ Delay time, CS 4 to data out See Figure 2 150 ns
rEOC) Rise time See Figure 7 100 ns
HEOC) Fall time See Figure 6 100 ns
tr(bus) Data bus rise time See Figure 5 300 ns
Yous) Data bus fall time See Figure 5 300 ns
NOTES: 6. Analog input voltages greater than that applied to REF + convert to all ones (11111111), while input voltages less than that applied

©~

©

to REF— convert to all zeros (00000000). For proper operation, REF+ must be at least 1 V higher than REF-. Also, the total
unadjusted error may increase as this differential reference voltage falls below 4.75 V.

Zero error is the, difference between 00000000 and the converted output for zero input voltage; full-scale error is the difference
between 11111141 and the converted output for full-scale input voltage.

Total unadjusted error is the sum of linearity, zero, and full-scale errors.

Both the input address and the output codes are expressed in positive logic. The A11 analog input signal is internally generated
and is used for test purposes.

. Linearity error i\z\\he maximum deviation from the best straight line through the A/D transfer characteristics.

w
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TLC542M, TLC5421
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

PARAMETER MEASUREMENT INFORMATION

Vece
14V 3 k0
3 k0 ouTPUT ouTPUT
UNDER TEST TEST POINT UNDER TEST TEST POINT
cL 3 k0 oL
OUTPUT TEST (see NOTE A) 7 (SEE NOTE A) 7]
UNDER TEST POINT = = =
CL
(SEE NOTE A) |
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
t4. t;. AND t¢ tpzH AND tpHz tpzL AND tpy 7

NOTE A: C| = 50 pF.
FIGURE 1. LOAD CIRCUITS

ADDRESS
s | 2v VALID l
08V { ! |

)]

| | 2V
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PZH. tPZL—4—Py : 0.8 V

Y
8_ | tPHZ. tPLZ ——— ; —»  le—tha
| |
g 2.4V 90% le————tsu(a)——!
~+ Doyt ' 110 2V
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®
< FIGURE 2 FIGURE 3
2
(7 2V
[ |
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2V
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FIGURE 4
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TLC542M, TLC542I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

PARAMETER MEASUREMENT INFORMATION
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TLC542M, TLC542I
LinCMOS™ 8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 11 INPUTS

principles of operation

d 1onpoid [N

SMB3IABI

The TLC542 is a complete data acquisition system on a single chip. The device includes such functions as
analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control logic. Three
control inputs (I/O clock, chip select (CS), and address) are included for flexibility and access speed. These
control inputs and a TTL-compatible 3-state output are intended for serial communications with a
microprocessor or microcomputer. With judicious interface timing, the TLC542 can complete a conversion in
20 ps, while complete input-conversion-output cycles can be repeated every 40 us. Furthermore, this fast
conversion can be executed on any of 11 inputs or its built-in "self-test" and in any order desired by the
controlling processor.

When CS is high, the Data Output pin is in a 3-state condition and the Address Input and I/O Clock pins are
disabled. When additional TLC542 devices are used, this feature allows each of these pins, with the exception
of the CS pin, to share a control logic point with their counterpart pins on additional A/D devices. Thus, this
feature minimizes the control logic pins required when using multiple A/D devices.

The control sequence is designed to minimize the time and effort required to initiate conversion and to obtain
the conversion result. A normal control sequence is as follows:

1. CS is brought low. To minimize errors caused by noise at the CS input, the internal circuitry waits for
two rising edges and then a falling edge of the internal system clock before recognizing the low CS
transition. The MSB of the result of the previous conversion automatically appears on the Data Out
pin.

2. On the first four rising edges of the 1/O Clock, a new positive-logic multiplexer address is shifted in,
with the MSB of this address shifted first. The negative edges of these four I/O clock pulses shift out
the second, third, fourth, and fifth most significant bits of the result of the previous conversion. The on-
chip sample-and-hold begins sampling the newly addressed analog input after the fourth falling edge
of the 1/0 Clock. The sampling operation basically involves charging the internal capacitors to the
level of the analog input voltage.

3. Three clock cycles are applied to the 1/O pin, and the sixth, seventh, and eighth conversion bits are
shifted out on the negative edges of these clock cycles.

4. The final eighth clock cycle is applied to the 1/0O Clock pin. The falling edge of this clock cycle
completes the analog sampling process and initiates the hold function. Conversion is then performed
during the next 20 ws. After this final 1/O Clock cycle, CS must go high or the 1/O Clock must remain
low for at least 20 us to allow for the conversion function.

CS can be kept low during periods of multiple conversion. If CS is taken high, it must remain high until the end
of the conversion. Otherwise, a valid falling edge of CS causes a reset condition, which aborts the conversion
process.

A new conversion may be started and the ongoing conversion simultaneously aborted by performing steps 1
through 4 before the 20-us conversion time has elapsed. Such action yields the conversion result of the
previous conversion and not the ongoing conversion.

The End-Of-Conversion (EOC) output goes low on the negative edge of the eighth I/O Clock. The subsequent
low-to-high transition of EOC indicates the A/D conversion is complete and the conversion result is ready for
transfer.
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TLC543M, TLC5431, TLC544M, TLC544I
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

02799, SEPTEMBER 1986

® LinCMOS™ Technology D. J. OR N PACKAGE
(TOP VIEW)
® 8-Bit Resolution A/D Converter
. . Ao UiaQvpp
® On-Chip 6-Channel Analog Multiplexer A0 13[] REF +
® Built-In Self-Test Mode a2[s 12Jeoc
A3[]a  11[J ADDRESS IN
® Software-Controllable Sample-and-Hold A E 5 0[] vo cLock
® Total Unadjusted Error . . . £0.5 LSB Max REF - (6 o[ ] DATA OUT
ND [}7 [&]
® End-of-Conversion Output GND ] 8}
® Conversion Time . . . 17 us Max
® Internal System Clock . . . 4 MHz Typ
® Low Power Consumption . .. 6 mW Typ
® Minimum Sample Rates:
TLC543 . .. 45,500 c/s
TLC544 . . . 40,000 c/s
description

W

The TLC543 and TLC544 are LinCMOS™ A/D peripherals built around an 8-bit switched-capacitor,
successive-approximation A/D converter. They are designed for serial interface to a microprocessor or
peripheral via a 3-state output with up to four control lines including I/O Clock, Chip Select (CS),
Address Input, and End-of-Conversion (EOC) output. A 4-MHz on-chip system clock and simultaneous
read/write operations permit high-speed data transfer and minimum sample rates of 45,500 cycles per
second for the TLC543 and 40,000 cycles per second for the TLC544. In addition to the high-speed
converter and versatile control logic, an on-chip 6-channel analog multiplexer can be used to sample any
one of five inputs or an internal ‘’self-test’’ voltage, and a sample-and-hold can operate automatically or
under processor control.

The converters incorporated in the TLC543 and TLC544 feature differential high-impedance reference inputs
that permit ratiometric conversion, scaling, and isolation of analog circuitry from logic and supply noise.

A totally switched-capacitor design allows low-error (£ 0.5 LSB) conversion in 17 microseconds maximum
for the TLC543 and the TLC544 over the full operating temperature range. The TLC543M and TLC544M
are characterized for operation over the full military temperature range of —55°C to 125°C. The TLC543I
and TLC544I are characterized for operation from —40°C to 85°C.

Product Previews

LinCMOS is a trademark of Texas Instruments Incorporated

PRODUCT PREVIEW documents contain information .
on products in the formative or design phase of i,
development. Characteristic data and other TEXAS
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TLC543M, TLC543l, TLC544M, TLC544]
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

functional block diagram

REF + REF -
| o | saweE] | SBIT «
:N% ANALOG-TO-DIGITAL
ANALOG oL CONVERTER
INPUTS § ~| 6-CHANNEL (SWITCHED-CAPACITORS)
—  ANALOG ”
— | MULTIPLEXER 'v 8
3 INPUT OUTPUT 8.70-1 DATA
vy - -
a ADDRESS 8 DATA
A\ 4
DATA < | SELECTOR AND
REGISTER > TPUT
REGISTER DRIVER ouTPU
b A
SELF-TEST 4 3
3 y 4
REFERENCE 1
CONTROL LOGIC
> AND 1/O END.OF
ADDRESS o INPUT 2, COUNTERS »> CONVERSION
INPUT MULTIPLEXER OUTPUT
—
o a $ 1
3 cLoCK > i ¢ 1
o N SYSTEM
v CLOCK
o
-
8_ operating sequence
g [ tat+c |
- o | I1l203lalslel7]s D l1l2l3lalslel7]s
) -
iy CLOCK ——y ||||||l||||||]||| DONT::CARE |I,
‘<D : h—Accsss-q k—SAMPLE—-ok———-—tconv——u IO—ACCESS—D! IO—SAMPLE—-H
3 CYCLE B CYCLE B (See Note A) | CYCLE C CYCLE C
cS .
2 ol Tk ~
ADDRESS Py DON'T CARE mHes) Ny DON'T CARE
- d L
INPUT —_— @@ 80 o f c2 co

HI-Z STATE

Pour — 0@@@@@@@ L RERERERERA KR

«—CONVERSION DATA B——3
END OF msp CONVERSION DATA A o5 " s MSB LSB MSB
CONVERSION | B

NOTES: A. The conversion cycle, which requires 36 internal system clock periods, is initiated on the 8th falling edge of the 1/0 Clock
after CS goes low for the channel whose address exists in memory at that time. If CS is kept low during conversion, the 1/0
clock must remain low for at least 36 system clock cycles to allow conversion to complete.

B. The most significant bit (MSB) is automatically placed on the DATA OUT bus after CS is brought low. The remaining
seven bits (A6-A0) are clocked out on the first seven falling edges of the I/O Clock.

C. To minimize errors caused by noise at the CS input, the internal circuitry waits for three internal system clock cycles (1.4 us
at 2 MHz) after a chip select transition before responding to control input signals. Therefore, no attempt should be made to
clock-in address data until the minimum chip-select setup time has elapsed.
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TLC543M, TLC543l, TLC544M, TLC544]
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

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

Supply voltage, VGG (see Note 1) ... .. . 6.5V
Input voltage range (any input) . .. ....... ... ... .. -0.3VtoVce + 0.3V
Output voltage range . ... ........... . ... ... ... -0.3VtoVgce + 0.3V
Peak input current (any input) . ... ... ... +10 mA
Peak total input current (all inputs) ... ....... ... ... ... +30 mA
Operating free-air temperature range: TLC543M, TLC544M . ... ............. -55°C to 125°C

TLCH431, TLC5441 . . .. .. ... .. ....... —40°C to 85°C
Storage temperature range . . . . ... ..o vttt e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package ........ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package ............ 300°C

NOTE 1: All voltages are with respect to ground (GND pin) with REF — and GND wired together (unless otherwise noted).

recommended operating conditions

TLC543 TLC544 uNIT
MIN NOM MAX MIN NOM MAX

Supply voltage, Vcc 3 5 6 3 5 6 \
Positive reference voltage, VRep + (see Note 2) 2.5 Vee Ve +0.1 2.5 Vce Vec+0.1 \
Negative reference voltage, VRgf — (see Note 2) -0.1 0 25 0.1 (o] 2.5 \%
Differential reference voltage, VREp + — VREF — (see Note 2) 1 Vee Vee+0.2 1 Vee Vee+0.2 \ 3
Analog input voltage (see Note 2) 0 Vce 0 vee \
High-level control input voltage, V|y (for Vcc = 4.75 to 5.5 V) 2 2 \ 7))
Low-level control input voltage, V) (for Vcc = 4.75 to 5.5 V) 0.8 0.8 \ ;
Input/Output clock frequency, fc|k(i/0) o 2.048 o 11 MHz '2
(for Vcc = 4.75 10 5.5 V) >
System clock frequency, fcik(/0) (for Vcc = 4.75 to 5.5 V) 4 2.1 MHz 2
Input/Output clock high, tywH(1/0) 200 404 ns [«
Input/Qutput clock low, twi (1/0) 200 404 ns e
1/0 clock transition time (see Note 3) foLkgio) < 1.1 MHz 100 100 ns g

fck (/) > 1.1 MHz 40 -
Duration of TS input high state during conversion, twH(CS) 17 17 1S 9
Setup time, address bits at data input 200 400 ns a.
before I/O CLOCKT, tsy(A)
Hold time, address bits after 1/0 CLOCKT, th(a) 0 0 ns
Setup time, CS low before clocking in first address bits, 1.4 1.4 us
tsu(CS) (see Note 4)
Operating free-air temperature, Ta TLC543M, TLCS44M =% 128 —%5 125 °C

TLC543I, TLC544| -40 85 —-40 85

NOTES: 2. Analog input voltages greater than that applied to REF + convert to all ones (11111111), and input voltages less than that
applied to REF — convert to all zeros (00000000). For proper operation, REF + voltage must be at least 1 V higher than REF —
voltage. Also, adjusted errors may increase as this differential reference voitage falls below 4.75 V.

3. This is the time required for the clock input signal to fall from V| min to V) max or to rise from V| max to V|4 min. In
the vicinity of normal room temperature, the devices function with input clock transitions as slow as 2 us for remote data
acquisition applications in which the sensor and the A/D converter are placed several feet away from the controlling
microprocessor.

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for three system clock cycles (1.4 us
at 2 MHz) after a chip select falling edge is detected before responding to control input signals. Therefore, no attempt should
be made to clock-in address data until the minimum chip select setup time has elapsed.

X
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TLC543M, TLC5431, TLC544M, TLC544I
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

electrical characteristics over recommended operating temperature range, v
Vce = VREF+ = 4.75V to 5.5 V (unless otherwise noted), fCLK(1/0) = 2.048 MHz for TLC543
or fCLK(1/O) = 1.1 MHz for TLC544

PARAMETER TEST CONDITIONS MIN TYPY MAX | UNIT
High-level output voltage,

VoH Data out, EOC Vee =475V, loH = —360 pA 2.4 Vv

VoL  Low-level output voltage E;tg out zgg z :;Z X, :gt : ?é :2 g: \

0z Off-state (high-impedance state) Vo = Vce. C_—§ at Vcc 10 A
output current Vo =0, CS at Vce -10

iH High-level input current V| =Vge + 0.3V 0.005 2.5 A

I Low-level input current Vi=0 -0.005 -2.5 uA

Icc Operating supply current CSatoV 1.2 2 mA

Selected channel at V¢,

0.4 1

1 Selected channel leakage current Unselected channel at O V See Figure 1 A
electe annel leakal urren igu

kg 9 Selected channel at O V, 9 ‘L

-0.4 -1
Unselected channel at Vcc
IREp  Reference current VRep+ = Vco. CSatoV 0.1 1 mA
. Analog inputs 7 55
3 G Input capacitance Control inputs g 75 pF
T All typical values are at Vo = 6 V, Tp = 25°C.
v
-
g
c PARAMETER MEASUREMENT INFORMATION
e
vcc
-
a <
O

< bﬁ\—‘— SELECTED
o ? ANALOG
E INPUT
(7]

..‘.. OTHER

= ANALOG

9 INPUTS

FIGURE 1. SELECTED CHANNEL LEAKAGE CURRENT
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operating characteristics over recommended operating free-air temperature range, VCC = VREF+ = 4.756t0 5.5V,
fCLK(I/0) = 2.048 MHz for TLC543 or 1.1 MHz for TLC544

| TLC543 TLC544
! PARAMETER TEST CONDITIONS VIN = TAX N v WMAX UNIT
Linearity error (see Note 5) +0.5 +0.5 LSB
) Zero error (see Note 6) +0.5 +0.5 LSB
Full-scale error (see Note 6) +0.5 +0.5 LSB
i Total unadjusted error {see Note 7) +0.5 +0.5 LSB
Self-test output code Input A5 address = 10119,| 01111101 10000011 | 01111101 10000011
See Note 8 (125) (131) (125) (131)
tconv Conversion time See Operating Sequence 8 17 12 17 us
ta+c Total access and conversion time See Operating Sequence 12 22 19 25 us
1/0
é tacq Channel acquisition time (sample cycle) See Operating Sequence 4 4 clock
5 cycles
g 'E' t Time output data remains valid 10 10 ns
® after 1/0 clock!
% ﬂ t4 Delay time, 1/0 clock! to data output valid 300 400 ns
g xr,'—.]] ten Output enable time 1.4 1.4 ns
5 C tdis Output disable time 150 150 ns
g Zg tribus) Data bus and EOC rise time 300 300 ns
5 m tf(bus) Data bus and EOC fall time See Figure 2 300 300 ns
: éé tPHL(EOC) Propag?tion delay, 8th I/0 clockl to EOC 400 400 ns
g t4(E0C) Delay time, EOC to DATA OUT (MSB) 1 1 us
M (see Note 9)
§

NOTES: 5. Linearity error is the maximum deviation from the best straight line through the A/D transfer characteristics.
6. Zero error is the difference between the output of an ideal and an actual A/D converter for zero input voltage; full-scale error is that same difference for full-
scale input voltage.
7. Total unadjusted error comprises linearity, zero, and full-scale errors.
. Both the input address and the output codes are expressed in positive logic. The A5 analog input signal is internally generated and is used for test purposes.
. The EOC signal is output after 40 internal clock cycles, while the data is available after 36 internal clock cycles. Thus, the delay time, EOC to DATA OUT,
is a negative value equal to four internal system clock cycles less internal propagation delays.

© ©
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TLC543M, TLC5431, TLC544M, TLC544I
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

d 1onpoid &

SMBIINBI

PARAMETER MEASUREMENT INFORMATION

1.4v Vce
3 kQ 3 kQ
OUTPUT OUTPUT OUTPUT
TEST POINT
UNDER TEST TEST POINT UNDER TEST UNDER TEST TEST POINT
CL CL 3 kQ CL
I (SEE NOTE A) (See Note A) | | (See Note A)
(See Note B) (See Note B)
LOAD CIRCUIT FOR LOAD CIRCUIT FOR LOAD CIRCUIT FOR
td. tr. and t§ tpzH AND tpyz tpzL AND tpLz

_ Vee
[ 50%
| +
] |
|

INTERNAL
SYSTEM |
cLock | |

e———tpz1—— k—b:—tpn.z
ouUTPUT + | | " Vee
WAVEFORM 1 | (See Note B) 50% | 0%
(See Note C) 1 2 oV
———tPzH——| le—-tprz
ouUTPUT | o =~ Vou
WAVEFORM 2 %50%
(See Note C) oV

VOLTAGE WAVEFORMS FOR ENABLE AND DISABLE TIMES

/0 ’ 2.4V
cLOCK * ______ . ,k -— .
h o8 v OUTPUT \
—— =04V
le— fd—b! !

[
e

¥ _

)
tr -t
patTa 0 \fm-——————- 2.4V
outpUT N 0.8V
VOLTAGE WAVEFORM FOR DELAY TIME VOLTAGE WAVEFORM FOR
RISE AND FALL TIMES
/0 8TH EOC 24V
CLOCK CLOCK 0.8V |
h [——tdaeoc)—m
J——tPHL(EOC) : \
t 24V \
| DATA OUT
EOC
04V 04V :
j—VALID msB—¥

VOLTAGE WAVEFORMS FOR EOC TIMING

NOTES: A. C_ = 50 pF for TLC543 and 100 pF for TLC544.

B. ten = tpzH OF tpzL, tdis = tPHZ Of tPLZ-
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output controf.
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control.

FIGURE 2. OPERATING CHARACTERISTICS

3-40

Texas “9
INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



TLC543M, TLC5431, TLC544M, TLC5441
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

PRINCIPLES OF OPERATION

introduction

TLC543 and TLC544 are each complete data acquisition systems on a single chip. They include the functions
of analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control logic.
Flexible serial communication is achieved with a microprocessor or microcomputer using a TTL-compatible
3-state Data Out and four control lines — Chip Select (CS), /O Clock, Address Input, and End of
Conversion (EOC) output.

To maximize access speed, the device simultaneously writes the previous conversion result, reads a new
multiplexer address, and acquires the analog signal. This is followed by the A/D conversion, whose end
is signalled by the EOC output going high. These total access and conversion cycles are completed in a
minimum of 22 us for the TLC543 and 25 us for the TLC544. Conversion can take place, in any order,
on the five analog inputs or the built-in self-test system.

The system clock, which drives the control logic and the switched-capacitor successive-approximation
A/D converter, is internal to the device and typically runs at a frequency of 4 MHz. This internal system
clock runs independently, and there are no required phase or frequency relationships with other signals.

digital interface

The 1/0 clock controls the acquisition of the analog signal as well as all serial data communications between
the TLC543 or TLC544 and the host processor. From the host, this 1/0 clock consists of a burst of eight
pulses separated by the conversion time. Timing may be achieved by Chip Select (CS) synchronously gating
a continuous 1/0 clock or directly from the host with CS held low continuously.

With CS high, Data Out is in a high-impedance condition with the Address Input and 1/0 Clock input disabled.
This feature allows the interface pins, with the exception of CS and EOC, to share a common bus with
additional TLC543 or TLC544 devices or other members of the TLC543/544 family of devices.

typical operating sequence

Consider an access and conversion sequence where CS is being used: CS is brought low and recognized
after the time out of the noise-rejection circuitry. The MSB of the result of the previous conversion appears
at Data Out, whose 3-state output is enabled. The MSB of the new multiplexer address should be present
at the Address Input to conform with the setup time, tsu(A), requirements before the first rising edge of
the /0 clock. The multiplexer address is shifted in on the first three rising edges of the 1/O clock.

Product Previews m

The first seven falling edges of 1/0 CLOCK shift out the remaining seven bits of the previous conversion
on DATA OUT. The eighth I/O clock falling edge returns the MSB to the Data Out. Optimum serial transfer
takes place with the bit streams being read on the rising edges of the 1/O clock for the respective devices
and the Data Out and Address In lines.

At the fourth falling edge of the I/O clock, the on-chip sample-and-hold begins to acquire the newly addressed
analog input and continues until the eighth (and final) falling edge. A hold function is initiated by the eighth
1/0 clock pulse falling edge. To start the conversion at a specific point in time (or lengthen the acquisition
time), the host processor may leave the eighth I/O clock pulse in the high state until the moment at which
the analog signal must be sampled. After bringing the eighth 1/0 pulse low, the A/D function is performed
in the next 36 internal system clock cycles.

In applications where CS is held low continuously, the bursts of eight I/O clock pulses should be timed
to be at least tcony apart.
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TLC543M, TLC543I, TLC544M, TLC544I
8-BIT ANALOG-TO-DIGITAL PERIPHERALS
WITH SERIAL CONTROL AND 5 INPUTS

cs input
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To minimize bus contention caused by noise enabling the 3-state Data Out, when the CS input is brought
low, the device waits for two rising edges and a falling edge of the internal system clock before recognizing
the CS transition. Hence, the setup time tsy(CS) should be observed when using the CS input. This also
applies to a CS high-to-low transition, except for disabling DATA OUT, which goes into a high-impedance
state immediately within the tdjs specification (see Figure 3). If this interruption of CS in the low state
is less than 1.5 internal system clock cycles, and hence not recognized, DATA OUT will be immediately
enabled with the return of CS to the low state. DATA OUT becomes enabled after a CS high-to-low transition
in time ten (equivalent to tgy(CS) for this device).

CS can be brought high during a conversion without affecting the ongoing conversion but must remain
high until the end of conversion. Otherwise, a CS falling edge causes a reset condition that aborts
the conversion in progress. When a new access cycle starts, the previous conversion result is output.

A new conversion may be restarted by toggling CS high-to-low at least tsu(CS) before the eighth falling
edge of the 1/0 clock. The ongoing access cycle is aborted. Again, when a new access cycle starts, the
previous conversion result is output.

of conversion output (EOC)

EOC goes low at propagation delay time, tpHL(EQC), after the 8th falling edge of the I/O clock and goes
high when conversion is complete. At this time, the MSB is available at Data Out; however, if CS is high,
it is necessary to bring CS low and wait for the CS recognition time before Data Out is available,
since Data Out is in a high-impedance state when CS is high. Delay time, td(EOC). of EOC to Data Out
is a negative value of 4 internal system clock cycles less internal propagation delay because the EOC signal
is output after 40 internal system clock cycles, whereas conversion is complete with data available after
36 cycles.

3-42
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

D2982, FEBRUARY 1987 —REVISED JANUARY 1989

J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

e Advanced LinCMOS™ Technology
o Self-Calibration Eliminates Expensive

Trimming at Factory and Offset Adjustment ANLG Vce - L1 D DGTL Vcc
in the Field IN- [z % D12 Y
. . . . . IN+ L3 D11
e 12-Bit Plus Sign Bipolar or 12-Bit Unipolar ANLG GND [14 1 b0
e +1/2 and =1 LSB Linearity Error in Unipolar REF L]5 % D9
Configuration ANLG Ve + L6 5 D8
TIE HIGH 7 D7
® 10 us Conversion Time (clock = 2.6 MHz) cLk N e D6 | 170
e Compatible with All Microprocessors WR [ % D5/DI5 BUS
e True Differential Analog Voltage Input cs L) D4/DI4
rue Differential Analog Voltage Inputs "D [ 03/013

DGTL GND
READY OUT
INT

] D2/DI2

D1/Di1
DO/DIO J

e 0to 5V Analog Voltage Range with Single
5-V Supply (Unipolar Configuration)

® —5Vto 5V Analog Voltage Range with
+5-V Supplies (Bipolar Configuration)

o Low Power...25 mW Maximum

description

The TLC1225A and TLC1225B converters are manufactured with Texas Instruments highly efficient Advanced
LinCMOS™ technology. Either of the TLC1225A or TLC1225B CMOS analog-to-digital converters can be
operated as a unipolar or bipolar converter. A unipolar input(0 to 5 V) can be accommodated with a single 5-V
supply; a bipolar input (=5 V to 5 V) requires the addition of a 5-V negative supply. Conversion is performed
via the successive-approximation method. The TLC1225A and TLC1225B output the converted data in a
parallel word and interfaces directly to a 16-bit data bus. Negative numbers are given in the two’s complement
data format. All digital signals are fully TTL and CMOS compatible.

These converters utilize a self-calibration technique by which seven of the internal capacitors in the capacitive
ladder of the A/D conversion circuitry can be automatically calibrated. The internal capacitors are calibrated
during a nonconversion, capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at
the same time. A conversion requires only 10 us (2.6 MHz clock) after the nonconversion, capacitor-
calibrating cycle has been completed. The calibration or conversion cycle may be initiated at any time by
issuing the proper command word to the data bus. The self-calibrating technique eliminates the need for
expensive trimming of thin-film resistors at the factory and provide excellent performance at low cost.

The TLC1225AM and TLC1225BM are characterized for operation over the full military temperature range of
—55°C to 125°C. The TLC1225Al and TLC1225BI are characterized for operation from —40°C to 85°C.

Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other

specifications are design goals. Texas Instruments
reserves the right to_change or discontinue these
products without notice.
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TLC1225A, TLC12258
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

functional block diagram

r— == - ———————= -
I MICROPROCESSOR |
. 1
[—4—— 8-BIT 8 | s
8-BIT SWITCH |
ANLG Ve - CA"'[B:\’;\:T'ON + T CONTROL |
13-BIT I
N+ —e CAPACITOR DAC I 8-BIT SAR |
b4 AND S/H | |
s s - \ | REGISTER 1
L COMP, REGISTER 2 8-BIT :
<
3 / | s >DATA |
IN- 13-B1T l 1 ALY PATH
REF CAPACITOR DAC | !
AND S/H Vs I 8-BIT | v 8-WORD |
13— CALIBRATION |—¢ RAM :
Lq—,?.o DAC | ADDRESS | ADDRESS |
13 | COUNTER | COUNTER |
5V - 10 V TRANSLATOR | 1 2 . |
13-BIT SWITCH CONTROL i CLOCKS I
13 BIT SAR < ; 6 !
1 —~— INPUT DATA LATCHES |
3 13-BIT CALIBRATION | '
CONTROL LOGIC <+ I
| A VY
- 13 | |
- 13-BIT DATA LATCH |~ |
o 6 ! |
Q. I ¢ 1 |mux CONTROL |
s 13 13 | ROM
0 1/0 BUS —p—¢ ) 4 |
~- I |
Ry TIE HIGH—- ! PROGRAM |
(1] INT — ' COUNTER |
<. — | T '
H S —p T J
s WR —p-
) RD —p-
READY OUT —¢
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

operation description
calibration of comparator offset

The following actions are performed to calibrate the comparator offset:

1. The IN+ and IN— inputs are internally shorted together in order that the comparator input is zero. A
course comparator offset calibration is performed by storing the offset voltages of the interconnecting
comparator stages on the coupling capacitors that connect these stages. Refer to Figure 1. The storage
of offset voltages is accomplished by closing all switches and then opening switches A and A’, then
switches B and B’, and then C and C". This process continues until all interconnecting stages of the
comparator are calibrated. After this action, some of the comparator offset still remains uncalibrated.

l GND lGND LGND

A B

B N

adaidavs

TGND TGND TGND

c

FIGURE 1

2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR and the
result is stored in the RAM.

capacitor calibration of the ADC’s capacitive ladder

The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC’s
capacitive ladder:

1. The IN+ and IN~- inputs are internally disconnected from the 13-bit capacitive DACs.

2. The most significant bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are tied to
GND. The A/D conversion result for the remaining comparator offset, obtained in Step 2 above, is
retrieved from the RAM and is input to the 8-bit DACs.

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is returned to
zero and the remaining comparator offset is then subtracted. Thus, the comparator offset is completely
corrected.

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, Cy, are tied to REF. An
MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB capacitor
does not equal the sum of the other capacitors in the capacitive ladder. This error voltage is converted to
an 8-bit word from which a capacitor error is computed and stored in the RAM.

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB
capacitor grounded and then performing the above Steps 1-4 while using the next most significant
capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated in this
manner.

i
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS
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Vyef (Step 3)
GND (Step 4)

:

CmsB + T Cx

MSB CAPACITOR
VOLTAGE ERROR
(Step 4)

Cx L/

[ -
T MSB

At

GND (Step 3)
Vret (Step 4)

FIGURE 2

analog-to-digital conversion
The following steps are performed in the analog-to-digital conversion process:

1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result for the
remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator Offset, is
retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is completely
corrected.

2. IN+ and IN— are sampled onto the 13-bit capacitive ladders.

3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion
proceeds successively through the seven most significant capacitors, the error for each of these
capacitors is recovered from the RAM and accumulated in a register. This register controls the 8-bit
DACs so the total accumulated error for these capacitors is subtracted out during the conversion
process.

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

Supply voltage (ANLG Vcc+ and DGTLVGEG) (seeNote 1) ... .o i 15V
Supply voltage, ANLG VO G = - - - v v o oot e e e e -15V
Control and Clock input voltage range .. ... ..o i i e —-03Vto +15V
Analog input (IN+, IN=) voltage range,

Vigand Vi— .. ANLG Voo- —0.3Vto ANLG Voo + +0.3V
Reference voltage range, Vref -« o v v oo o e e e e -0.3Vto ANLG Vcc+ +0.3V
Pin7voltagerange, VOS .. . . oot -0.3Vto ANLG Vcc+ +0.3V
Outputvoltagerange .. ... e -0.3Vto DGTLVCC +0.3V
Input current (Per PiN) . . . oot +5mA
Input current (per package) . ... .. ... +20 mA
Operating free-air temperature range:

TLC1225AM, TL1225BM . . . . ..o e -55°C to 125°C

TLC1225A1, TLCI1225Bl . . . .o e —40°C to 85°C
Storage temperature range . . . . ... ~65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package . ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package ............ 260°C

NOTE 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND.
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TLC1225A, TLC1225B

SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

recommended operating conditions

MIN MAX UNIT
ANLG VGe + 45 6
Supply voltage ANLG Vg -55 ANLG GND \
DGTLVce 45 6
High-level input voltage, Vi, all digital inputs except CLK IN 2 v
(Ve = 475Vt05.25V)
Low-level input voltage, Vi, all digital inputs except CLK IN 0.8 v
(Voo = 475 V10 5.25V)
Bipolar range ANLG Voo- - 0.05  ANLG V + 0.05
Analog input voltage, Vi.+, Vi~ U:ipolar ragge ANLG Gch?o ~005 ANLG vgg: Toos|
Pin 7 (TIE HIGH) 2 \
Clock input frequency, fclock 03 26 MHz
Clock duty cycle 40% 60%
Pulse duration, CS and WR both low, ty, (CS-WR) 50 ns
Setup time before WR? or CS1, tgy 50 ns
Hold time after WR% or CS?, th 50 ns
Operating free-air temperature, Ta TLC1225AM, TLC1225BM 55 125 °C
TLC1225Al, TLC12258I -40 85

electrical characteristics over recommended operating free-air temperature range,

ANLG Vcc+ = DGTL VGG = Vref = 5V, ANLG

vVee -

-5V (for bipolar input range),

ANLG Vcc - = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2)

PARAMETER TEST CONDITIONS MIN  MAX UNIT
! Io=-1.8mA 2.4 -
v High-level output voltage DGTL VGG = 475V v >
OH igh-level output voltag CcC 10 = —50 pA 25 e
VoL Low-level output voltage DGTLVcc =475V, Ilg=8mA 0.4 \% a
VT4 Clock positive-going threshold voltage 2.7 35 \ -
Vr— Clock negative-going threshold voltage 1.4 241 \% (&]
. . VT4 min — V1_ max 0.6 3
V . \
hys Clock input hysteresis Vs max =V min 57 '8
"ref Input resistance, REF terminal 1 10 MO Q‘:
Wi+ High-level input current V=5V 1 MA
i Low-level input current Vi=0 -1 MA
High-impedance-state Vo =20 -3
oz 0= pA
output leakage current Vo=5V 3
Vo =0 -6
lo Output current Vg —y 5 mA
DGTLIcc Supply current from DGTL Voo folk = 2.6 MHz, CS high 3 mA
ANLG Icc + Supply current from ANLG Voo + folk = 2.6 MHz, CS high 3 mA
ANLG Igc - Supply current from ANLG Voo — feik = 2.6 MHz, CS high -3 mA
NOTE 2:  Bipolarinput range is defined as: V)4 = =5.05V105.05V, V|- = =5.05V105.05 V,and | V|4 — V|~ | = 5.05 V. The unipolar input
voltage range is defined as: Vi = -0.05V105.05V, V|- = -0.05V1t05.05V,and | V|; - V|| < 5.05 V.
T {l’
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

operating characteristics over recommended operating free-air temperature range,

ANLG Vcc+ = DGTLVcC = Vref = 5V, ANLG Vcc -~ = -5V (for bipolar input range),
ANLG Vcc - = ANLG GND (for unipolar input range), fclock = 2.6 MHz (unless otherwise
noted) (see Note 2)

PARAMETER TEST CONDITIONS MIN  MAX UNIT
Unipolar input range TLC1225A 1
E Linearity error e % [Ticiass 205 LSB
I
: ’ Bipolar input range TLO1225A *2
1
poarinputange e o058 15
Zero error +0.5| LSB
Adjusted iti d th
justed positive and negative Unipolar input range +1| LSB
full-scale error (see Note 3)
Adjusted positive and negative . X
Bipolar input range +1 LSB
full-scale error (see Note 4) P Py 9
Temperature coefficient of gain 15| ppm/°C
Temperature coefficient of offset point 1.5 ppm/°C
Zero error +0.75
Supply voltage Positive and negative ANLGVCo4 =5V = 5%,
k - _ o, +0.75 LSB
svs sensitivity full-scale error ANLGVCC— = =5V = 5%,

W

DGTL V, =5V % 5%
. Linearity error G cc=3 5% +0.25
clock
t Conversion time (1/f 27
c (Vicik) cycles

Access time (delay from falling edge of

g a CSAD to data output) CL = 100pF 1o} ns
Q. w Disable tiﬂe, output (delay from rising RL = 10 kQ2, Cp = 10pF 60 n
c dis edge of RD to high-impedance state R =2k, C| = 100 pF 60 s
2 td(READY) _RD or WR to READY OUT delay 140| ns
=0 [ld(NT) RD or WR to reset of INT delay 400 ns
NOTES: 2.Bipolar input range is defined as: V|4 = —=5.05V1t05.05V, V|- = —5.05 V10 5.05 V, and |V} —V|_| < 5.05 V. The unipolar input
" voltage range is defined as: V|4 = —0.05V1t05.05V,V|_ = -0.05Vt05.05V, and [Vj+ —V|_| < 5.05V.

3.See the Positive and Negative Full-Scale Adjustment section, Unipolar inputs.
4. See the Positive and Negative Full-Scale Adjustment section, Bipolar Inputs.

I
®
<
®
3
®
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TLC1225A, TLC12258
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

INPUT SAMPLING

| j&—>— CONVERSION

=T\ O\ __/

|
! I
| |
RD | | \1 I {
| | | |
| | | |
| | A(INT) —j—py :
1 ]
W | | \ e
| I |
t t
| :1-):- d(READY) | :tﬂ— d(READY)
td(READY)—la- ‘d(READY)—lﬂ-ﬂ |
h [ | L
v TN/ \ VAR
! f |
e—p—tn | H'—’{—‘dis
by k| ta—te—y |
1/0 BUS ——@ L IN \, ouT
COMMAND TO CALIBRATE COMMAND TO
7 CAPACITORS & OFFSET INITIATE CONVERSION

(REQUIRES 105 CLOCK CYCLES)
FIGURE 3. TIMING DIAGRAM
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR

ANALOG-TO-CONVERTERS

PARAMETER MEASUREMENT INFORMATION

DGTL
Vece
v
- DATA e o 0%
N OUTPUT GND 10%
- AL tdis
L L e VoH 90%
= = = DATA OUTPUT
DGTL GND
Vce
——
R
t Vee
w5 DATA 0w F 0%
OUTPUT GND 10%
c
t [—tgis
Vce ————/-
= = DATA OUT
VOL__-': 10%

FIGURE 4. LOAD CIRCUITS AND WAVEFORMS

PRINCIPLES OF OPERATION
power-up calibration sequence

Power-Up calibration is not automatic and calibration is initiated by writing control words to the six least
significant bits of the data bus. If addressed or initiated, conversion can begin after the first clock cycle.
However, full A/D conversion accuracy is not established until after internal capacitor calibration.

conversion start sequence

The writing of the conversion command word to the six least significant bits of the data bus, when either CSor
WR goes high, initiates the conversion sequence.

analog sampling sequence
Sampling of the input signal occurs during clock cycles 3 thru 10 of the conversion sequence.

completed A/D conversion

When INT goes low, conversion is complete and the A/D result can be read. A new conversion can begin
immediately. The A/D conversion is complete at the end of clock cycle 27 of the conversion sequence.

aborting a conversion in process and beginning a new conversion

If a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted
and a new conversion sequence will begin.

reading the conversion resuit

When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of the output
is extended sign with 2’s complement, right justified data. For both unipolar and bipolar cases, the sign bit
D12is low if Vi+ — V|- is positive and high if V| + — V|- is negative.

i
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TLC1225A, TLC12258
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

general
reset INT

When reading the conversion data, the falling edge of the first low-going combination of CS and RD will reset
INT. The falling edge of the low-going combination of CS and WR will also reset INT.

ready out

For high-speed microprocessors, READY OUT allows the TLC1225 to insert a wait state in the
microprocessor’s read or write cycle.

reference voltage (Vref)

This voltage defines the range for | V|+ — V|- |. When | V|+ — V|- | equals Vyef, the highest conversion data
value results. When | V|4 — V| | equals 0, the conversion data value is zero. Thus, for a given input, the
conversion data changes ratiometrically with changes in Vref.

TIE HIGH
This pin is a digital input and should be tied high.

calibration and conversion considerations

Calibration of the internal capacitor and A/D conversion are two separate actions. Each action is
independently initiated. A calibration command that calibrates all seven internal capacitors is normally issued
before conversion. A conversion command then initiates the A/D conversion. Subsequent conversions can be
performed by issuing additional conversion commands. The calibration and conversion commands are totally
independent from one another and can be initiated in any order. Calibration and conversion commands
require 105 and 27 clock cycles, respectively.

w

The calibrate and conversion commands are initiated by writing control words on the six least significant bits
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in
Table 1.

TABLE 1. CONVERSION COMMANDS

1/0 BUS REQUIRED NUMBER
DI5 Di4 Di3 Di2 DIt Dio OF CLOCK CYCLES
Conversion 4 H L X X X L 27
Calibrate? ? L X L L L L 105
tCalibration is lost when clock is stopped.

Product Previews

COMMAND CS + WR

analog inputs
differential inputs provide common-mode rejection

The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN+ and
IN— inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN+ and IN— so these
inputs are truly differential. Thus, no conversion errors result from a time interval between the sampling of the
IN+ and IN— inputs.

input bypass capacitors

Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors will
be depleted during the input sampling sequence when the internal sampling capacitors are charged. Note
that the charging of the bypass capacitors through the differential source resistances must keep pace with the
charge depletion of the bypass capacitors during the input sampling sequence. Higher source resistances
reduce the amount of charging current for the bypass capacitors. Also, note that fast, successive conversion
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

W

will have the greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon
becomes more significant as source resistances and the converssion rate (i.e., higher clock frequency and
conversion initiation rate) increase.

In addition, if the above phenomenon prevents the bypass capacitors from fully charging between
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with
higher | V|4 — V| | values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster
conversion rate).

For low-source-resistance applications (Rgource < 100 ), a 0.001-uF bypass capacitor at the inputs will
prevent pickup due to the series lead inductance of a long wire. A 100-Q) resistor can be placed between the
capacitor and the output of an operational ampilifier to isolate the capacitor from the operational amplifier.

input leads

The input leads should be kept as short as possible, since the coupling of noise and digital clock signals to the
inputs can cause errors.

power supply considerations

Noise spikes on the VG lines can cause conversion error. Low-inductance tantalum capacitors (> 1 uF) with
short leads should be used to bypass ANLG Vcc and DGTL VG . A separate regulator for the TLC1225A or
TLC1225B and other analog circuitry will greatly reduce digital noise on the supply line.

positive and negative full-scale adjustment

d 3onpoid

SMB3IN3I

unipolar inputs

Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFs) and adjust
the magnitude of the REF input so that the output code is just changing from 01111 1111 1110 to
01111 1111 1111, If this transition is desired for a different input voltage, the reference voltage can be
adjusted accordingly.

bipolar inputs
First, follow the procedure for the unipolar case.

Second, apply a differential input voltage so that the digital output code is just changing from
1 0000 0000 0001 to 1 0000 0000 0000. Call this actual differential voltage Vx. The ideal differential voltage
for this transition is:

v +VFS Q)
FS ™ 8192

The difference between the actual and ideal differential voltages is:
Delta = V, VES + M @
- FS™ 8102
Then apply a differential input voltage of:
Delta (3)

and adjust Vyef so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. This
procedure produces positive and negative full-scale transitions with symmetrical minimum error.

3-52
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TLC1225A, TLC1225B

SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR
ANALOG-TO-DIGITAL CONVERTERS

TYPICAL APPLICATIONS

(4095) 0 1111 1111 1111

(4094) 0 1111 1111 1110 | POSITIVE
FULL-SCALE
TRANSITION
ZERO TRANSITION - -~
-
-
-
-
w (2) 0 0000 0000 0010 — -
5] (1) 0 0000 0000 0001 _|]
S 10) 0 0000 0000 0000 | [rse |
[
S T -
& Vet 111111111 111 (-1 +Vyef
3 1111111111 1110 (- 2)
-
-~
-
P
-~
-
-
JJJ — 1 0000 0000 0001 (-4095)
NEGATIVE FULL-SCALE TRANSITION L1 0000 0000 0000 (-4096)

ANALOG INPUT VOLTAGE IVIN(+) — Ving-)]

FIGURE 5. TRANSFER CHARACTERISTIC

IN(+) TIE HIGH o
SIGNAL IN DGTL Vg [ &9 ?.
—T—o‘1 uF Ix 10 uF
- T T
LS .y °
SEE NOTE A 2 ANLG Vce
] —L04'| uF-L‘IO;AF 1
L - ot

—i—-—-——l |
vV
E—r ref 0.1 uF

|
o
=
m
<
I
I[H
-u—_Lnll

ANLG GND

DGTL GND

-l— POWER GND

NOTES: A. The analog input must have some current return path to ANALOG GND.
B. Bypass capacitor leads must be as short as possible.

FIGURE 6. ANALOG CONSIDERATIONS
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TLC1225A, TLC1225B
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR

ANALOG-TO-DIGITAL CONVERTERS

TYPICAL APPLICATIONS (Continued)

[ IN(+)

ANLG Vi +

TLC1225A
TLC1225B

b

+
10 uF

XDR

E; 4 k0
VXDR

ik
1

SEE NOTE B
500 Q
<

IN(+)

ZERO 3¢
3
ADJ

<
<

500

A
WA~

NOTES: A. V|_ = 0.15 x ANLG VoG +.
B. 15% of ANALOG Vo < VXpR = 85% of ANALOG Vie.

FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS

ANLG Vg +

IN(~) SEE NOTE A

DGTL Vge »>-
+
TLC1225A 0.1 uF L 104F == 2
TLC12258 T 1= $39ke
TIE HIGH
Vref L 1 kQ
S FS
ADJ
> 8.2 ke
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TLC5502
8-BIT ANALOG-TO-DIGITAL CONVERTER

D3220, FEBRUARY 1989

8-Bit Resolution N PACKAGE
0.2% Linearity (TOP VIEW)
DGTL D 22
Maximum Conversion Rate . . . 25 MHz Typ GTL GNDLJ1 \J22[JANLG GND
20 MHz Min (Ls8) DO[]2  21[]DGTL Vbp
D1[]s  20[]JANLG Vpp
® Analog Input Voltage Range . . . D2(]a 19[ JREFB
Vge to Ve -2V D3([]s  18[JANLG INPUT
. D46 17[]ANLG INPUT
® Analog Input Dynamic Range . . .2V to5V os(]s 16[JREFM
® TTL Digital 1/O Level D68 15[ )REFT
. (MSB) D7(Js  14[]JANLG Vpp
® Low Power Consumption . .. 200 mW Typ cikJio 13[]DGTL vpp
® 5-V Single-Supply Operation DGTL GND[]11 12[JANLG GND
® Interchangeable with Fujitsu MB40578
description

The TLC5502 is a low-power ultra-high-speed video-band analog-to-digital converter that uses the
LinEPIC™ 1-um CMOS process. It utilizes the full-parallel comparison (flash method) for high-speed
conversion. It converts wide-band analog signals (such as a video signal) to a digital signal at a sampling
rate of dc to 30 MHz. Because of such high-speed capability, the TL5502 is suitable for digital video
applications such as digital TV, video processing with a computer, or radar signal processing.

The TL5502 is characterized for operation from 0°C to 70°C.

functional block diagram

CLK—>

Product Previews n

ANLG INPUT — I
REFT ; \% EN
R1
L D7 (MSB)
2
R "—,.b—' D6
4
RT7 127 D5
T i’%— _LATCH
255TO 8 AND Da
w2 ENCODER BUFFER
REFM 128 D3
R/2 P E >
L L1 D2
R 254
9 D1
ER 255
4&—;9- DO (LSB)
3R2
REFB —]
LinEPIC is a trademark of Texas Instruments Incorporated.
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TLC5502
8-BIT ANALOG-TO-DIGITAL CONVERTER

equivalents of analog input circuit

W

ANALOG INPUT

SAMPLE AND HOLD

ANLG
Vbp S
vi SAMPLE Vi — ouT1
R AND c
v HOLD $
ref | cireurr
Vref —————— ouT2
R c
ANLG $
| GND
I
equivalent of digital input circuit
DGTL Vpp
—ae
——
i_____
Vi [
',.____.
]
ANLG DGTL
GND GND

v
3
)
<%
c
o
-+
-
X
®
<
®
3
»
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TLC5502
8-BIT ANALOG-TO-DIGITAL CONVERTER

FUNCTION TABLE

sep | ANALOG INPUT DIGITAL OUTPUT
VOLTAGE? CODE

0 2.960 V LLLLLLLL

1 2.968 V LLLLLLLH

; i l

127 3.976 V LHHHH H H

128 3.984 vV HLLLLLLL

129 3.992 Vv HLLLLLLH

| | |

254 4.992 V HHHHHHHL

255 5.000 V HHHHHHHH

TThese values are based on the assumption that VyefB and
VrefT have been adjusted so that the voltage at the
transition from digital O to 1 (VzT) is 2.964 V and the
transition to full scale (VgT)is 4.996 V. 1LSB = 8 mV.

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

Supply voltage range, ANLG VDD . . . .« o oot -05Vto7V
Supply voltage range, DGTL VDD . . . .« o oo -05Vto7V 3
Input voltage range at digital input, V| . ... ... .. .. .. L -05Vto7V
Input voltage range at analog input, V| .......... ... ... .. .... -0.5 V to ANLG Vpp+0.5 V
Analog reference voltage range, Veef. . . .. oo oot c —0.5 V to ANLG Vpp+0.5 V »
Operating free-air temperature range . . . . . ...ttt 0°C to 70°C E
Storage temperature range . . .. ..o v v ittt i e e e ~55°C to 160°C -;
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. ... .................. 260°C @
A
recommended operating conditions ?'_.
MIN NOM MAX | UNIT g
Supply voltage, ANLG Vpp 4.75 5 5.25 \% h o]
Supply voltage, DGTL Vpp 4.75 5 5.25 \ 2
High-level input voltage, V|q 2 \ a
Low-level input voltage, V| 0.8 \
Input voltage at analog input, V| [¢] 5 \
. ANLG
Analog reference voltage (top side), ViefT 3 \
GND
. ANLG
Analog reference voltage (bottom side), Vefg 3 \
GND
Differential reference voltage, ViefT — ViefB 2 5 \
High-level output current, IgH -400 uA
Low-level output current, Ig| 4 mA
Clock pulse duration, high-level or low-level, ty 25 ns
Operating free-air temperature, Tp o] 70 °C
i
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TLC5502

8-BIT ANALOG-TO-DIGITAL CONVERTER

electrical characteristics over operating supply voltage range, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
VoH  High-level output voltage loH = —400 uA 2.4 \2
VoL Low-level output voltage loL = 4 mA 0.4 \
] Analog input current Vi =4V 15 nA
IH Digital high-level input current V=5V 1 uA
he Digital low-level input current Vi =0 -1 nA
[f} Digital input current V=7V 100 nA
lrefg  Reference current Vet = 3V -10 mA
lrefT  Reference current ViefT = 5V -10 mA
T Analog input resistance 1 MQ
Cj Analog input capacitance 50 75 pF
Icc Supply current 40 60 mA
operating characteristics over operating supply voltage range, TA = 25 °C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
EL Linearity error +0.2 | %FSR
fmax Maximum conversion rate 20 30 MHz
'T Digital output delay time See Figure 3 15 30 ns
3 timing diagram
3 —twH—p——twL—P|
Qo CLK
(] | Sample | Sample | Sample
2 N | | N+2
ANALOG | l N+1
- INPUT !
-
< |
= -t _,ll
DAT.
z oos____ X7 X o
TEXAS {’f
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TLC5502

8-BIT ANALOG-TO-DIGITAL CONVERTER

TYPICAL CHARACTERISTICS

IDEAL CONVERSION CHARACTERISTICS

11111111 T T 255
See Note 2
11111110 [ 254
11111101 v ! 253
° . 4 ':;s .
3 MHUEE
© 10000001 VET = VFs —| 129
2 1/2 LSB a
5 10000000 I 128 &
o VzT | @
EO1111111LVZS+1/2LSB l 127
2 4 | / [
o o 7 b
. sz | .
Vzs)
00000010 /’/ {2
|
00000001 — 1
|
00000000 4o
© ® © © ¢ o T N 29
: 8 S (XX ; 8 g oo g g)’ 8 8 3
& ™ o m ¢ < OW
<
V)—Analog Input Voltage—V g
FIGURE 1 _2
>
END-POINT LINEARITY ERROR o
11111111 255 o
11111110 l/ 254 ‘6
P 3
11111101 } 253 <
o leEL61 o
: Z | M el
o aunk :
© 10000001 | 1129
5 ':J,A MEL33 | | o
£ 10000000 128 2
3 E/V“ MEL32 | o
= 127
E 01111111 v k—EL31 I
= . / | .
(=] . .
. ip/ ! .
1
|
T 2
00000010 EJ/A Lz 0
|
1
00000001 I/"“ W EL 0
00000000 Llo
V|—Analog Input Voltage—V
FIGURE 2
NOTE 2: This curve is based on the assumption that Viefg and ViefT have been adjusted so that the voltage at the transition from
digital O to 1 (VzT) is 4.000 V and the transition to full scale (VfT) is 4.992 V. 1 LSB = 16 mV.
i
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TLC5502
8-BIT ANALOG-TO-DIGITAL CONVERTER

PARAMETER MEASUREMENT INFORMATION

MEASUREMENT
POINT Vce

RL = 2 kO
T0
DIGITAL
ouUTPUT

(D5)

Cp = 15 pF

FIGURE 3. LOAD CIRCUIT
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TLC5602
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER

D3224, FEBRUARY 1989

® 8-Bit Resolution N
o . DUAL-IN-LINE PACKAGE
+0.2% Linearity (TOP VIEW)
Maximum Conversion Rate . . .
30 MHz Typ ANLG GND [ (U1s[] Do (LsB)
20 MHz Min DGTL Vpp[J2 17[] D1
® Analog Output Voltage Range of COFI(\Q';E; :2% 3;2;
VectoVee - 1V ANLG Vpp[]s  14[] D4
TTL Digital Input Voltage AouUT(le 13[]D5
. . ANLG Vpp[]7 12[] D6
-V S |
5-V Single Power Supply Operation DGTL Vpp [ 111 07 (MsB)
® Low Power Consumption . . . DGTL GND[]9 10[] CLK
80 mW Typical
® Interchangeable with Fujitsu MB40778 FUNCTION TABLE
L. STEP DIGITAL INPUTS OUTPUT
description D7 D6 D5 D4 D3 D2 D1 DO| VOLTAGE!
The TLC5602 is a low-power ultra-high speed 0 L L L L L L L L) 3980V
video digital-to-analog converter that uses the 1 L L L L L L L Hj 3984V

LinEPIC™ 1-um CMOS process. The TL5602 ! ! !
converts digital signals to analog signals at a 197l L B M H H H H H| asssv
sampling rate of dc to 20 MHz. Because of high- welw LU oL oL oL oL 4492V

w

. R X »
spged op.eratlon, th.e T!_.CSGOZ is suntablg .for 29l m L L L L L L H| aasv ;
digital video applications such as digital K . .
television, video processing with a computer, I | ! Q2
and radar-signal processing. 264 H H H H H H H L| 499V z

. . . 255 H H H H H H H H 5.000 V —
The TLC5602 is characterized for operation from a
0°C to 70°C. TFor Vpp = 5V, Vief = 3.976 V. -
Q
functional block diagram .g
compP e
i a
REF
| CURRENT
BUFFER SWITCHES
DRIVER WITH
WITH RESISTOR
CLK > REGISTER
/
N ~7e3 Ix4 A OUT
D7-DO £—{ pECoDE )
/
/3 Ix1
LinEPIC is a trademark of Texas Instruments Incorporated.
PRODUCT PREVIEW documents contain information . Copyright © 1989, Texas Instruments Incorporated
on products in the formative or design phase of v}
development. Characteristic data and other T
specifications are design goals. Texas Instruments 3-61
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TLC5602

LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER

schematic of digital input and analog output

EQUIVALENT OF EACH DIGITAL INPUT
DGTL DGTL
Vbp Vbp
Dn } -
ANLGT DGTLY
GND GND

EQUIVALENT OF ANALOG OUTPUT
o ANLG
Vop
80 0
A OUT
L ANLG!
GND

TANLG GND and DGTL GND are not connected internally and should be tied together as close to the device as possible.

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

Supply voltage range, ANLG VDD, DGTL VDD .« -+« o oo oo -05Vto7V
o Digital input voltage range, V| . ... .. . . . -05Vto7V
- Analog reference voltage range, Vief - . . .« o oo i it it 3.5V toVpp+05V
8_ Operating free-air temperature range . . . . ... .. ..ttt 0°C to 70°C
c Storage temperature range . . .. ... ..ttt -55°C to 150°C
Q Lead temperature 1,6 mm {1/16 inch) from case for 10seconds. ... .................. 260°C
3 recommended operating conditions
2 MIN NOM MAX UNIT
@ | Supply voltage, Vpp 4.75 5 525| V
E Analog reference voltage, Vet (see Note 1) 3.8 4 4.2 \
(7] High-level input voltage, V|4 2 \
Low-level input voltage, V)i 0.8 \
Pulse duration, CLK high or low, tyy 25 ns
Setup time, data high before CLK?, tg, 12,5 ns
Hold time, data high after CLK*, tp 12.5 ns
Phase compensation capacitance, Ccomp (see Note 2) 1 uF
Operating free-air temperature, Ta 0 70 °C
NOTES: 1. Vef shouid be greater than or equal to Vpp — 1.2 V.
2. The phase compensation capacitor should be connected between COMP and ANLG GND.
m
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TLC5602
LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER

electrical characteristics over recommended ranges of supply voltage and operating free-air temperature

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
IIH High-level input current Vpp = 5.26V, V| =27V 1 nA
I Low-level input current Vpp = 5.25V, V] = 0.4V -1 A
Iref Input reference current Vief = 4V 1 A
VEs  Full-scale analog output voltage VoD = 5V, Vyef = 4 V Vpp-15 Vpp Vpp+156 mV
Vzs Zero-scale analog output voltage 3.919 3.98 4.042 \Y
o QOutput resistance Ta = 25°C 60 100 Q
C; Input capacitance fclock = 1 MHz, Tp = 25°C 15 pF
IDD Supply current Vief = 4.05 V 16 25 mA

operating characteristics over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
EL Linearity error, best-straight-line +0.2%
Ep Linearity error, differential +0.1%
Ggiff Differential gain NTSC 40 IRE modulated ramp, 2%
¢ditf  Differential phase felock = 14.3 MHz 2°
tpd Propagation delay, CLK to analog output Cp = 10 pF 25 t ns
tg Settling time to within %2LSB CL = 10 pF 30 ns
TAll typical values are at Vpp = 5V and Tp = 25°C.
2
PARAMETER MEASUREMENT INFORMATION %’
o
—tg, —Ple—P—1;, o
| —\
D7-D0 Xso% | Xso% °
=}
-ty —Dli—tw—q o
| I | o
CLK 50% 50% 50% a
| \ /\A—: nLsB
A OUT | 50%
+—/| |
l—t—ts—l
'pd—‘k—ﬂ
FIGURE 1. VOLTAGE WAVEFORMS
T i
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TLC5602

LinEPIC™ 8-BIT DIGITAL-TO-ANALOG CONVERTER

SMB3IA31d 19npoid u

Vo —Analog Output Voltage—V

Vo —Analog Output Voltage—V

TYPICAL CHARACTERISTICS

IDEAL CONVERSION CHARACTERISTICS

5.000 T T T T
Vpp = 5.000 V SZTEP
4996 I"vpef = 3.976 V STEP.
4.992 253
. /
. STEP|
4.496 129
STEP
4.492 128
STEP
4.488 127
o /
. STEP| ,
3.988 — 2
3.984 STEP
1
3.980 P
o = o - 9 35 S @ ¢
$835..-88..2 ¢
S O O e e O 9O o o T = ©
S © o - o 9 - - -
S 8 8 = 8 3 T =
8 8 8 s 2 ° - T -
Digital Input Code
FIGURE 2

5.000 7T ' 3
Vpp = 5.000 V Vrs{_1255%
4.996 }— il -
Vief = 3.976 V EL254 3| _1F
4.992 ;Z—-*-
¢ EL129 ,/‘-”,t
N 24 /& | EL2s3
EL128  2°\
4.496 Bk
EL127 |7 ? v\0
4.492 Py
4.488 T,,\g\*
. S
A S
3;88 FLo_ -
' /J"'*' UELo
3.984 e
3 —F='fvzs
3.980 L2
o T © - o = - o =
g 8 s c 8 8 e - ¢
S g 8°°- 88 T =T
S 8 8 = 8 8 pul
8 © o QO = - - -

BEST-STRAIGHT-LINE LINEARITY ERROR

Digital Input Code
FIGURE 3
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

D2166, OCTOBER 1986 —REVISED FEBRUARY 1989

® Advanced LinCMOS™ Silicon-Gate
Technology

® Monotonic Over the Entire A/D Conversion
Range

Fast Settling Time
CMOS/TTL Compatible

Four-Quadrant Multiplication

Designed to be Interchangeable with Analog
Devices AD7533, AD7520, and PMI
PM-7533

KEY PERFORMANCE
SPECIFICATIONS
Resolution 10 Bits
Linearity Error 1/2 LSB
30 mw
150 ns

Power Dissipation

Settling Time

description

The TLC7533 and AD7533 are Advanced
LinCMOS™ 10-bit digital-to-analog converters
featuring two- and four-quadrant multiplication.

The TLC7533 and AD7533 are functionally
equivalent to the AD7520 and have the same
pinout. Texas Instruments advanced thin-film-
on-monolithic-CMOS fabrication process
provides 10-bit linearity without laser trimming.

The TLC7533 and AD7533 feature TTL or
CMOS compatibility with low input leakage
currents from 5-V to 15-V power supplies.
Output scaling is provided by an internal
feedback resistor and an external operational
amplifier. Either positive or negative reference
voltages can be used.

The TLC7533C and AD7533I are characterized
for operation from —-25°C to 85°C. The
TLC7533L and AD7533C are characterized for
operation from 0°C to 70°C.

Advanced LinCMOS is a trademark of Texas Instruments Incorporated.

(MSB) BIT 1

TLC7533 ... D OR N PACKAGE
AD7533 ... N PACKAGE

(TOP VIEW)
out 1 [+ Uis[dRrB
out 2[J2  1s[JREF
GNno[s 14[dvpp
(MsB) BIT 1[Ja  13[]BIT 10 (LSB)
BIT2(]s 12[dBIT9
BIT3E6 nsiTs
BT4]? 0[BT 7
BIT 5[]s 9[1BIT 6

FN CHIP CARRIER PACKAGE

(TOP VIEW)
N —
= =
Soo0fl
OO0 zZzoaxoax
3 2 19
GND[] 4 18(]Vpp
5 17(]8BIT 10 (LSB)
NC[) 6 16[INC
BIT 2[] 7 15[]BIT 9
BIT 3[)8 14QB:T8
9 1011 12 13
< 0 QO O~
EEZEE
o o @ o

NC —No internal connections

AVAILABLE OPTIONS

SYMBOLIZATION T OPERATING
DEVICE PACKAGE | TEMPERATURE
SUFFIX RANGE
TLC7533C| D, FN, N Q0°C to 70°C
TLC75331 | D, FN, N | —25°C to 85°C
AD7533C FN, N —25°C to 85°C
AD7533L FN, N 0°C to 70°C

T in many instances, these ICs may have both

TLC7533 and AD7533 labeling on the

package.

w

Product Previews

PRODUCT PREVIEW information concerns products
in the formative or design phase of development.

hd

Characteristic data and other specifications are design
goals. Texas Instruments raserlvl:es the right to change TEXAS
or discontinue these products without notice. lNSTRUMEN'rS
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

SMDIINBId IONpOoId u

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

NOTE

Supply voltage, VDD (see Note 1) . ... ... .. i e i -0.3Vto17V
Digital input voltage, V| .. ... .. .. -0.3to Vpp+0.3V
Output voltage at TA = 25°C, OUTT1and OUT2 ... ... .ttt +25V
REBtoground at TA = 25°C. .. ... it e -0.3 Vto VpD
Reference voltage, Vigf . . . . o oo oot +25V
Operating free-air temperature range: TLC75331, AD7533C.................. —25°C to 85°C

TLC7533C, AD7533L . . ..o oi i 0°C to 70°C
Storage temperature range . . .. ... ..v vttt 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: D or N package ........ 260°C
1: All voltage values are with respect to the network ground terminal.

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp 5 16.5 \%
Reference voltage, Vyef +10 \
High-level input voltage, V|4 2.4 \2
Low-level input voltage, Vi 0.8 \
Operating free-air temperature, TA TLC75331, AD7533C -2 85 °C
TLC7533C, AD7533L 0 70

electrical characteristics over recommended operating temperature range, Vpp = 15V,

Vief = £10 V, OUT1 and OUT2 at O V (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
likg  Input leakage current V| = 0 or Vpp +1 A
T Input resistance, REF (see Note 2) 5 20 kQ
Full 2
ouT1 Digital inputs at V)| 2‘; 0:"99 ii gg
| 1] | A
Otks Outputfeskage cunent ouT2 Digital inputs at V. Ful range 200 | "
ghtal e H 25°C £50
K Supply voltage sensitivity Vpp = 14Vt 17V, Full range 0.008 ‘%/%
SVS  AAy/AVpp (see Note 3) Digital inputs at Vi or V)i 25°C 0.005
Ipp Supply current 2 mA
Ci Input capacitance Vi = O or Vpp 5 pF
1 100
A 83:2 Digital inputs at Vi 25
Co OQutput capacitance oUTT 35 pF
ouT2 Digital inputs at V| 700

NOTES: 2. Temperature coefficient is approximately — 300 ppm/°C.

3. Ay is the ratio of the D/A external operational ampilifier output voltage to the REF input voltage when using the internal feedback
resistor.
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

operating characteristics over recommended operating free-air temperature range, Vpp = 15V,
Vref = 10 V, OUT1 and OUT2 at O V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX [ UNIT

Relative accuracy See Note 4 +0.05 | %FSR
Full range +1.5

Gai Digital inputs = V|4, See Notes 4 and 5 %FS
ain error igital inputs |H. See Notes 4 an 25°C 12

To £0.05% FSR, R, = 100 Q

Digital inputs changing from V| to V), or V| to V|4
Digital inputs at V),

Vief = £10 V sine wave at 100 kHz

Output current settling time 150 ns

Feedthrough error +0.1 | %FSR

NOTES 4. Practical Full Scale Range (FSR) = Vigf — 1 LSB.
5. Gain error is measured using an internal feedback resistor, Full Scale (FS) = V ef (1023/1024). Maximum gain change from
Ta = 25°C to minimum or maximum temperature is +0.1% FSR.

w
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

W

d 19npoid

SMB3INBI

PRINCIPLES OF OPERATION

The TLC7533 and AD7533 are 10-bit multiplying D/A converters consisting of an inverted R-2R ladder
and analog switches. Binary-weighted currents are switched between the OUT1 and OUT2 bus lines by
NMOS current switches. The on-state resistances of these switches are binarily scaled so that the voltage
drop across every switch is the same. The OUT1 and OUT2 bus lines should be maintained at the same
potential so that the current in each ladder leg remains constant and is independent of the switch state.
Most applications require only the addition of an external operational amplifier and a voltage reference.

The equivalent circuit for all digital inputs low is shown in Figure 1. With all of the digital inputs low, the
entire reference current, lyef, is switched to OUT2 as shown in Figure 2. The current source lrgf/1024
represents the constant current flowing through the termination resistor of the R-2R ladder; while the current
source l|kg represents leakage currents to the substrate. The output capacitances, Co(1) and Co(2), are
due to the capacitance of the NMOS current switches and vary with the switch state. With all digital inputs
low, all of the current switches and the entire resistor ladder are switched to the OUT2 bus line. The
capacitance appearing at OUT2 is a maximum of 100 pF; at OUT1 there is a maximum of 35 pF. With
all digital inputs high, all of the current switches are switched to OUT1, and 100 pF maximum appears
at OUT1. A maximum of 35 pF appears at OUT2 as shown in Figure 3. '

R R R
REF
2R 2R

i i | I -

: Lo dio I o

I 7 : o' f—o : ouT2
A 6 i ,’[——-————(6 b—mﬂ ouT1
BIT1 BIT2 BIT3 BIT10 RFB

R

RFB
ouT1

Vref ouT2 ouT2
lref/102: 100 pF [ T 35 pF
T : T
FIGURE 2. D/A EQUIVALENT CIRCUIT — FIGURE 3. D/A EQUIVALENT CIRCUIT —
ALL DIGITAL INPUTS LOW ALL DIGITAL INPUTS HIGH
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

TYPICAL APPLICATION DATA

The TLC7533 and AD7533 are capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit
configurations for 2-quadrant or 4-quadrant multiplication are shown in Figures 4 and 5. Input coding for
unipolar and bipolar operation are summarized in Tables 1 and 2, respectively.

15V V)
RA = 2 kO
(see Note 6)
Rp (see Note 6)

VDD REF  RFB C1 (see Note 7)

DIGITAL BTl qic7s33  OUT! >
INPUT : OR Vo
D) AD7533 .

BIT10
w /)

FIGURE 4. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION)

w

vV

[/}
Ra = 2 k{2 3
<V(see Note 6) S
(4 Rg (see Note 6) S
.- >
p
VDD REF  RFB C1 (see Note 7) b—Vo a
ey
AN
DIGITAL BT ric7s33  OUT? > 7S
INPUT : oR -g
L]
o gTio  AP7533 oy + S
GND &

FIGURE 5. BIPOLAR OPERATION (4-QUADRANT OPERATION)

NOTES: 6. Rp and Rp are used only if gain adjustment is required.
7. Cq (10-33 pF) may be required for phase compensation when using high-speed op-amps.

TABLE 1. UNIPOLAR BINARY CODE TABLE 2. BIPOLAR (OFFSET BINARY) CODE
DA;:;G'TQZ::PUT ANALOG OUTPUT DA;:;G‘T/:;::PUT ANALOG OUTPUT

1111111111 -V (1023/1024) 1111111111 +V) (511/512)

1000000001 -V| (513/1024) 1000000001 +V(1/512)

1000000000 ~V| (612/1024) = -V gf/2 1000000000 0

0111111111 -V (511/1024) 0111111111 -V (1/512)

0000000001 -V (1/1024) 0000000001 -V (611/512)

0000000000 -V, (0/1024) = 0O 0000000000 -V (512/512) = -V,

T11sB = (2-10) vy
¥11sB = (29 v
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TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

‘ TYPICAL APPLICATION DATA

The TLC7533 and AD7533 may be used in voltage output operation as shown in Figure 6. In this
configuration, the input voltage is applied to the OUT1 terminal and the output voltage is taken from the
REF terminal. The output voltage varies with the digital input code according to the equation shown. The
output should be buffered to prevent loading errors due to the high output resistance of this circuit (typically
10 kQ). The input voltage should not exceed 1.5 V to ensure nonlinearity errors less than 1 LSB.

15V Vo = 2TDO oV
Vbb REF
DIGITAL[ B! qic7s33  OUT! V=15V
INPUT > e OR
ol A erio AP7533  ourz
GND

i 4

FIGURE 6. VOLTAGE OUTPUT OPERATION

By connecting the DAC in the feedback‘of an op-amp as shown in Figure 7, the circuit behaves as a
programmable gain amplifier with the transfer function:

1024
VO - _VI <T>

where D = Digital Input Code (expressed as a decimal number)

SMaIN3ld 19Npoid m

15V
v GAIN TABLE
] D Vo/V)
VDD REF  RFB 1023 | -1.00097
AN -
DIGITAL BT1 1ic7533  OUTI 2 5121 -2
INPUT > . OR Vo 256 | -4
(D) ° AD7533 128 | -8
ouT2 -
, BIT 10 o
GND 1] -1024
-t__— O | open loop

FIGURE 7. PROGRAMMABLE GAIN AMPLIFIER
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INSTRUMENTS

\POST OFFICE BOX 655012 « DALLAS, TEXAS 75265



TLC7533, AD7533
Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING
DIGITAL-TO-ANALOG CONVERTERS

TYPICAL APPLICATION DATA

The programmable function generator shown in Figure 8 produces both square and triangular wave output
at a frequency determined by the digital input code. The digital input of the digitally programmable limit
detector shown in Figure 9 determines the trip point of the PASS/FAIL output. For a digital input of
00000 00000, the threshold is O V, for 11111 11111, the threshold is —V ef.

SQUARE WAV
155V

Cx <
| 10 k03
I
Vpp REF LAY
DIGITAL BIT1  tic7533  OUTY b - -
INPUT > M OR > TRIANGLE
. WAVE
Lo - grio AP our2 + b ;
GND = 1024 <8—ﬁ) 3
Ry =~ 10 k0
— g
FIGURE 8. PROGRAMMABLE FUNCTION GENERATOR )
>
15V Vref e
o.
TEST INPUT (0 TO = Vygp) -
[ Q
Vpp REF  RFB >
N =]
DIGITAL BT qic7s33  OUT! o
INPUT . OR PASS/FAIL OUTPUT a
L]
o L Z Jarie AP7533  our2
GND

D
THRESHOLD = -V,
| ’ef<1024)

FIGURE 9. PROGRAMMABLE LIMIT DETECTOR
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TLC7533, AD7533

Advanced LinCMOS™ DUAL 10-BIT MULTIPLYING

DIGITAL-TO-ANALOG CONVERTERS

SM3INald 1onpoid u

TYPICAL APPLICATION DATA

15V Vref
REF  RFB
AN
DIGITAL BT ric7s33  ouTt
INPUT : OR
(D) Z Jario AD7533  gp,
GND

bl
ry
O—AAA
VW~

‘P
’\ R2g

-

Vo =

+
Vyet Ro _ D R4
"H\R7+Ry) 1024 (R7+R2

where: 0 < D < 1023

FIGURE 10. MODIFIED SCALE-FACTOR AND OFFSET

15V Vyef
10 k@ 10 kQ
Vop  REFRFS ANALOG
a BIT1 ouT1 D SWITCH
MAGNITUDE . TLC7533
BITS . OR q\o_
aiIT10 AD7533  ouT2 ;,,/" )
1 5 kQ
GND __L——O
—1 A
SIGN BIT >
FIGURE 11. 10-BIT AND SIGN MULTIPLYING D/A

—Vo
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ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed
in the page heading regardless of package. The availability of a circuit function in a particular package is shown
in the ‘'Available Options’’ table on each data sheet and is usually denoted by an alphabetical reference above
the pin-connection diagram(s). These alphabetical references refer to mechanical outline drawings shown in
this section.

Factory orders for circuits described in this data book should include a four-part type number as explained in
the following example.

EXAMPLE: TLC 544M J  /883B

/

Prefix
MUST CONTAIN TWO OR THREE LETTERS

TL oo TI Linear Products
TLC ..... Tl Linear Silicon-Gate CMOS Products

STANDARD SECOND-SOURCE PREFIXES

AD . ... Analog Devices ADC ........ National
ICL ... .. Intersil

Unique Circuit Description Including Temperature Range

MUST CONTAIN TWO TO SIX CHARACTERS
(From Individual Data Sheets)

Exampiles: 10 1255A
191 32040C
1540

Package

MUST CONTAIN ONE OR TWO LETTERS

D, DW, FK, FN, J, JD, N, P
(From Pin-Connection Diagrams on Individual Data Sheet)

MIL-STD-883B, Method 5004, Class B

Mechanical Data E

OMIT/883B WHEN NOT APPLICABLE

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer
(with possible additional costs), circuits will be shipped in the most practical carrier.

Small Outline (D, DW) Chip Carriers (FK, FN)
Dual-In-Line (J, JD, N, P)
—Slide Magazines — Anti-Static Plastic Tubing

—A-Channel Plastic Tubing
—Sectioned Cardboard Box
—Individual Cardboard Box

xas WP
INSTRUMENTS
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MECHANICAL DATA

D008, D014, and D016 plastic ‘‘small outline’” packages

Each of these “'small outline”’

packages consists of a circuit mounted on a lead frame and encapsulated

within a plastic compound. The compound will withstand soldering temperature with no deformation, and
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads
require no additional cleaning or processing when used in soldered assembly.

D008, D014, and DO16
(16-pin package used for illustration)

A

00

¥ HHHHHA

6,20 (0.244) T

5,21 (0.205)

45° 2.60 (0.181) 0,229 (0.0090)
0,190 (0 0075)

\‘, 7° NOM

4 PLACES

5,80 (0.228)
4,00 (0.157)
3,81 (0.150)
i T
«  HHUUUOUHE
1,75 (0.069) — 7° NOM 0,50 (0.020)
1,35 (0.053) 4 PLACES 0,25 (0.010)
} i
PO oy =
0,203 (0.008) _T
0,102 (0.004) 0,457 (0.018)
0,356 (0.014)
0,79 (0.031)
0.28 (0011 PIN SPACING
1.27 (0.050)
(See Note A)
PINS s 14 16
DIv
4,80 8,55 9,80
A MIN
(0.189) | (0.337) | (0.386)
5.00 8,74 10,00
A MAX
(0.197) | (0.344) | (0.394)

i

1,12 (0.044)
0,51 (0.020)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
. Body dimensions do not include mold flash or protrusion.

B
C. Mold flash or protrusion shall not exceed 0,15 (0.006).
D. Lead tips to be planar within +0,051 (0.002) exclusive of solder.

TeExas {P
INSTRUMENTS
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MECHANICAL DATA

DWO016, DW020, DW024, and DW028 plastic ‘’small outline’’ packages

Each of these ‘'small outline’’ packages consists of a circuit mounted on a lead frame and encapsulated
within a plastic compound. The compound will withstand soldering temperature with no deformation, and
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads
require no additional cleaning or processing when used in soldered assembly.

DWO16, DW020, DW024, and DW028
(20-pin package used for illustration)

A

NAAANAAAARRA

10,65 (0.419)
10,15 (0.400)

7,65 (0.297)
7,45 (0.293)

@ 10

LHUHEUHEEE

_» 7° NOM
9,0 {0.354
2,65 (0.104) 4 PLACES (0.354)
2,35 (0.093) 0.5 (0.02) X 4591 86 (0.338) >
[ Y _
W L
T 1]

L

oz0012) T | 1 | J L—O‘,,go (0.019) :40 J\rr NOM
0,10 (0.004) ] | 0,350 (0.018) 0,320 0.003) 4 PLACES
0,785 (0.031) Lo 0.230 (0.009) 1,27 (0.050)
0.585 (0023 t 0,40 (0.016)
g 1.27 (0.050) TP {See Note A)
(1]
(2]
g PINS t
16 20 24 28
3 DIM
O 10,16 12,70 15,29 17,68
A MIN
ﬁ_’ (0.400) | (0.500) | (0.602) | (0.696)
10,36 12,90 15,49 17,88
) A MAX
o (0.408) | (0.508) | (0.610) | (0.704)
~*
o ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
TThe 28-pin package drawing is presently classified as Advance Information.
NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.

B. Body dimensions do not include mold flash or protrusion.

C. Mold flash or protrusion shall not exceed 0,15 (0.006).

D. Lead tips to be planar within +0,051 (0.002) exclusive of solder.

U
4-6
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MECHANICAL DATA

FKO020 and FK028 ceramic chip carrier packages

Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid
and braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050-inch)
centers. Terminals require no additional cleaning or processing when used in soldered assembly.

FK package terminal assignments conform to JEDEC Standards 1 and 2.

FK020 and FK028
(28-terminal package shown)

CERAMIC CHIP CARRIERS

oiJETE:.ElﬁE NO. OF A 8
X
e - | TERMINALS MIN  MAX MIN  MA
8.69 5,09 7,80 9.09
Msoo4cs 2 (0.342)  (0.358) | (0.307)  (0.358)
T23 1163 | 1031 1163
Msoo4ce 8 (0442) _ (0.458) | (0.406) _ (0.458)

*All dimensions and notes for the specified JEDEC outline apply.

INDEX CORNER —

051(0.020) _
0,25 (0.010) ‘

- ©
1 05100020 s
0,25 (0.010) 8
s g
1,40 (0.055) - =
11470.045) 1,14 (0.045) ]
l ! 0,89 (0.035)
071 (0.028)_4 }k
056 (0.022) 1:27 (00501 TP 1,14 (0.045) ~———f’2§ ‘3‘32”
0,89 (0.035) 63 (0.064)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Texas {5’ 47
INSTRUMENTS
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MECHANICAL DATA

FNO20, FN028, FNO44, FN0O68, and FNO84 plastic chip carrier packages

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with
no deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050)

centers. Leads require no additional cleaning or processing when used in soldered assembly.

(28-terminal

FNO020, FN028, FN044, FNO68, and FN0O84

1 \

used for ill

1,22 (0.048) o

4,50 (0.177)

4,24 (0.167)

2,79 (0.110)

a5 |~ 2.41(0.095)
1,07 (0.042) 1.35(0053) o | 094 (0037)
T;‘- O 1,19 (0.047) /0,69 (0.027)
! s 4 3 2 1 2 2 2% h
6 24
7 23 C (AT SEATING PLANE)
A Bjs 22
9 2 j
1,27 (0.050) T.P.
1 20 (See Note B)
0 19
‘ 12 13 14 15 16 17 18 |
L———B———-‘ 0,25 (0.010)
{ (See Note A) 4 3PLACES H MAX SEATING PLANE
i A 1 (See Note C)
NO. OF A B c
g TERMINALS MIN MAX MIN MAX MIN MAX 0,81(0.032)
(1] 20 9,78 10,03 8,89 9,04 7.87 8,38 0,66 (0.026)
g {0.385) (0.395) {0.350) (0.356) (0.310) 10.330) 1,52 (0.060) MIN
o 28 12,32 12,57 11,43 11,58 10,41 10,92
= (0.485) (0.495) (0.450) (0.456) (0.410) (0.430) —
- a4 17,40 17,65 16,51 16,66 15,49 16,00 0,64 (0.025) MIN
o (0.685)  (0.695) | (0.650)  (0.656) | (0.610)  (0.630) 0,51(0.020) W_¥
o 25,02 25,27 2413 24,33 23,11 23,62 036 '(0‘_,014)_" | b
— 68 E
(0.985)  (0.995) | (0.950)  (0.956) | (0.910)  (0.930) LEAD DETAIL
O 30,10 30,35 29,21 29.41 27.69 28.70
2 84 (1.185) (1.195) (1.150) (1.158) (1.090) (1.130)
o
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
NOTES: A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points are planar within 0,10 (0.004).
Texas WP
4-8 l
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MECHANICAL DATA

JO014 ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame.
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional
cleaning or processing when used in soldered assembly.

Jo14

19.94(0.785)
19,18 (0.755)

VOOOOOO

0,63 (0.025) R NOM

L 7,87 (0.310) LYAYAVAVAVAVAY)
7.1 (o.z7ég)7 02901 0JOJOX0JOI0)0)

[~ 6,22 (0.245)
—» r< 1,78 (0.070) MAX 14 PLACES %

020) MIN
‘.j L 127 0,51 (0.020)
(0.050) NOM

1 ], _ GLASS
5,08 (o 200) i 4 SEALANT
[y

MAX

—SEATING PLANE Y
105° ’{ 0,69 (0.027) MIN
90° 14 PLACES

TAPLACES e l'— I e 25B10023) 1 pces

™ 0,38 (0.015)
0,36 (0.014) 3,30 (0.130)4 -
0,20 (0.008) MIN 2,54 (0.100) ! (See Notes B & C)

14 PLACES 1,78 (0.070) PIN SPACING 2,54 (0.100) T.P.
4 PLACES (See Note A)

Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the
seating plane.

Mechanical Data

Texas W
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MECHANICAL DATA

JO18 ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame.
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional
cleaning or processing when used in soldered assembly.

Jo18
'q————23,1 (0.910) MAx——oI
DEOOA®O®
) q VLAWY

L 787(0.310)
F57(0200) 063 (00251 R NOM\%

§or 0218 FATATATAVATATATAN
OOOOOOOO®O

—.t 1,27 (0.050) NOM 0,51 (0.020) —bl rq 78(0.070) MAX 18 PLACES
: ‘ MIN

GLASS
5,08 (0.200) o SEALANT
MAX ,
SEATING —
105° PLANE  330(0.130) || 9,52 0.027) MIN
° MIN
18 PLACES (See Notes B & C)
0356 (0.014) ¥ 0,58 (0.023)
—»\* 5203 0.008) 0,38 (0.015)
18 PLACES 1,27 (0.050) 18 PLACES

PIN SPI(\sCsIle\(liofé?)(O.wD) 38 (0.015)
4 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the
seating plane.

eieq |ediueyosi\

410 ﬁms*f
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MECHANICAL DATA

J020 ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a iead frame.
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows
on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Tin-plated (‘‘bright-dipped’’) leads require no additional

cleaning or processing when used in soldered assembly.

Jo20
- 24,76/(0.975)
I‘ 23,62(0.930) =“
ODOEO®O@O
(NN LS |
0,63 (0.025) R NOM
¢ ¢
| 7.87(0.310)
7,37 (0.290)
e 7,62 (0.300) PVYYVYY VYRS

6,22 (0.245) @@@@@@@@

0,51 (0.020)
—-‘ i‘ 1,27 (0.050) NOM $ MIN " ’d— 1,78 (0.070) MAX 20 PLACES

GLASS
5,08 (0.200) SEALANT
MAX
_SEATING
o
—1133 PLANE 330 (0.130) [} 050 (0.0
MIN 16 PLACES
20 PLACES
0,36 (0.014)
A 0,20 (0.008) 0,305 (0.012) MlN.{ " g,gg :g'gfg;
20 PLACES 4PLACES 038 (0.075)
1,27 (0.050) 20 PLACES
0,387(0.015)
4 PLACES (See Notes B & C)

PIN SPACING 2,54 (0.100) T.P.
(See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the

seating plane.

Mechanical Data
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MECHANICAL DATA

JO28 ceramic dual-in-line package

This hermetically sealed dual-in-line package consists of a ceramic base, ceramic cap, and a lead frame.
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows
on 15,24 (0.600) centers. Once the leads are compressed and inserted, sufficient tension is provided to
secure the package in the board during soldering. Tin-plated (*‘bright-dipped’’) leads require no additional
cleaning or processing when used in soldered assembly.

Jo28
37,1 (1.460) MAX—J
elalelelelelelalelelelolole)
ANAANANNNANNNNN
0,63 (0.025) R
15,49 0.610) & uzos
Missm.ssu)—" 13,1(0.515) ®@@@®@®®®@®
) 191 (0.075) 5,7 0.225)
— 1,27 (0.050) NOM I 1.2710.050) 1.78(0.070) MAX 28 PLACES o o~ [ 38 10.150)
GLASS SEALANT |
f SEATING PLANE?——
l/gng 2PLACES 1.78 (0.070) “_ AL
0,30 (0.012)—#fe- 0.51(0.020) 40610160 o o
0,20 (0.008) "—'l 0.71(0.028) 17 (0.125)
28 nng:: 051 (0.0201 L wriaces —J o
0.410.016) (See Notes B & C) 254 (0.100)
[ 54 (0.100) TP, -
28 PLACES N stc‘:i:;z:: (Ao)unn T5710060) 4 PLACES
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

ejeq |ediueyoay

B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the

seating plane.

TEXAS *’P
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



MECHANICAL DATA

JD024 and JD028 ceramic side-braze dual-in-line packages

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, metal can, and side-
brazed tin-plated leads. These packages are intended for insertion in mounting-hole rows on 15,14 (0.600)
centers. Leads require no additional cleaning or processing when used in soldered assembly.

JD024 and JD028

—

B MAX

C NOM

INDEX MARK
(DOT. TRIANGLE,—\‘
OR NUMBER)

oo
O ~
¢
1.78 (0.070)
A e
0.51 (0 020) MIN 0.76 (0 0301"1 ]'_
pr— - %
l 5.08 (0.200) MAX
¥ __ SEATING
PLANE —F
‘,19%5: 3.18 (0.125) MIN
-+

1,91 (0.075) MAX
0.38 (0.015) 4 PLACES
0.20 (0.008 2.54 0.100) NOM 0.53 (0.021)

T's":::’:i"‘i? 038(0015)

— PINS (N[ 28
A +0.51 (+0020) 15.24 | 1524
-0.25(-0.010) (0,600) (0.600)

B (MAX) 31.8 36.8
(1.250) (1,450)

C (NOM) 15,0 15,0
(0.590) | (0.590)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NQTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Mechanical Data
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MECHANICAL DATA

NO14 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. The package
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO14
19,8 (0.780) .
18,0 (0.710) g
ANA N
2,4 (0.093) R NOM — ~—fr3
| 762:025 ) 2,8 (0.110) NOM ——|= |
0.300 + 0.010
(635*025 VAV AWANVAVAVAYS
0250 = 0,010) 0]6]©]0]6]0]0)
L 2,0 (0.080) NOM
78 (0.070) MAX 14 PLACES
¥ _ ——’ }-4—1, 8 ( )
[y 0,51 (0.020) | ] l
0,26 (0.010) 5 gg (0.200) MAX MIN
NOM 08 € ; L] _\
K — SEATING PLANE § [ 0,84 (0.033) MIN
%g‘ 14 PLACES
14 PLACES 0,36 (0.014)
e 0,25 (0.010)] 05533 (0.021)
14 PLACES 3,17 (0.125) MIN 0,381 (0.015)
14 PLACES
(See Notes B and C) 2,03+ 051
8 v - ,4— {See Notes B and C)
(0.080 ¢ 0.020)
4PLACES PIN SPACING 2,54 (0.100) T. P.
(See Note A)
Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.

ejeq [eslueyody

%
414 INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



MECHANICAL DATA

NO16 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation,
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO16
q 3
7,62+ 0,25
[(0.300 £ 0.010)
\ 6.35 0,25
(0.250 = 0.010)

—.’ I-——— 2,0(0.080) NOM
]

£0,25 (0.010) NOM

10° SEATING PLANE

e 90°
0,36 (0.014]
TepLaces 4\\‘— 0.25 (0.010]
16 PLACES
(See Notes B and C)

Parts may be supplied in accordance
with the alternate side view at the
option of Tl plants located in Europe
In this case, the overall length of the

2,4 (0.093) R NOM_TE

5,08 (O,Z‘JO) MAX i

I-— 19,8 (0.780) MAX ——1
CICICIGICIPIOIO)

A VAVAYAYAYAYAYal

2,8 (0.110) NOM—fa-dl
|"&YAYAYEYE Y4
OOOOOE @.

iﬂ—1,78 (0.070) MAX 16 PLACES

14

0,51 (0.020)
MIN

? g

o

12 PLACES
0,533 (0.021)
317 (0125} MIN "”'_0331 (0.015)
1,65 (0.065) 16 PLACES
038 (0.015) ™1 (See Notes B and C)

PIN SPACING 2,54 (0.100) T. P.
(See Note A)

4 PLACES

ALTERNATE SIDE VIEW
—o "— 1,78 (0.070) MAX 16 PLACES

I | 0,84 {0.033) MIN

package is 22,1 (0.870) max. 0,51 (0.020) I
508 (0.200) MAX g (1]
¥ -
f 0,84 (0.033) MIN ©
16 PLACES O
3,17 (0.125) MIN —o{ - 0533 (0.021) ¢—u
0,3817(0.015) o
231 0.0%5) (see Notes 8 and ) ‘c
1,02 (0.040) PIN SPACING 2,54 (0.100) T.P. c
4 PLACES (See Note A) ©
L
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 8
NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating
plane.
TEXAS ‘V 415
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MECHANICAL DATA

NO18 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation,
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO18

23,4 (0.920) MAX ———————

.@Q@O@@@.

ATAYTATAYAVANA

2,36 (0.093) R NOM——
762 025
™ (0.300 - 0.010) 4,06 (0.160) NOM ——fa— |

AV AV AV AV AV AV AV AW

6,99 (0.275) MAX @@@@@ @@ @

2,03 (0.080) NOM ~%{ == 178 (0.070) MAX 18 PLACES

0,51 (0.020) | |

[ 0,25 {0.010) NOM MIN

5,08 (0.200) MAX

f N || |} 089 (0.035) min

——SEATING PLANE

105°
90

18 PLACES 18 PLACES
,\\, 0,279+ 0,076 s oimmN —u ja—0457: 0076
(0.011 £ 0.003) (0.018 ¢ 0.003)
18 PLACES 18 PLACES
(See Notes B and C) 1.91(0.075) (See Notes B and C)
0,23 (0.009) PIN SPAC(IS":S'sOSt: 2))100) TP
4PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating

plane.

eieq |ediueyody B
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MECHANICAL DATA

NO20 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation,
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO020
¢ ¢
| 762¢ 0025
(0.300 * 0.010)
. 7,11 (0.280)
6.61(0.260)

2,0 {0.080) NOM

=~ [0,25 10.070) NOM

7
1

®
D@
6]

®O

DA

O
al A

OOEOO
ANANA

2,4(0.093) R NOMHE
]

2,8(0.110) NOM —4

|PAVAVAVAVAVAVAVAVAY

0]0]6J0/0]0]0]0]0]0)

24,77 (0.975)
2322(0914)
—»| | 1,78 10.070) MAX 20 PLACES

5,08 (0. 2}0) MAX k .

SEATING PLA ¥ _.{ 0,84 (0.033) MIN
105 0,51(0.020) 16 PLACES
W MIN
0,36 (0.014) ! 0,533 (0.021)
20 PLACES 0.36 10.014) 053310.0211
——szm 0o ssatorse) k- et oom
20 PLACES : 168 10.066) PIN SPACING 2,54 (0.100) T.P 20 PLACES
(See Notes B and C) 0.2210.009] (See Note A} (See Notes B and C)
4PLACES
] 25,40 (1.000) |
23,62 (0.930)
ALTERNATE SIDE VIEW
—P| [¢1.78 (0.070) MAX 20 PLACES ]
1.91 (0.075) 5.08 ( t ) IL ! |<See Note C) S
At X 0.200) MAX
7,02 (0.040) . (a]
4PLACES
* —{fle—0.8¢ 00331 win —
VIEWA 0,51 (0020) 20 PLACES ©
Parts may be supplied in accordance MIN o
with the alternate side view at the 0533 (0.021) ——
94 (0.155] TR
option of T1. European-manufactured % - 0381 0.015) c
parts may have pin 1 as shown in ) 1,27 (0.050) PIN SP“C('S’“G'3'54 ;ﬂ 100) TP, 20 PLACES ©
view A. Alternate-side-view parts 0,38 10.015) ee Note (See Notes B and C) c
manufactured outside of the USA 4 PLACES O
may have a maximum package length q,
of 26,7 (1.050).
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES E
NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating
plane.
i
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MECHANICAL DATA

NO22 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation,
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The
package is intended for insertion in mounting-hole rows on 10,16 (0.400) centers. Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO22
285 (1.120) MA
amArarararrar
EITHER  — )
OR BOTH
INDEX MARKS &
OOOOOEOOEO®®®
¢
10,16 * 0,25
10.400 £ 0.010)
(See Note B)
| 119,02 (0.355) MAX
I K 0,51(0.020) |
5,08 (0.200) MIN
MAX
___SEATING
105° PLANE K 1 L_o,sa (0.033)
50° | MIN
y 22 PLACES
0.279 = 0,076 plla— 317 (0.125) | b 0.457 = 0,076
Q11+ o.Eoo:n" MIN 0918 + 0003
(See Notes B and C) zrzr(som)%n)n#(.sl 178 log7g (5% Notes B end €1
(See Note A MAX
22 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.
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MECHANICAL DATA

NO28 plastic dual-in-line package

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation,
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The
package is intended for insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Leads require no additional cleaning or processing when used in soldered assembly.

NO028
36,6 (1.440) MAX —
EITHER OR BOTH N 13,97 (0.550) MA.
INDEX MARKS ) ‘ *
D
OOEO®EEOE®®WHEEEW®
15,24 + 0,25
(0.600 * 0.010)
0,51 (0.020)
MIN f -
5,08 (0.200) MAX
__SEATING -
133: PLANE 7 3,17 (0.125) MIN
0,28 + 0,08 046:008_ r— 0,84 (0.033) MIN
(0.011 + 0.003) (0.018 + 0.003) 1271061
28 PLACES 28 PLACES  PIN SPACING 2,54 (0.100) TP, 0.050 + 0020)
(See Notes B and C)  (See Notes B and ) (See Note A) "4 PLACES
1,40 0,18
10.055 + 0.0070)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.
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MECHANICAL DATA

P0O08 dual-in-line plastic package

This package consists of a circuit mounted on an 8-pin lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. The package
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers (See Note A). Once the leads are
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering.
Solder-plated leads require no additional cleaning or processing when used in soldered assembly.

P0O08
—10,2 (0.400) MAX ——»]
INDEX DOT
[ 3 | E I I B
7.62 + 0.25
r (0.300 + 0.010) O 606
(05,235501‘ %0;‘; 1,78 (0.070) MAX
.250 + 0.010) 4“ 8 PLACES
5,08 (0.200) I l
MAX
- seatinG PLANE—§—¢— 0,34 (0.033) MIN
105° GAUGE PLANE 5 51 (0.020) "5 pences
“oF 0,76 (0.030) MIN
& PLACES 0,00 (0.000) F
3,17 (0.125) _’l L_ 0,457 £ 0,076
/& 0,28 + 0,08 MIN (0.018 + 0.003)
(0.011 + 0.003) 254 (0.100) TP, 8 PLACES
8 PLACES 6 PLACES
(See Notes B and C) (See Note A) (See Notes 8 and C)
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.

eleq |esiueyoa B

4-20 Texas Q’
INSTRUMENTS

POST OFFICE BOX 655012 ¢ DALLAS, TEXAS 75265



NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




NOTES




TI Sales Offices

ALABAMA: Huntsville (205) 837-7530.

ARIZONA: Phoenix (602) 995-1007;
Tucson (602) 292-2640.

CALIFORNIA: lrvmo (714) 660-1200;
Rosevllle (916) 78

San Diego (619) 278-9601

Santa Clara (408) 980~9000,
Torrance (213) 217-7010;

Woodtand Hills (818) 704-7759

COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: Altamonte Springs (305) 260-2116;
Ft. Lauderdale (305) 973-8502;
Tampa (813) 885-7411.

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Arlington Helghts (312) 640-2925.

INDIANA: Carmel (317) 573-6400;
Ft. Wayne (219) 424-5174,

IOWA: Cedar Rapids (319) 395-2550.
KANSAS: Overland Park (913) 451-4511.
MARYLAND: Columbia (301) 964-2003.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN: Farmington Hills (313) 553-1569;
Grand Rapids (616) 957-4200.

MINNESOTA: Eden Prairie (612) 828-9300.

MISSOURL: St. Louls (314) 569-7600.

NEW JERSEY: Iselin (201} 750-1050.

NEW MEXICO: Albuquerque (505) 345-2555.
NEW YORK: East Syucuso (315) 463-9291;
Melville (516) 454-6600;

Pittsford (716) 385-6770;
Poughkeepsie (914) 473-2900.

NORTH CAROLINA: Charlotte (704) 527-0933;
Ralelgh (919) 876-2725.

OHIO: Beachwood (216) 464-6100;
Beaver Creek (513) 427-6200.

OREGON: Beaverton (503) 643-6758.
PENNSYLVANIA: Blue Bell (215) 825-9500.
PUERTO RICO: Hato Rey (809) 753-8700.
TENNESSEE: Johnson City (615) 461-2192.
TEXAS: Austin (512) 250—7655;

Houston (713) 778-6592;

Richardson (214) 680-! 5082

San Antonlo (512) 496-1779.

UTAH: Murray (801) 266-8972.
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfield (414) 782-2899.
CANADA: Nepean, Ontarlo (613) 726-1970;

Richmond Hill, Ontarlo (416) 884-9181;
St. Laurent, Quebec (514) 336-1860.

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660-8105;
Santa Clara (408) 748-2220;

GEORGIA: Norcross (404) 662-7945.
ILLINOIS Helghts (312) 6. 9.
MASSACHUSETTS: Waitham (617) 895-9196.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontarlo (613) 726-1970.

TI1 Distributors

TI AUTHORIZED DISTRIBUTORS
Arrow/Klerulff Electronics Group
Arrow (Canada)

Future Electronics (Canada)
GRS Electronics Co., Inc.
Hall-Mark Electronics

Marshall Industries

Newark Electronics

Schweber Electronics

Time Electronics

Wyle Laboratorles

Zeus Components

—OBSOLETE PRODUCT ONLY —
Rochester Electronics, Inc.
Newburyport, Massachusetts
(508) 462-9332

ALABAMA: Arrow/Kierulff (205) 837-6955;
Hall-Mark (205) 837-8700; Marshall (205) 881-9235
Schweber (205) 895-0480.

ARIZONA: Arrow/Klerulff (602) 437-0750;
Hall-Mark (602) 437-1200; Marshall (602) 496-0290;
Schweber (602) 431-0030; Wyle (602) B66-2888.

CALIFORNIA: Los Angeles/Orange County:
Arrow/Kierulff (818) 701-7500, (714) 838-5422;
Hall-Mark (818) 773-4500, (714) 669-4100;
Marshall (818) 407-0101, (818) 459-5500,
(714) 458-5395; Schweber (818) 880-9686;
(714) 863-0200, (213) 320-6090 Wyle (818) 880-9000,
714) 863-9953; Zeus (714) 9. 0; (818) 889-3838;
acramento: Han-Mar (916) ) 781
Marshall (916) 635-9700; Schweber (916) 364-0222;
Wyle (916) 638.5282;
San 0: Arrow/Kierulff '$6192' 565-4800;
HaII Mark (6‘9) 268-1201; Marshall (619) 573 9600.
Schweber (619) 450-0454; Wyle (619) 565-91
(4¢ 745-6600

San ay Area: (408)
Hall-Mark (408) 432-0900 Marshall (408) 942-4600;
Schweber (408) 432-7171; Wyle (408) 727-2500;
Zeus (408) 998-5121.

COLORADO: Arrow/Klerulff (303) 790-4444;
Hall-Mark (303) 790-1662; Marshall (303) 451-8383;
Schweber (303) 799-0258; Wyle (303) 457-9953.

CONNETICUT: Arrow/Kierulff (203) 265-7741;
Hall-Mark (203) 271-2844; Marshall (203) 265-3822;
Schweber (203) 264-4700.

FLORIDA: Ft. Lauderdale:
Arrow/Kierulff (305)

Marshall (305) 977-4880; Schweber (305) 977-7511;
Orlando: Arrow/Kierulff (407) 323-0252;

Hall-Mark (407) 830-5855; Marshall (407) 767-8585;
Schweber (407) 331-7555; Zeus (407) 365-3000;
Tampa: Hall-Mark (813) 530-4543;

Marshall (813) 576-1399; Schweber (813) 541-5100.

GEORGIA: Arrow/Kierulff (404) 449-8252;
Hall-Mark (404) 447-8000; Marshall (404) 923-5750;
Schweber (404) 449-9170.

ILLINOIS: Arrow/KieruIﬁ (312) 250-0500;
Hall-Mark (312) 860-3800; Marshall (312) 490-0155;
Newark (312) 784-5100; Schweber (312) 364-3750.

17) 243-9353;
Hall-Mark (317) 872-8875; Marshall (317) 297-0483;
Schweber (317) 843-1050.

10WA: Arrow/Kierulff (319) 395-7230;
Schweber (319) 373-1417.

KANSAS: Kansas City: Arrow/Kierulff (913) 541-9542;
Hall-Mark (913) 888-4 47 Marshall (913) 492-3121;
Schweber (913) l92-2922.

A
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429-8200; Hall-Mark (305) 971-9280;

MARYLAND: Arrow/Khrulﬂ (301) 995-6002;
Hall-Mark (301) 988-9800; Marshall (301) 235-9464;
Schweber (301) 840-5900; Zeus (301) 997-1118.

MASSACHUSETTS Arrow/Kierulff (508) 658-0900;
Hall-Mark (508) 667-0902; Marshall (508) 658»081 0;
Schweber (617) 275-5100; Time (617) 532-620¢

Wyle (617) 273-7300; Zeus (617) 863-8800.

MICHIGAN: Detrolt: Arrow/Kierulff (313) 462~2290
Hall-Mark (313) 462-1205; Marshall (313) 525-5850;
Newark (313) 967-0600; Schweber (313) 525-8100-
Grand Raplds: Arww/KIeruI" (616) 243-0912.

MINNESOTA: Arrow/Kierulff (61 2? 830-1800;
Hall-Mark (612) 941-2600; Marshall (612) 559-2211;
Schwr, ;er (612) 941-5280.

MISSGURL: St. Louis: Arrow/Kierulff (314) 567-6888;
Hall-Mark (314) 291-5350; Marshall (314) 291-4650;
Schweber (314) 738-0526.

NEW HAMPSHIRE: Arrow/Kierulff (603) 668-6968;
Schweber (603) 625-2250.

NEW JERSEY: Arrow/Kierulff (201) 538-0900,
(609) 596-8000; GRS Electronics (609) 964-8560;
Hall-Mark (201) 575-4415, (201) 882-9773,

(609) 235-1900; Marshall (201) 882-0320,

(609) 234-9110; Schweber (201) 227-7880.

NEW MEXICO: Arrow/Kierulff (505) 243-4566.

NEW YORK: Long Island:
Arrow/Kierulff (516) 231-1009; Hall-Mark (516) 737-0600;
Marshall (516) 273-2424; Schweber (516) 334-7474;
Zeus (914) 937-7400;
Rochester: Arrow/Klerum (716) 427-0300;
Halt-Mark (716) 425-3300; Marshall (716) 235-7620;
Schweber (716) 424-2222;

Syracuse: Marshall (607) 798-1611.

NORTH CAROLINA: Avrow/KIerum (919) 876-3132,
1’9'19 ) 725-8711; Hall-Mark (919) 872-0712;
jarshall (919) 87&9682 Schweber (919) 875—0000

OHIO: Cleveland: Arrow/Kierulff (216) 248-3990;
Hall-Mark (216) 349-4632; Marshall (216) 248-1788;
Schweber (216) 464-297 0
Columbus Hall-Mark (614) 888-. 331 3,

Dayton: Arrow/Kierulff (513) 435-5!
Mnrshall (513) 898-4480; Sc webav (51 3) 439-1800.

OKLAHOMA: Arrow/Kierum (918) 252-7537;
Schweber (918) 622-8003.

OREGON: Arrow/Kierulff (503) 645-6456;
Marshall (503) 644-5050; Wyle (503) 640-6000.

PENNSYLVANIA: Arrow/Klerultf (412) 856-7000,
(215) 928-1800; GRS Electronics (215) 922-7037;
Marshall (412) 963-0441; Schweber (215) 441-0600,
(412) 963-6804.

TEXAS: Austin: Arrow/Kierulff (512) 835-4180;
Hall-Mark (512) 258-8848; Marshall (512) 837-1991;
Schweber (512) 339-0088 Wyle (512) 834 -9957;
Dallas: Arrow/Kierultf (214) 38!

HalI-Mark (214) 553-4300; Marshall (214) 233-5200;
Schweber (214) 661-5010 Wylz2 (214) 235-9953;
Zeus (214) 783-7010;

El Paso: Marshall (915) 593-0706;

Houston: Arrow/Kierulff (713) 530-4700;

Hall-Mark (713) 781-6100; Marshall (713) 895-9200;
Schweber (713) 784-3600; Wyle (713) 879-9953.

UTAH: Arrow/Kierultf (801) 973-6913;
Hall-Mark (801) 972-1008; Marshall (801) 485-1551;
Wyle (801) 974-9953.

WASHINGTON: Arrow/Kierulff (206) 575-4420;
Marshall (206) 486-5747; Wyle (206) 881-1150.

WISCONSIN: Arrow/Kieruift (414) 792-0150;
Hall-Mark (414) 797- 7544 Mnrshall (414) 797-8400
Schweber (414) 784-90:

CANADA: Calgary: Future (403) 235-5325;
Edmonton: Future (403) 438-2858;
Montreal: Arrow Cnnada (514) 735~5511
Future (514) 694-

awa: Arrow Canada (613) 226-6903;
Future (613) 820-8313;
Quebec CIty Arrow Canada (418) 871~7500,
Toronto: Arrow Canada (416) 672-7769;
Future (416) 638-4771 Marshall (416) 674-2161;
Vancouver: Arrow C: nada (604) 291-2986;
Future (604) 294-1166.

Customer
Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (21 4) 995-6611
(8:00 a.m. — 5:00 p.m. CST)

A-189




TI1 Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drlve, Suite 514,
Huntsville, AL 35805, (205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
AZ 85021, (602) 995-1007;TUCSON: 818 W. Miracle
Mile, Suite 43, Tucson, AZ 85705, (602) 292-2640.

CALIFORNIA: Irvine: 17891 Csr(wnght Dr " lrvme. CA
92714, (714) 660-1200; Roseville: Gate
Plaza, Ronvnlle CA 95678, (916) 736 9208
Diego: 4333 View Ridge Ave., Suite 100,
San Dnewo, CA 92123, (619) 278-9601;
5363 Betsy Ross Dr., Santa Clara, CA

95054 (408) 980-9000; Torrance: 690 Knox St.,
Torrance, CA 90502, (213) 217- 7010

Woodland Hills: 21230 Erw-n St., Woodland Hills,
CA 91367, (818) 704-7759.

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Aurora, CO 80012, (303) 368-8000.

Park

ICUT: 9 Barnes
Rd., Barnes Industrial Park, Wnlli»g'ord,
CT 06492, (203) 269-0074.

FLORIDA: Altamonte Springs: 370 S. North Lake Bivd,
Anamonte Sprlngs, FL 32701 (305] 260-2116;
Ft. Lauderdale: 2950 N. nd St.,

lo:

Ft. Lauderdals, FL 33309 (305) 973-8502;
Tampa: 4803 George Rd., Suite 390,
Tampa, FL 33634, (81 3)885-7411.

GEORGIA: Norcross: 5515 Spalding Drive, Norcross,
GA 30092, (404) 662-7900

ILLINOIS: Arlington Heights: 515 W. Algonquin,
Arlington Heights, IL 60005, (312) 640-2925.

INDIANA: Ft. Wayne: 2020 Inwood Dr.,

Ft. Wayne IN 46815, (219) 424-5174;

Carmel: 550 Congressional Dr., Carmel, IN 46032,
(317) 573-6400.

IOWA: Cedar Rapids: 373 Collins Rd. NE, Sulle 201,
Cedar Rapids, IA 562402, (319) 395-9550.

KANSAS: Overland Park: 7300 College Bivd., Lighton
Plaza, Overland Park, KS 66210, (913) 451-4511.

MARYLAND: Columbia: 8815 Centre Park Dr.,
Columbia MD 21045, (301) 964-2003.

MASSACHUSETTS: Waltham: 950 Winter St.,
Waltham, MA 02154, (617) 895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, Ml 48018, (313) 553-1569.

Grand Is: 3075 Orchard Vista Dr. S.E

Grand Rapids, MI 49506, (616) 957- 4200,

MINNESOTA: Eden Prairie: 11000 W. 78th St.,
Eden Prairie, MN 55344 (612) 828-9300.

MISSOURI: St. Louis: 11816 Borman Drive,
St. Louis, MO 63146, (314) 569-7600.

NEW JERSEY: Iselin: 485E U.S. Route 1 South,
Parkway Towers, Iselin, NJ 08830 (201) 750—1050

NEW MEXICO: Albugquerque: 2820-D Broadbent Pkwy
NE, Albuquerque, NM 87107, (505) 345-2555.

NEW YORK: East Syracuse: 6365 Col Iamev Dr o
East vaacuse, NY 13057, (315) 463-929
: 1895 Walt Whitman Rd., P.O. Box 2936,

Melvnlle, NY 11747 (516) 454~8600

Pittsford: 2851 Clover St., Pittsford, NY 14534,
(716) 385 6770;
Poughkeepsie: 385 South Rd., Poughkeepsie,
NY 12601 (914) 473-2900.

NORTH CAROLINA: Charlotte: 8 Wood(lawn Green,

H : 2809 Highwoods Bivd., Suite 100,
Raleigh, NC 27625. (919) 876-2725.

NHIO: Beachwood: 23775 Commeroe Park Rd.,
Jsatitwood, OH 44122, (216) 464-6100;
Beaverceek: 4200 Colonei Glenn Hwy.,
Beavercraek, OH 46431, (513) 427-6200.

OREGON: Beaverton: 6700 SW 105th St., Suite 110,
Beaverton, OR 97005 (503) 643-6758.

PENNSYLVANIA: Biue Bell: 670 Sentry Pkwy,
Blue Bell, PA 19422, (215) 825-9500.

PUERTO RICO: Hato Rey: Mercantif Plaza Bidg.,
Suite 505, Hato Rey, PR 00918, (809) 753-8700.

TENNESSEE: Johnson City: Erwin Hwy,
P.O. Drawer 1255, Johnson City, TN 37605
(615) 461-2192.

TEXAS: Austin: 12601 Research Bivd., Ausun, ™)
78759, (512) 250-7655; Richardson: 1001 E.
Campbell Rd., Richardson, TX 75081,
(214) 68&5082 Houston: 9100 So thwesi Frwy.,
Suite 250, Houston, TX 77074, (713) 778-6692;
San Antonio: 1000 Central Parkway South,

San Antonio, TX 78232, (512) 496-1779.

UTAH: Murray: 56201 South Green St., Suite 200,
Murray, UT 84123, (801) 266-8972.

WASHINGTON: Redmond: 5010 148th NE, Bidg B,
Suite 107, Redmond, WA 98052, (206) 881-3080.

WISCONSIN: Brookfield: 450 N. Sunny Slope, Suite
150, Brookfield, WI 53005, (414) 782-2899.

CANADA: Nepean: 301 Moodie Drive, Mallorn Center,
Nepean, Ontario, Canada, K2H9C4,

(613) 726-1970. Richmond Hill: 280 Centre St. E.,

Richmond Hill L4C1B1, Ontario, Canada

(416) 884-9181; St. Laurent: Ville St. Laurent

Quebec, 9460 Trans Canada H wy., St. Laurent,

Quebec, Canada H4S1R7, (514) 336 1860.

Texas genti i
1119, 1053 Capital Federal, Buenos Aires, Argentina,
541/748-3699

AUSTRALIA (& NEW ZEALAND): Texas Instruments
Australia Ltd.: 6-10 Talavera Rd., North Ryde
(Sydney), New South Wales, Australia 2113,

"2 + 887-1122; 5th Floor, 418 St. Kilda Road,

Melbourne, Victoria, Australia 3004, 3 + 267-4677;
171 Philip Highway, Elizabeth, South Australia 5112,
8 + 255-2066.

AUSTRIA: Texas Instruments Ges.m.b.H
i , A-2345 ge,
2236-846210.

BELGIUM: Texas Instruments N.V. Belgium S.A.: 11,
Avenue Jules Bondetlaan 11, 1140 Brussels, Belgium,
(02) 242-3080.

BRAZIL: Texas Instruments Electronicos do Brasil
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424
Sao Paulo, Brazil, 0815-6166.

: Texas A/IS, N j 46E,
2730 Herlev, Denmark, 2 - 91 74 00.
FINLAND: Texas Instruments Finland OY:
Ahertajantie 3, P.O. Box 81, ESPOO, Finland, (90}
0-461-422.

FRANCE: Texas Instruments France: Paris Office, BP
67 8-10 Avenue Morane-Saulnier, 78141 Velizy-
Villacoublay cedex (1) 30 70 1003.

‘GERMANY (Fed. Republic of Germany): Texas
Instruments Deutschland GmbH: Haggertystrasse 1,
8050 Freising, 8161 +80-4591; Kurfuerstendamm
195/196, 1000 Berlin 15, 30 + 882- 7365 I|I Hagen
43/K|bbelstvasu .19, 4300 Essen, 201-24250;

5H +648021; Maybnchstube 11, 7302 Ostfildern
2-Nelingen, 711 +34030.
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HONG KONG: Texas Instruments Hong Kong Ltd., 8th
Floor, World Shipping Ctr., 7 Canton Rd., Kowloon,
Hong Kong, (852) 3-7351223.

IRELAND: Texas Instruments (Ireland) Limited:
7/8 Hasr;gun Street, Stillorgan, County Dublin, Eire,

ITALY: Texas Instruments Italia S.p.A. Divisione
Semiconduttori: Viale Europa, 40, 20093 Cologne
Monzese (Milano), (02) 263001; Via Castello della
Magliana, 38, 00148 Roma, (06) 5222651;

Via Amendola, 17, 40100 Bologna, (051) 554004.

JAPAN: Tokyo Marketing/Sales (Headquarters):
Texas Instruments Japan Ltd., MS Shibaura Bldg., 9F,
4-13-23 Shibaura, Minato-ku, Tokyo 108, Japan,
03-769-8700. Texas Instruments Japan Ltd.: Nissho-
Iwai Bldg. 5F, 30 Imabashi 3-chome, Higashi-ku,
Osaka 541, Japan, 06-294-1881; Daini Toyota West
Bldg. 7F, 10-27 Meieki 4-chome, Nakamura-ku,
Nagoya 450, 052-583-8691; Daiichi Seimei Bldg. 6F,
3-10 Oyama-cho, Kanazawa 920, Ishikawa-ken,
0762-23-5471; Daiichi Olympic Tachikawa Bidg. 6F,
1-25-12 Akebono-cho, Tachikawa 190, Tokyo,
0425-27-6426; Matsumoto Showa Bldg. 6F, 2-11
Fukashi 1-chome, Matsumoto 390, Nagano-ken,
0263-33-1 060 Vokohama N' higuchi KN BlngGF

2-8-4 Ki

045-322-6741; Nlhon Se«men Kvoto Yasaka Bldg 5F,
843-2 Higashi Hig
Shiokouji, Shimogyo-ku, Kyoto 600, 075- 3-11 7713
2697-1, Aza Harudai, Oaza Yasaka, Kitsuki 873, Oita-
ken, 09786 -3211; Miho Plant, 2350 Kihara Miho-
mura, Inashiki-gun 300- 04, Ibaragi-ken,
0298-85-2541.

KOREA: Texas Instruments Korea Ltd., 28th Fl., Trade
Tower, #1569, Samsung-Dong, Kangnam-ku, Seoul,
Korea 2+561-2810.

MEXICO: Texas Instruments de Mexico S.A.: Alfonso
Reyes—115, Col. Hipodromo Condesa, Mexico, D.F.,
Mexico 06120, 525/525-3860.

MIDDLE EAST: Texas lnstrumenxs No 13, 1st Floor
Mannai Bidg., Diplomatic Area, x 26335,
Manama Bahrain, Arabian Gulf, 973 +274681

NETHERLANDS: Texas Instruments Holland B.V.,
1100 Zuidoost,
Holland 20 + 5602911.

NORWAY: Texas Instruments Norway A/S: PB106,
Refstad 0585, Oslo 5, Norway, (2) 155090.

PEOPLES REPUBLIC OF CHINA: Texas Instruments
China Inc., Beijing Representative Office, 7-05 Citic
Bidg., 19 Jmnguomenwm Daijie, Beijing, China, (861)
5002255, Ext. 3750.

PHILIPPINES: Texas Instruments Asia Ltd.: 14th Floor,
Ba- Lepanto Bidg., Paseo de Roxas, Makati, Metro
Manila, Philippines, 817-60-31.

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal), Lda.: Rua Eng. Frederico Ulrich,
2650 Moreira Da Maia, 4470 Maia, Portugal,
2-948-1003.

SINGAPORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Instruments Singapore (PTE) Ltd.,
Asia Pacific Division, 101 Thompson Rd. #23-01,
United Square, Singapore 1130, 350-8100.

SPAIN: Texas Instruments Espana, S.A.: C/Jose
Lazaro Galdiano No. 6, Madrid 28036, 1/458.14.58.

I: Texas I Trade

Sweden. 8- 752- 5800

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
, CH-8953 Dietikon (Zuerich) Switzerland,
1-740 2220.

TAIWAN: Texas Instruments Supply Co., 9th Floor
Bank Tower, 205 Tun 4wa N. Rd., Taipei, Taiwan,
Republic of China, 2 + 713-9311.

UNITED KINGDOM: Texas Instruments Limited:
Manton Lane, Bedford, MK41 7PA, England, 0234
270111,

S-164-93,

A-189
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